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RESUMO

O objetivo deste trabalho foi avaliar a mobilizagdio metabolica em ratos submetidos a 50-60
minutos de natacdo de acordo com trés protocolos: no grupo A os ratos foram submetidos a
uma sessdo de 50 minutos de natagdo; no grupo B o tempo total de natagfio foi dividido em
trés sessdes didrias de 5, 15 e 30 minutos e no grupo C os ratos foram submetidos a cinco
sessbes de nataciio de 5, 15, 30, 45 e 60 minutos. Os contetdos de glicogénio (GO) do
figado e dos musculos soleo e gastrocnémio foram depletados nos tés grupos
experimentais, mas a glicemia (GA) fo1 aumentada significativamente apenas no grupo B.
Concentragdes séricas de lactato (L) foram maiores que os controles nos grupos A ¢ B.
Houve aumento significativo nas concentracdes dos 4cidos graxos livres (AGL) nos trés
grupos experimentais. Como a lipélise basal (LB) estava aumentada em adipocitos
1solados do grupo B, o aumento plasmatico dos niveis de AGL poderia ser conseqiiéncia da
estimulac#o da lipolise pela adrenalina e noradrenalina. Adipdcitos isolados de ratos dos
grupos A e B foram supersensiveis 4 adrenalina, entretanto os do grupo C ndo foram.
Conclui-se, portanto, que apds cinco sessGes de natagfio as alteragdes nos marcadores
metabolicos foram menos pronunciadas que apds uma sessio de natagdo com duragio
similar e que trés sessdes de natagio nfo foram suficientes para causar adaptagio. Em
outro experimento, avaliamos o efeito da temperatura da 4gua sobre a mobilizagio
metabolica, em ratos submetidos a trés sessdes de natacio de 5, 15 e 30 minutos a2 35°C ou
a 18°C. Apos a sessdo de natagio a 35°C os ratos mantiveram sua temperatura corporal
comparados ao controle, entretanto os ratos que nadaram a 18°C mostraram hipotermia. As

concentragdes de GO no figado e nos musculos sdleo e gastrocnémio foram depletadas nos



ratos que nadaram a 35°C. Nestes ratos as concentragdes de GA, L ¢ AGL foram
significativamente maiores que o controle. Nos ratos que nadaram a 18°C as concentragdes
de GO no musculo gastrocnémio diminuiram ¢ a glicemia nfo foi alterada em comparagio
ao controle. As concentragbes de L ¢ AGL foram significativamente maiores que o
controle ¢ - também -foram maiores -do que -os ratos' que ‘nadaram-a 35°C. A LB foi
aumentada em adipécitos isolados de ambos 0s grupos, assim como a sensibilidade &
adrenalina. Em ratos submetidos a natacio em baixa temperatura ocorre bloqueio da

mobilizacio de carboidratos e do metabolismo aerobio da ghicose.



ABSTRACT

The aim of this work was to evaluate metabolites mobilization in rats submitted to 50-60
minutes of swimming according to three protocols as follows: in the group A, rats were
submitted to one 50 minutes swimming session; in the group B the total 50 minutes
swimming time was divided in three daily sessions of 5, 15 and 30 minutes and in the
group C, rats were submitted to five swimming sessions of 5, 15, 30, 45 and 60 minutes.
The glycogen (GO) contents of liver, soleus and gastrocnemius muscles were depleted in
the three experimental groups, but it was not altered in ventricle. The glycaemia (GA) was
significantly increased only in the group B and it was not different from control in the rats
from groups A and C. However, serum lactate (L) concentration was higher than control in
the groups A and B, with no significant differences in the group C. There were significant
increases in serum free fatty acids (FFA) concentration in all the three experimental groups,
mdicating that lipids mobilization had already started. Since basal lipolysis (BL) was
altered in isolated adipocytes from group B but not A or C, the increase in plasma FFA
levels might be a consequence of the lipolysis stimulation by epinephrine and
norepinephrine. Moreover, adipocytes from rats submitted to swimming were
supersensitive to epinephrine, in groups A and B, but not C. We conclude that after five
swimming sessions the metabolic tracers alterations were less pronounced than after one
session even though session durations were similar. The metabolic features of groups A and
B are mostly similar suggesting that three swimming sessions were not enough to cause
adaptation. To test this hypothesis, in other experiment, we evaluated the effect of water

temperature, as a determinant of stress intensity, on metabolic markers in rats submitted to
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three swimming sessions of 5, 15 and 30 minutes at 35°C or 18°C. Immediately after
swimming sessions at 35°C rats were homeothermic compared to control whereas rats
swimming at 18°C showed hypothermia. The GO content of liver, soleus and
gastrocnemius muscles was depleted after swimming at 35°C. In these rats, GA, L and
FFA concentrations were significantly higher than control. In rats swimming at 18°C the
GO content of gastrocnemius muscle decreased and GA were not altered compared to
control, whereas L and FFA concentrations were significantly higher than control and than
rats swimming at 35°C. BL was increased in adipocytes isolated from both groups, as well
as the sensitivity to epinephrine. We conclude that swimming at 35°C causes substrates
mobilization and increases metabolism mostly guaranteed by the higher plasma levels of
epinephrine, norepinephrine and corticosterone. These metabolic alterations allow the
animal to keep homoeothermy and normal plasma glucose levels. However, swimming at
low temperature impaired carbohydrates mobilization and glucose aerobic metabolism, then
causing increased serum lactate and FFA levels although plasma levels of catecholamines
were higher than in the other groups. Those alterations are not sufficient to avoid

hypothermia.
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L INTRODUCAO

1.1 Aspectos neuroenddcrinos do estresse

O equilibrio organico pode sofrer variagdes diante do efeito de fatores do
ambiente interno e/ou externo, denominados agentes estressores. Evolutivamente, os
animais adquiriram a capacidade de resposta a estes agentes. A fungfo da resposta de
gstresse ¢ manter tal equilibrio orginico, por meio de alteraces fisiolégicas
compensatorias, que permifem inicialmente, resistir ao agente estressor €, posteriormente,

adaptar-se a sua presenga, quando esta € mantida ou repetida,

Esta resposta esta relacionada ao eixo hipotidlamo-hipéfise/adrenal e foi
denominada “Sindrome Geral de Adaptagéo” por SELYE em 1936, que a descreveu em trés
estagios. O primeiro estagio configura uma “reagfio de alarme”, representando a resposta
inicial do organismo frente ao agente estressor, € ocorreria quando o organismo ndo
estivesse adaptado ao estimulo recebido. Em seguida, sendo mantido o estimulo, ocorreria a
fase de resisténcia, caracterizada pela ativagiio de mecanismos adaptativos. Nfio ocorrendo
adaptacio, desenvolver-se-ia o estagio de exaustio onde o organismo estaria susceptivel a
distarbios (SELYE, 1936; VAN DE KAR et al,, 1991).

Inicialmente, a Sindrome Geral de Adaptaciio foi descrita como uma reagfio
geral e inespecifica (SELYE, 1936). A continuidade dos estudos sobre a resposta de
estresse evidenciou seu carater especifico (MASON, 1968a; MASON, 1968b; KRULICH et
al., 1974; HENNESSY et al., 1979; HERD, 1991) e a influéncia de estressores ambientais
(MARPLES, 1972), do sexo (LESCOAT et al., 1970; ANISHCHENKO ¢ GUDKOQOVA,
1992; PARE e REDEI, 1993), da idade (RTEGLE, 1973) ¢, principalmente, da percepgiio
individual do agente estressor, o que depende das experiéncias vividas anteriormente e da
novidade ou previsibilidade do estimulo (VOGEL e JENSH, 1998; GRIFFIN, 1989),

Na resposta de estresse, a alteracio fisiologica inicial decorre da decodificagido
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da informagdo sensorial pelo sistema limbico-mesencefalico, em associagdo com areas
corticais do cérebro, ¢ por transmissio neural emissora de sinais ativadores ou inibidores
para o eixo hipotalamo-hipéfise adrenal (ELIOT, 1992; BEIER et al., 2002).

Observa-se a ativagio dos eixos sistema nervoso simpdtico-medula adrenal ¢
hipotalamo-hipofise-cortex ~adrenal, —causando respectivamente a elevagio- - das
concentragBes plasmaticas de catecolaminas e de glicocorticoides (SELYE, 1956;
(’PRICHARD e KVETNANSKY, 1980; AXELROD e REISINE, 1984; KONARSKA et
al, 1989 DE BOER et al, 1989; KONARSKA et al., 1990; DE BOER et al, 1990;
NONOGAKI, 2000).

As catecolaminas, por sua vez, podem causar clevagio adicional nas
concentracdes de glicocorticoides, através de adrenoceptores localizados no hipotalamo, os
quais estimulam 2 liberagio de horménio liberador da corticotrofina (CRH). Este ultimo
causa elevagio das concentragbes plasmiticas ndo apenas de corticotrofina (ACTH)
(NOMURA et al., 1981; AL-DAMLUIJL 1988), como também de catecolaminas (BROWN
e FISHER, 1984; 1985).

QOutros eixos neuroenddcrinos também podem ser alterados, como 08
relacionados ao horménio do crescimento (KRULICH et al., 1974; LUGER et al., 1988), ao
horménio luteinizante (KRULICH et al., 1974; EUKER et al., 1975), a0 hormonio foliculo-
estimulante (KRULICH et al., 1974), a prolactina (EUKER et al., 1975, KANT et al,, 1983)
e a tireotropina (MILLS, 1985).

Do aumento nas concentragdes plasmaticas de catecolaminas e de
glicocorticoides, decorrem alteragdes metabdlicas no sentido de causar mobilizagio de
substratos energéticos, a partir dos tecidos de armazenamento, como o hepatico e o adiposo
branco, liberando-os para a circulagiio sangiiinea. O tecido adiposo marrom ¢ ativado
quando o agente estressor inclui o frio, uma vez que sua fungio se relaciona a termogeénese
(BERNE e LEVY, 2000).

Este redirecionamento metabélico disponibiliza maior quantidade de

carboidratos e lipidios para a atividade celular e permite ajustes de sistemas como ©
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cardiovascular, o respiratorio, o nervoso e o muscular, Tais adaptagSes contribuem para a
manutencio da homeostase em situagGes de estresse, nas quais podem ser deflagrados
comportamentos de luta ou fuga (SELYE, 1936; HERD, 1991).

1.2. Efeitos metabolicos dos hormonios do estresse

Os hormonios liberados durante a reagio de estresse agem sobre tecidos como o
adiposo, o hepatico e o pancredtico, modificando o metabolismo de lipidios e de
carboidratos, com efeitos opostos aos da insulina (PITTNER et al,, 1985a, b; BRINDLEY
et al., 1988; LAFONTAN, 2001; RADZIUK ¢ PYE, 2001).

Com relagio ao metabolismo de carboidratos, as catecolaminas endégenas,
principalmente a adrenalina, estimulam a glicogenolise e a gliconeogénese hepaticas
(HIMMS-HAGEN, 1967, EXTON et al.,, 1972; HUE et al.,, 1978; YOREK et al., 1980;
KNEER e LARDY, 1983; PILKIS et al., 1988; WATT et al., 2001).

Em tecido pancredtico estas, através de adrenoceptores alfa, estimulam a
liberac@o de glucagon pelas células alfa das ilhotas de Langerhans, enquanto inibem a
liberagéio de insulina pelas células beta (PORTE JR., 1969; PORTE JR. ¢ ROBERTSON,
1973), sendo que os adrenoceptores beta podem estimular a liberagio de insulina pelas
células beta-pancreaticas (YOSHIDA, 1992; ATEF et al., 1996).

A corticosterona influencia o metabolismo de carboidratos através de sua acéo
permissiva aos efeitos glicogenoliticos e gliconeogénicos das catecolaminas e do glucagon
(EXTON et al, 1972). Como resultado destes efeitos ocorre aumento da glicemia
(VERAGO et al., 2001; RETANA-MARQUEZ et al., 2003).

Em tecido adiposo branco de ratos, o glucagon e os agonistas beta-adrenérgicos
estimulam a atividade lipolitica causando liberagdo de acidos graxos livres e glicerol para o
plasma (SLAVIN et al., 1994; LAFONTAN et al, 1995; 2001; 2002), enquanto os
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glicocorticéides desempenham um papel permissivo na manutencéo da resposta lipolitica as
catecolaminas (FAIN e GARCITA-SAINZ, 1983).

Aumentos dos niveis plasméticos de acidos graxos livres e de glicerol foram
observados em cies € humanos apoés infusio endovenosa de catecolaminas (CONNOLLY
et al., 1991). GALITZKY et al. (1993) observaram-a-clevagh
plasma de cies, durante a infusio de noradrenalina, adrenalina, isoproterenol, BRL37344 ¢
outros agonistas beta-adrenérgicos. DARIMONT et al. (1996) demonstraram i sifu, maior

liberag@o de glicero! pelo tecido adiposo de ratos, apds infuséo de isoproterenol. VERAGO
et al. (2001) demonstraram in vivo que as concentragdes plasmaticas de corticosterona em
ratos aumentaram significativamente apos cada sessdo de choque nas patas; as de glicerol
ndo se alteraram; as de triacilglicerdis aumentaram apenas apos a 1° sessfo, € as
concentracOes plasmaticas de glicose aumentaram apos as 2° e 3 sessbes de choque nas

patas.

O figado ¢ considerado o principal 6rgéo responsavel pela captagio de glicerol
plasmatico (LIN, 1977), que pode ser utilizado como um dos substratos para a
gliconeogénese, mas também para a sintese de triacilgliceréis (PITTNER et al., 1985a ¢ b;
BRINDLEY et al., 1988; NEWGARD et al., 2000).

A sintese hepatica de triacilglicerdis a partir de 4cidos graxos e de glicerol pode
ser modulada pelas catecolaminas, pelo glucagon e pelos proprios acidos graxos,
principalmente através da estimulagdo da atividade enzimatica da fosfatidato fosfohidrolase
(PAULETTO et al, 1991; PITTNER et al, 1985a ¢ b; BRINDLEY et al, 1983). Em
hepatocitos, tanto a sintese, quanto a atividade desta enzima, sfo estimuladas por
glicocorticoides (KNOX et al., 1979; PITTNER et al., 1985a ¢ b; BRINDLEY et al,, 1988).

Os triacilglicerdis, em células hepaticas, podem ser incorporados em
lipoproteinas de muito baixa densidade (VLDL) e assim serem liberados para o plasma
sangiineo (PITTNER et al., 1985a e b; BRINDLEY et al., 1988). Entretanto, a velocidade
desta libera¢dio ¢ dependente da fungfo circulatéria no tecido hepético, e esta também pode
ser influenciada pela agfo adrenérgica sobre os vasos sangiiineos (GARDEMANN et al.,
1991; YAMAUCHTI et al., 1998). Em cultura de hepatocitos de ratos, observou-se que a
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dexametasona estimula a secregiio de VLDL (MANGIAPANE e BRINDLEY, 1986).

Além disso, a concentragéo plasmatica de triacilglicerdis também ¢ dependente
da velocidade de sua captagdo, mediada pela atividade da lipoproteina lipase em tecidos

como o adiposo, o muscular e o cardfaco. Varios horménios influenciam a atividade da

lipoproteina lipase, incluindo a insulina, ascatecolaminas & os glicocorticides. - Cada unr —

destes hormonios pode estimular ou inibir sua atividade, de acordo com o tecido em que
agem (ASHBY e ROBINSON, 1980; HULSMANN e DUBELAAR, 1986; DESHAIES et
al., 1993; MORA-RODRIGUEZ e COYLE, 2000).

Em situaghes em que ocorre clevagio da concentragio plasmatica das
catecolaminas e dos glicocorticéides, como ocorre durante o estresse, espera-se um
aumento do furnover dos elementos lipidicos do metabolismo, que pode ser acompanhado

ou ndo da elevagdo de suas concentragBes plasmaticas.

Em animais, o tecido adiposo marrom (TAM) parece especificamente
organizado para desempenhar fun¢bes de termogénese. Suas grandes mitocondrias sfio
estimuladas por uma proteina de desacoplamento (uncoupling protein - UCP), a
termogenina, que dissocia a produgiio de ATP da utilizagio do oxigénio na cadeia
respiratoria impedindo o funcionamento normal da ATP sintetase ¢ a conversdo do ADP
em ATP. Como conseqiiéncia, ha produgdo de calor, sem produzir trabalho quimico ou
mecénico Gtil (calafrios). A sintese de termogenina ¢ regulada por sinais do sistema
nervoso simpatico, isto €, através da noradrenalina interagindo com adrenoceptores B
(LAFONTAN ¢ BERLAN, 1993; BERNE e LEVY, 2000). Recentemente demonstrou-se
que a expressdo do gene que codifica essa proteina mitocondrial estd sob controle da
tritodotironina (T3) e da noradrenalina. Na auséncia do horménio tireoidiano, o gene
permanece silencioso, enquanto que na presencga de T; a taxa de transcrigio génica aumenta
de 5 a 10 vezes, levando a aumento proporcional dos seus niveis de RNAm, da
concentragdo mitocondrial dessa proteina desacopladora e da termogénese tecidual
(BIANCO ¢ KIMURA, 1999). Em 2000, HERNANDEZ ¢ OBREGON demonstraram que
a tniodotironina amplifica a estimulagio adrenérgica da expressio da proteina de

desacoplamento, em tecido adiposo marrom de ratos.
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1.3. Estresse e sensibilidade dos tecidos as catecolaminas

Como conseqiiéncia das modificagbes de natureza neural ¢ hormonal ligadas a
reagio de estresse, além das modificagdes na dindmica metabolica, descritas acima, podem
ocorrer também alteragdes de sensibilidade adrenérgica em diferentes tecidos.

Dentre os fatores que determinam subsensibilidade ou supersensibilidade
adrenérgica em um dado tecido, considera-se: a ac¢fo dos sistemas de metaboliza¢do, que
limitam a meia vida do agonista na biofase, o niimero de receptores, a afinidade dos
receptores 20s agonistas e/ou o processo de acoplamento entre os receptores € 0s sistemas
de segundos mensageiros.

Os mecanismos envolvidos nessas alteragfes podem variar de acordo com o
tipo de agente estressor empregado ¢ de fatores intrinsecos, como a espécie € 0 sexo do
animal. No caso de ratas fémeas, também dependem das fases do ciclo reprodutivo
(POLLARD et al, 1975; RODRIGUES et al, 1995, MARCONDES et al, 1996;
VANDERLEI et al., 1996, SPADARI-BRATFISCH et al, 1999; TANNO et al., 2002).

A equipe do Laboratério de Estudos do Estresse (LABEEST / UNICAMP) vem
estudando a sensibilidade a agonistas adrenérgicos do tecido cardiaco e, mais recentemente,
também de adipdcitos isolados de ratos submetidos a estresse (MARCONDES et al., 1996;
VANDERLEI et al., 1996; SPADARI-BRATFISCH et al., 1999; FARIAS-SILVA et al,
1999).

Como resultante dos mecanismos adaptativos associados a reagio de estresse,
varios autores demonstraram que ocorre subsensibilidade ou supersensibilidade as
catecolaminas em atrios direitos isolados de ratos machos submetidos a diferentes agentes
estressores (CALLIA ¢ DE MORAES, 1984, BASSANI e DE MORAES, 1987a ¢ b; 1988;
SPADARI e DE MORAES; 1988; SPADARI et al., 1988; CAPAZ e DE MORAES, 1988).

Neste mesmo tecido, as alteracdes de sensibilidade as catecolaminas,
observadas apds uma ou trés sessbes de natagfio, estio relacionadas respectivamente, 4
inibicio dos sistemas de metabolizagio das catecolaminas (SPADARI et al., 1988) ¢ 2
alteracio na constante de afinidade de antagonistas pelos receptores adrenérgicos
(SPADARI ¢ DE MORAES; 1988). Os autores propuseram que ambos 0S mecanismos
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seriam dependentes do aumento dos niveis plasmaticos de corticosterona, induzidos pela
exposigio ao estimulo estressor, pois a adrenalectomia cirurgica ou terapéutica impediu o
aparecimento de tais alteracdes (SPADARI et al., 1988; SPADARI e DE MORAES:; 1988),
assim como o bloqueio dos receptores de glicocorticoides (RAHNEMAYE et al., 1992},

Posteriormente SANTOS e SPADARI-BRATFISCH, 2001 ¢ SANTOS et al.,
2002 demonstraram que étrios direitos isolados de ratos submetidos ao estresse por chogque
nas patas foram supersensiveis 4 isoprenalina e ao TA2005, agonista seletivo de
adrenoceptores 3, como conseqieéncia de aumento da expressdo deste subtipo de
adrenoceptores.

Em feémeas, tanto MARCONDES (1995), utilizando estresse por natagio,
quanto VANDERLEI et al. (1996), que utilizaram estresse por choque nas patas,
observaram que apos trés sessdes de estresse, quando as ratas eram sacrificadas em diestro,
o tecido atrial apresentou subsensibilidade aos efeitos cronotropicos da noradrenalina.
Contudo, quando o sacrificio ocorren em estro, no foram observadas alteracdes de
sensibilidade do tecido atrial &s catecolaminas. Os autores concluiram que as alteragdes de
sensibilidade do tecido atnal, observadas em ratas submetidas a estresse por natacio ou
choque nas patas, sfo dependentes das fases do ciclo estral, além de confirmarem que tais
alteragdes ocorrem na vigéneia de niveis plasmaticos elevados de corficosterona
(MARCONDES, 1995; VANDERLEI et al., 1996).

Viérios outros autores também relataram alteragdes de sensibilidade adrenérgica
em tecido cardiaco isolado de animais submetidos a estresse por frio, restri¢io alimentar,
exercicio fisico, imobilizagdio, nataciio ou choque nas patas (U"PRICHARD e
KVETNANSKY, 1980; NOMURA et al., 1981, BASSANI e DE MORAES, 1987a ¢ b;
SPADARI e DE MORAES, 1988).

Com o prosseguimento dos trabalhos, ¢ a compreensio de que o esiresse
determina alteracdes de sensibilidade adrenérgica em tecido cardiaco, as quais estio
relacionadas com a resposta hormonal ao agente estressor, surgiu interesse em avaliar se
alteragOes semelhantes ocorreriam em outros tecidos que, reconhecidamente, sejam alvos
para a ac#o das catecolaminas.

Neste sentido, FARIAS-SILVA et al. (1999) demonstraram que as alteracoes de

sensibilidade da resposta adrenérgica causadas por estresse ocorrem também em adipdcitos
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epididimais isolados de ratos submetidos a trés sessdes de choque nas patas. Nestas celulas
adiposas ocorreu supersensibilidade ao isoproterenol ¢ & adrenalina e subsensibilidade a
noradrenalina e ao BRL37344 (FARIAS-SILVA et al,, 1999). A resposta analisada fo1 a
liberagdio de glicerol, a qual foi tomada como indice da lipdlise que ocorre em resposta as
catecolaminas.

Estes resultados conferiram importancia fisiologica consideravel ao fendmeno
descrito neste modelo experimental, pois sugerem que as alteragGes de sensibilidade
adrenérgica, induzidas por estresse, ndo se¢ restringem ao tecido cardiaco, mas que se
manifestam também em outros tecidos, € que as alteragbes cardiovasculares dele
decorrentes podem ser acompanhadas de alteragdes enddcrinas e metabolicas, com
repercussio sistémica.

Entretanto, restava demonstrar se as alteragoes de sensibilidade observadas in
vitro poderiam também ser observadas in vivo. VERAGO et al. (2001) utilizaram ratos
machos, alimentados e conscientes, apos terem sido submetidos a trés sessdes didrias de
estresse por choque nas patas, para estudar o efeito deste protocolo experimental sobre as
concentragdes plasmaticas de corticosterona, glicose, glicerol e triacilglicerois. Aqueles
autores mostraram que as concentragbes plasmaticas de corticosterona aumentaram
significativamente apds cada sessdo; as de glicerol néo se alteraram; as de tmacilglicerois
aumentaram apenas apds a 1° sessdo, e as concentragbes plasmaticas de glicose
aumentaram apés as 2° e 3% sessdes de choques nas patas.

A auséncia de alteragbes na concentragio plasmatica de glicerol apesar dos
niveis elevados de corticosterona e, provavelmente, de catecolaminas endogenas que se
segue ao estresse, foi curiosa, pois, se aceita que nestas condicdes, a lipolise esta aumentada
e que, como conseqiiéncia, a liberagdo de glicerol estaria elevada Assim, estes dados
sugerem que poderia haver um aumento do rurnover de glicerol em ratos submetidos a
estresse. Por outro lado, como as concentragdes de triacilglicerdis aumentaram apds a 1*
sessdo e as de glicose, apos as 2 e 3% sessbes, poder-se-ia sugerir que apos a 1° sessio de
choques, o glicerol liberado estaria sendo utilizado para a sintese de triacilglicerdis pelas
células hepaticas, mas que, com a repeti¢io de estresse, a fungdo hepdtica poderia estar
sendo redirecionada para a liberagio de glicose. Esta hipétese, entretanto, nfo foi testada.

Considerando que as alteragbes demonstradas em tecidos isolados de ratos
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submetidos a estresse se mostraram especificas, ¢ que o estresse por choque nas patas causa
alteragdes fisiologicas que apresentam repercussdes metabolicas e endécrinas possiveis de
serem demonstradas in vivo, o objetivo deste trabalho foi o de analisar a mobilizagio
metabolica em ratos submetidos a 50-60 minutos de natag@o de acordo com trés protocolos,
como s¢ segue: no grupo A os ratos foram submetidos a uma sessdo de 50 minutos de
nata¢do; no grupo B o tempo total de natacio de 50 minutos foi dividido em trés sesstes
didrias de 5, 15 e 30 minutos e no grupo C os ratos foram submetidos a cinco sessdes de
natacdo de 5, 15, 30, 45 e 60 minutos.

Em outro experimento, avaliamos o efeito da intensidade do estressor sobre a
mobilizagio metabolica. Este pardmetro foi determinado pela temperatura da 4agua no
tanque de nata¢fio, 35 ou 18°C (KONARSKA et al., 1989; 1990).

Os resultados obtidos foram organizados em dois manuscritos, um ji aceito

para publicagio e outro que serd enviado. Amboes sfo apresentados a seguir.



IL CAPITULOS

IL1. Effect of Swimming Session Duration and Repetition on Metabolic Markers in

Rats

Este trabalho foi aceito para publicagdo no periddico Stress, The International
Journal on the Biology of Stress.
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Effect of swimming session duration and repetition on
metabolic markers in rats.

Sampaio-Barros MM, Farias-Silva E, Grassi-Kassisse DM, Spadari-

PubMed Services Bratfisch RC.

The aim of this study was to investigate the profile of metabolites in male
rats subjected to 50-60 min of swimming on three protocols: group A, a
single 50 min swimming session; group B, one session a day for three days
(5 min on day 1, 15 min on day 2 and 30 min on day 3); and group C, one
session a day for 5 days, with increasing duration from 5 min on day 1, 15,
30, 45 and 60 min on consecutive days. The interval between sessions was
24 h. Measurements were made after the last swimming session. Controls
did not swim. The glycogen content of liver and gastrocnemius and soleus
muscle was depleted in the three groups that swam, but blood glucose
concentration was significantly increased only in group B. Serum lactate
concentrations were greater than the controls in groups A and B. There were
o significant increases in serum free fatty acid concentrations in all groups that
FTES Ty swam. The increases in plasma free fatty acids may have resulted from
lipolysis stimulated by endogenous catecholamines in groups A and C, since
basal lipolysis measured in vitro was unchanged by swimming. The large
increase in basal lipolysis in group B may have contributed to the rise in
plasma free fatty acids. Adipocytes from rats in groups A and B were
supersensitive to epinephrine, whereas those from group C were not. We
conclude that the metabolic alterations were less pronounced after the last of
five swimming sessions over 5 days than after a single session, even though
session duration and the contribution of the physical component were
similar. Glucose mobilization, but probably not utilization, was similar in
the three groups that swam. The mechanisms of lipid mobilization from
adipose tissue differed, depending on the stress paradigm. The metabolic
changes in groups A and B indicated that three daily swimming sessions
were insufficient to cause adaptation. The results contrast with previous
findings for foot-shock stress, which leads to sensitization rather than
adaptation in response to repeated stimuli.
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ABSTRACT

The aim of this work was to investigate the profile of metabolites in rats submitted to 50-60
min of swimming in three protocols: group A, a single 50 min swimming session; group B,
three sessions one on each day for three days (5 min on day 1, 15 min on day 2 and 30 min
on day 3); and group C, one session a day, with increasing duration from 5 min on day 1 to
15, 30, 45 and 60 min on consecutive days. The interval between sessions was 24 h. The
glycogen content of liver and gastrocnemius and soleus muscle was depleted in the three
groups, but glycaemia was significantly increased only in group B. Serum lactate
concentrations were higher than the controls in groups A and B. There were significant
increases in the serum free fatty acid concentrations in all groups. The increases in plasma
free fatty acids could be a consequence of lipolysis stimulated by endogenous
catecholamines, at least in groups A and C, since basal lipolysis remained unchanged after
swimming. The large increase in basal lipolysis in group B could contribute to the nise in
plasma free fatty acids. Adipocytes from rats in groups A and B were supersensitive to
epinephrine whereas those from group C were not. We conclude that the metabolic
alterations were less pronounced after five swimming sessions than after one session, even
though session duration and the contribution of the physical component were similar. The
glucose mobilization, but probably not use, was similar in the three groups. The
mechanisms of lipid mobilization from adipose tissue differed, depending on the stress
paradigm. The metabolic changes in groups A and B indicated that three swimming
sessions were not enough to cause adaptation, in contrast to foot-shock stress which leads
to sensitisation rather than adaptation in response to repeated stimuli.

Keywords: adipocytes, free fatty acid, glycaemia, stress
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INTRODUCTION

The cardiovascular system and metabolic pathways are important targets for several stress
hormones. The consequences of stress in cardiac tissue depend on the type of stressor.
Thus, swimming stress reduces the chronotropic responses mediated by B;-adrenoceptors
(Spadari and De Moraes, 1988; Marcondes e al., 1996) in right atria from rats. In contrast,
foot-shock stress enhances the responses mediated via Pr-adremergic receptors as a
consequence of increased fr-adrenoceptor expression (Vanderlei et al., 1996; Spadari-
Bratfisch ef al., 1999; Santos and Spadari-Bratfisch, 2001; Santos ef al., 2002) and also
decreases the response to norepinephrine that is mediated by $1-adrenoceptors (Vanderlei ef
al., 1996). Adipocytes from foot-shock stressed rats show enhanced and reduced lipolytic
responses mediated by B,- and B;-adrenoceptors, respectively (Farias-Silva ef al., 1999).
Foot-shock stress also causes important metabolic alterations which do not adapt to
repeated stress (Verago et al., 2001).

Since swimming stress appears to be milder than foot-shock stress based on the changes
those stressors produce in cardiac function and in plasma corticosterone levels (Marcondes
et al., 1996), we hypothesized that the adaptive mechanisms triggered by swimming could
be different from those triggered by foot-shock stress, and that the metabolites formed
would vary according to the swimming stress paradigm.

To test this hypothesis, we evaluated several metabolic parameters in rats submitted to 50-
60 min of swimming in three protocols. In group A, the rats were submitted to one 50 min
swimming session; in group B, the total 50 min swimming time was divided into three
sessions of 5, 15 and 30 min; in group C, the rats were submitied to five swimming sessions

of 5, 15, 30, 45 and 60 min, once a day on five consecutive days.
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MATERIALS AND METHODS

Animals

Forty-seven male Wistar rats (Rattus norvergicus) weighing 250-360 g at the beginning of
the experiments were used. The animals were housed individually in cages (30 cm x 18 cm
X 20 cm) at 22°C, on a 12 h light/dark cycle with lights on at 6:30 am. Standard laboratory
chow and tap water were available ad libitum. During the experiments, the rats were cared
for in accordance with the principles for the use of animals in research and education, as
laid down in the Statement of Principles adopted by the FASEB Board. The institutional

Committee for Ethics in Animal Experimentation approved the experimental protocols.

Experimental Groups

Rats were subjected to swimming sessions in a cylindrical plastic compartment (40 cm
inner diameter and 60 cm high) filled to a height of 40 cm with water at 35 + 0.5°C. The
swimming sessions lasted from 5 to 60 min, according to three protocols: group A — a
single 50 min swimming session (physical and emotional stress), group B - three sessions,
one per day for three days, with sessions lasting 5 min on day 1, 15 min on day 2 and 30
min on day 3 (lower physical and emotional stress), and group C - one session per day, with
increasing session duration from 5 min on day 1 to 15, 30, 45 and 60 min on consecutive
days (low emotional stress but the same physical component as in group A). The increase in
sesston duration was designed to increase the workload. The swimming sessions occurred
between 7:30 a.m. and 11:00 a.m., and the interval between sessions was 24 hours. After
each swimming session, the rats remained in a warm room until they were completely dry

and were then returned to their cages. Rats not submitted to any swimming sessions were
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used as controls.

Body and Tissue Weights

The rats were weighed immediately before the last swimming session. After swimming, the
rats were sacrificed by a blow to the back of the head and exsanguinated. White adipose
epididymal, perirenal and mesenteric pads and the adrenal glands were dissected and

weighed.

Serum Glucose and Free Fatty Acid Levels

Blood was collected from trunk vessels into glass tubes and allowed to clot at room
temperature. The serum was stored at -80°C until used. Serum glucose (Trinder, 1969) and
free fatty acid (Regouw et af., 1971) levels were determined and the results were expressed

in mg/dL and mmol/L., respectively.

Hepatic and Muscle Glycogen Content

Samples of liver (L), soleus muscle (S), white (WG) and red (RG) portions of
gastrocnemius muscle, and left ventricle apex (V) were obtained to determine the glycogen
content according to Lo ef ol (1970) with minor modifications. Following collection, the
tissues were frozen in liquid nitrogen and then stored at -80°C. The liver and muscle
samples were weighed and immersed in 30% KOH saturated with Na,SO,. Ninety-five
percent ethanol was added to precipitate the glycogen from the alkaline digestion. The
samples were centrifuged and the supemnatants were carefully aspirated. The pellets were
dissolved in a mixture of distilled water, phenol (5%) and concentrated H,SO,. The
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absorbance was read in a Reckman DU®-640 spectrophotometer (Fullerton, CA, USA) and

the results were expressed in mg of glycogen/100 mg wet weight of tissue.

Blood Lactate Determination

Blood samples were collected from conscious rats before and after each swimming session
by an incision at the tip of the tail. The blood was collected in heparinized capillary tubes
(32 ul) and transferred to BM-Lactate strips (Roche Diagnostics GmbH, D-68298,;
Mannheim, Germany). The biood lactate level (mmol/1.) was determined in a reflection

photometer (ACCUSPORTS, type 1488767, Boehringer, Mannheim, Germany).

Adipocyte Preparation and Lipolysis Measurements

Rats were sacrificed as described above and the epididymal white adipose tissue was
removed. Lipolytic activity was studied in isolated fat cells obtained according to the
method of Rodbell (1964), with minor modifications (Farias-Silva er af., 1999, 2002).
Krebs-Ringer bicarbonate buffer (KRBA) containing bovine serum albumin (3%),
glucose (6 mM) and HEPES (10 mM), adjusted to pH 7.4 with 1 M NaOH immediately
before use, was used. After treatment with collagenase (1 mg/ml), isolated fat cells were
filtered through a nylon mesh, washed three times and the packed cells were brought to a
suitable dilution with KRBA. The cells were incubated in plastic vials with gentle
shaking in a water bath at 37°C for 60 min. Pharmacological agents at suitable dilutions
were added to the cell suspension just before the beginning of the assay to obtain a final
volume of 1 ml. Concentration-response curves for norepinephrine and epinephrine (0.1

nM - 10 pM ) were obtained in isolated adipocyies. In each series of experiments, two
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vials of cells received no lipolysis stimulant in order to determine basal lipolysis while
two other vials received 1 mM dibutyry} cyclic AMP in order to determine maximum
lipolysis (Morimoto et al., 2001). Aftera 45 min incubation, the tubes were placed in an
ice bath and 200 pi aliquots of the infranatant were taken for the enzymatic determination
of glycerol (Wieland, 1957), which was used as an index of fat cell lipolysis. Total lipids
were determined gravimetrically after extraction {Dole and Meinertz, 1960). The
absorbances were read in a Beckman spectrophotometer and the results were expressed
in pmol of glycerol released in 60 min/100 mg of total lipids.

The maximum response to agonists was obtained when two consecutive concentrations
differing by 0.5 log units caused no additional lipolysis. The concentration of agonist
causing 50% of the maximum Lipolysis (ECso) was calculated and expressed as pD»
values (-log ECso). Calculations were done by using Prism Graph Pad Software (San

Diego, CA, USA) and Systat 5.03 for Windows (Evanston, [L, USA).

Drugs and Chemicals
Glycine, heptane, isopropanol and sulfuric acid were from Merck KgaA (Darmstadt,
Germany). Adenosine 5’-triphosphate (ATP), bovine serum albumin (fraction V),
collagenase type I from Clostridium histolyticum, dibutyryl cyclic AMP, epinephnne, a-
glycerophosphate dehydrogenase type 1 from rabbit muscle, glycerokinase from
Geotrichum candidum, B-nicotinamide adenine dinucleotide (B-NAD) and (-)
norepinephrine, were from Sigma Chemical Company (St. Louis, MO, USA). Hydrazine
hydrate was purchased from Vetec (Rio de Janeiro, RJ, Brazil). The serum glucose kit was

purchased from Laborlab (Guarulhos, SP, Brazil) and the serum free fatty acid kit was
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provided by Waco Chemicals Gmbh (Neuss, Germany). The chemicals used for buffer

preparation were of analytical grade.

Statistical Analysis
The results are presented as the means £ SEM for the number of rats indicated. The data
were analysed by one-way analysis of variance (ANOVA) followed by Fisher’s test.

Differences were considered significant at p < 0.05.
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RESULTS

The body weight of control rats (360 * 14 g, p=9) was not significantly different from that
of rats which had swum 50-60 min in one (group A, 331 £+ 9 g, n=12) or three (group B,
347 + 8 g, n=13) sessions or from rats that were adapted to swimming (group C, 337 + 12
g, n=13). The wet weights of the epididymal, perirenal and mesenteric adipose pads and the
adrenal glands were not altered by swimming (data not shown).

There was a significant decrease in the glycogen content of hepatic tissue and of
gastrocnemius and soleus muscles in groups A, B and C compared to the controls. There
were no changes in the left ventricle glvcogen content (Table 1).

There was a significant increase in the blood glucose levels of rats in group B compared to
the controls. In contrast, there were no significant changes in groups A and C (Table 2).
The blood lactate levels increased significantly in groups A and B, but not in C, compared
1o the controls. In all three groups, serum free fatty acid levels were significantly higher

after swimming (Table 2).

The basal lipolysis in adipocytes isolated from rats in groups A and C was not significantly
different from the controls, but was higher than the controls in adipocytes from rats in
group B. The lipolysis stimulated by dibutyryl cyclic AMP was similar in all groups (Table

3).

Dose-response curves to the endogenous catecholamines norepinephrine and epinephrine
were obtained in adipocytes isolated from control and swimming rats. There were no
differences in the sensitivity {(pD» values) to norepinephrine among the groups or in the

maximal lipolysis stimulated by any of the catecholamines (Table 4). However, adipocytes
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from rats submitted to one 50 min swimming session (group A) or three sessions of 5, 15
and 30 min duration (group B) were supersensitive to epinephrine, with the dose-response
curves 1o this non-selective adrenoceptor agonist being shifted to the left by around 15-fold
in group A (p<0.05) and 9-fold in group B (p<0.05). The sensitivity to epinephrine of
adipocytes from group C rats was not significantly different from that of control rats (Table
4).
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DISCUSSION

As shown here, there were no significant changes in body weight, adipose tissue depots or
adrenal gland weight after any of the swimming protocols used. Considering that food was
available ad libitum, and that the rats were exercised for up to five days, the lack of change
in body weight was not unexpected. Body weight aiterations have been reported in rats with
attached weights during swimming and submitted to 2-3 h swimming sessions for 7 to 11
weeks, in association with food restriction (Bukowiecki ef al., 1980; Walberg er al., 1983;
Wilmore, 1983; Goodpaster ef ol., 1999).

The givcogen content of the liver, gastrocnemius muscle and soleus muscle decreased in
the three experimental groups. This indicates that the slow (type I fibres of soleus muscle
as well as the fast (type lia and IIb) fibres of red and white gastrocnemius muscle,
respectively, were recruited. These data agree with those reported by Calil er al. (2002)
who demonstrated that the glycogen content of liver, and of gastrocnemius and soleus
muscles decreased significantly in rats after deep water swimming, such as used here.
During the swimming sessions, the rats exhibited vigorous paddling behavior alternating
with short periods of immobility. The soleus and gastrocnemius muscles were used in the
legs movements needed to keep their heads above the water. In contrast, when the rats were
made to swim in shallow water so that they could simultancously touch bottom with their
feet or tail in order to keep their heads above water without swimming, the liver and muscle
glycogen content was unaltered (Calil ez af., 2002), probably because of the longer periods
of immobility (Abel, 1994).

Whereas muscle glycogen is the major local source of carbohydrates in high intensity

exercise, blood glucose is essential in low intensity exercise (Covle et al., 1991; Stanley
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and Connett, 1991). Hepatic glucose release occurs immediately after the start of exercise
(Dudley et al., 1982; Wasserman, 1995) and depends on the intensity of muscle contraction
(Christensen and Galbo, 1983; Yakovlev and Viru, 1985; Jansson et al., 1986; Spriet ef al.,
1988: Ren and Hultman, 1990). Although liver glycogen decreased to a similar extent in
groups A, B and C compared to the controls, the blood giucose level increased significantly
only in group B and was not different from the controls in rats from groups A and C. The
serum levels of free fatty acids increased similarly in the three groups. However, in group B
rats, the basal lypolisis in isolated adipocytes and the sensitivity to adrenaline were
enhanced. Thus, the use of lipid metabolites by peripheral tissues would save glucose and
Jead to increased glycaemia in this group. This hypothesis and its underlying mechanisms
remain to be confirmed.

The serum lactate concentration was higher than the controls in groups A and B, with no
significant change in group C. Anaerobic metabolism predominates at the beginning of
exercise and aerobic metabolism after 30 min of low intensity exercise (Wasserman ef al.,
1973; Brooks, 1985; Ryan et al., 1993; Gleeson, 1996). Hence, the longer duration of
exercise in group C compared to group B would explain this difference. However, in
groups A and C, the duration of exercise was similar but the blood lactate concentrations
were different. In rats from group A, the stress of being in the water for the first time
probably interfered with their metabolism and led to the accumulation of lactate in the
blood. Previous work has shown that in rats made to swim for 30 minutes in the first
session the plasma norepinephrine and epinephrine levels were 3- and 4.5-fold above basal
values, respectively. In contrast, in rats made to swim for the 27th time, plasma

catecholamine responses were reduced compared to the first session (Konarska et al.,
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1990). The plasma corticosterone levels were also higher after the first than after the third
swimming session (Spadari er al., 1988), suggesting that the endocrine response to
swimming stress can adapt to repefition.

During prolonged low intensity exercise, fat metabolism is greater than that of carbohydrate
(Gollnick and Saltin, 1988; Holloszy, 1990; Ladu ef al., 1991). As shown here, there were
significant increases in the serum free fatty acid concentrations in the three experimental
groups, indicating that lipid mobilization had already started. The increases in serum free
fatty acids could be a consequence of lipolysis stimulated by endogenous catecholamines,
at least in groups A and C, since basal lipolysis remained unchanged after swimming. In
group B, the large increase in basal lipolysis could contribute to the rise in serum free fatty
acids. In addition, adipocytes from group A and B rats were supersensitive to epinephrine.
These data indicate that the sensitivity of the response mediated by pB,-adrenergic receptors
is enhanced in these groups since the affinity of PB,-adrenergic receptors is greater for
epinephrine than for norepinephrine. In this context, glucocorticoids have been shown to
differentially regulate B-adrenergic receptors in 3T3 cells by enhancing the expression of
B,-adrenergic receptors, but repressing that of f;- and Bs-adrenergic receptors (Feve et al,,
1990 1992; Strosberg and Pietre-Rouxel, 1996). Increased sensitivity to isoprenaline and
adrenaline, as well as subsensitivity to norepinephrine, have been reported for adipocytes
isolated from rats submitted to foot-shock stress (Farias-Silva ef al., 1999). The
supersensitivity to isoprenaline was abolished by ICI118,531, a B.-adrenergic receptor
antagonist and by treating the rats with RU-37344, an antagonist of glucocorticoid
receptors (Rahnemaye et al., 1992). Although we have not investigated the mechanisms

underlying the supersensitivity to epinephrine in groups A and B, an increase m the
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expression of B-adrenergic receptors induced by the high corticosterone plasma levels
(Spadari er al., 1988) in these rats could be a plausible explanation.

In conclusion, our data show that the metabolic alterations were less pronounced after five
swimming sessions than after one session, even though session duration and the
contribution by the physical component were similar. The glucose mobilization, but
probably not use, was similar in the three groups. The mechanisms of lipid mobilization
from adipose tissue differ depending on the stress paradigm. The metabolic changes
groups A and B indicated that three swimming sessions were not enough to cause
adaptation, in contrast 10 foot-shock stress which leads to sensitisation rather than

adaptation in response to repeated stimuli.
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Table 1. Glycogen concentration (mg/100 mg) in hepatic tissue, soleus muscle, white
(WG) and red (RG) portions of gastrocnemius muscle, and left ventnicle of control rats and
rats submitted to 50-60 min of swimming in one session (group A), in three sessions of 5,
15 and 30 min (group B) or after a period of adaptation in which the session duration was

progressively increased from 5 to 60 min (group C).

Groups
Tissues Control A B C
Liver 521+080 2.69+0.68" 332+040" 351+024"
Soleus muscle 037+006 0.16+£005" 024 +004" 025+003"
RG 043+0.06 011003 * 0.11+0.01* 0.076 £ 0.007 *
WG 0.56 % 0.06 0.11+004 * 0.15+002* 022+003*
Ventricle 0.18+0.02 0.13+0.01 0.18+0.03 021+0.02
N 11 7 7 7

The values are the mean = SEM; n — number of rats; * p < 0.05, compared to control

(ANOVA plus Fisher’s test).
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Table 2. Plasma glucose (mg/dL), blood lactate (mmol/L) and serum free fatty acid
(FFA, mmol/L) levels in control rats and in rats submitted to one 50 min swimming
session (group A) or to three (group B) or five (group C) swimming sessions of 5, 15,

30, 45 and 60 min duration.

groups glucose Lactate free fatty acid
control 1188 +7.1(6) 1.95+0.24(6) 0.62+0.07 (5)
A 127.2 £6.7(7) 293 +£035(4)* 1.10+0.06 (4)*
B 1599+ 8.8 (T)* 2.88£0.26 (8)* 1.03+0.13 (4)*
C 1149 +54(7) 2.40+0.26 (5) 1.20+0.11 (4)*

The values are the mean + S.E.M.; number of rats is shown in parentheses;

* p < 0.05, compared to control (ANOVA plus Fisher’s test).
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Table 3. Basal glycerol release and response to 1 mM dibutyryl-cAMP (umol of glycerol/

100 mg total lipids in 60 min} in adipocytes isolated from control rats and from rats

submitted to 50-60 min of swimming in one session (group A), in three sessions of 3, 15

and 30 min (group B), or after a period of adaptation in which the session duration

increased progressively (3, 15, 30, 45 and 60 min, group C).

control A B C
Basal 0.55+0.13 0.44 £0.08 1.45+0.19* 0.78 £0.23
(%) (12) (5) (12)
dibutyryl-cAMP 1.46 +0.34 1.38£0.17 1.73+£0.14 1.03 £0.06
4 (11) (7 (N

The values are the mean + S.EM. of the number of rats in parentheses;

* p < 0.05, compared to the control group (ANOVA plus Fisher’s test).
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Table 4. The pD; values and maximum responses (MR) to norepinephrine and epinephrine

1n epididymal adipocytes isolated from control rats and from rats submitted to 50-60 min of

swimming in one session (group A), in three sessions of 5, 15 and 30 min (group B), or

after a period of adaptation in which the session duration was progressively increased (5,

15, 30, 45 and 60 min, group C).

Control

norepinephrine

pD: MR
6.55+0.38 1.47+0.27

(7 9
6.61+0.27 1.62 £0.33

(6) (6)
6.67+0.15 1.56 £0.09

(6) (7
7.21+026 1.18+0.18

(8) (6)

Epinephrine

pD: MR
5.56 +0.26 1.33+0.19

(3) (8)
6.75+0.14" 1.63+0.18

(11 (11
6500337 1.58£0.12

{6) (7)
6.12+027 1.36+0.18

(14) (14)

MR was expressed in umol of glycerol/100 mg total lipids in 60 min: the values are the

mean + S.E.M. of the number of rats in parentheses; * p < 0.05, compared to the control

(ANOVA plus Fisher’s test).
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Abstract

We evaluated the effect of water temperature, as a determinant of stress intensity, on
metabolic markers in rats submitted to three swimming sessions of 5, 15 and 30 minutes at
35°C or 18°C. Immediately after swimming sessions at 35°C rats were homeothermic (37.6
+ 0.2°C) compared to control (37.1 + 0.1°C) whereas rats swimming at 18°C showed
hypothermia (24.1 + 0.6°C). The glycogen content of liver, soleus and gastrocnemius
muscles was decreased after swimming at 35°C. In these rats, blood glucose, lactate and
free fat acids (FFA) concentrations were significantly higher than control. In rats swimming
at 18°C the glycogen content of gastrocnemius muscle were decreased but not in liver,
soleus muscle or ventricle. Glycaemia were not altered compared to control in these rats,
whereas blood lactate and FFA concentrations were significantly higher than control and
than rats swimming at 35°C. Basal lipolysis was increased in adipocytes isolated from both
groups, as well as the sensitivity to epinephrine. Those two combined factors might
contribute to the increase in plasma FFA levels considering that the plasma levels of
epinephrine and norepinephrine were higher in rats swimming at 18°C than rats swimming
at 35°C and than control rats. We conclude that swimming at 35°C causes substrates
mobilization and metabolism mostly guaranteed by the higher plasma levels of epinephrine,
norepinephrine and corticosterone. These metabolic alterations allow the animal to keep
homeothermy and normal plasma glucose levels. However, swimming at low temperature
impaired carbohydrates mobilization and glucose aerobic metabolism, then causing
increased serum lactate and FFA levels although plasma levels of catecholamines were
higher than in the other groups. Those alterations are not sufficient to avoid hypothermia.

Keywords: adipocytes, metabolic markers, cold-swimming stress.
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INTRODUCTION

The cardiovascular and the metabolic systems are important targets of the catecholamines
and glucocorticoids, being profoundly affected during stress.

We have previously reported that adipocytes isolated from the epidydimal depots of rats
submitted to foot shock stress showed supersensitivity to isoprenaline due to an increase in
the participation of the f;-adrenoceptors in the lipolytic response to catecholamines as well
as a decrease in the response mediated by {3,-adrenoceptors, since the sensitivity to
norepinephrine was lower than control (Farias-Silva er af., 1999). Additionally, the
metabolic response to foot shock stress increased with stress repetition rather than habituate
causing progressively increasing plasma levels of glucose (Verago ef al., 2001) together
with adipocytes subsensitivity to insulin (Farias-Silva ef al., 2002).

On the other hand, adipocytes isolated from rats submitted to three swimming sessions
were supersensitive to epimephrine, a non-selective B;-f,-adrenoceptor agonist, whereas the
sensiivity to norepinephrine was not altered (Sampaio-Barros ef al., 2003 in press). Those
results indicate that the alterations induced by foot shock stress are more pronounced than
those induced by swimming stress suggesting that foot shock is a more intense stressor for
rats than swimming, as previously proposed by Marcondes ef al. (1996).

In order to test the above mentioned hypothesis, in this paper we evaluated metabolic
markers in rats submitted to the same siressor, swimming, in two different intensities that
were determined by the water temperature, 35 and 18°C. The use of swim stress was
especially appropriate as changing the water temperaiure may modify the intensity of the

stressor. Indeed, Konarska er al. (1990) showed that the increase in the plasma levels of
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both catecholamines was higher when rats were submitted to swim in water temperatures of

18°C than 34°C.

MATERIAL AND METHODS

Animals

Male Wistar rats (Rattus norvergicus) weighing 250-360 g at the beginning of the
experiments were used. The animals were housed individually in cages (30 cm x 18 cm x
20 cmy) at 22°C, on a 12 h light/dark cycle with lights on at 6:30 a.m. Standard laboratory
chow and tap water were available ad libitum. During the experiments, the rats were cared
for in accordance with the principles for the use of animals in research and education, as
laid down in the Statement of Principles adopted by the FASEB Board. The experimental
protocols were approved by the institutional Committee for FEthics in Animal

Experimentation.

Experimental Groups

Naive rats were used as controls and were not submitted to swimming. The stressed rats
were submitted to one swimming session a day, in three consecutive days, in a cylindrical
plastic compartment (40 cm wide and 40 cm high) containing water at 35 + 0.5°C orat 18 +
0.5°C. The swimmi;g occurred between 7:30 am. and 11:00 am. and lasted 3, 15 and 30
minutes, respectively. After each swimming session, the rats colonic temperature was
measured by introducing the tip of a tele-thermometer (Yellow Springs Instrument Co.,
Inc., Yellow Springs, Ohio, USA) i the amimal rectus. Afier that, the rats remained in a

warm room until they were completely dry and then returned to their cages.
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Body and Tissue Weights

The rats were weighed immediately before the last swimming session. After swimming, the
rats were sacrificed by a blow to the back of the head and exsanguinated. White adipose
epididymal, perirenal and mesenteric pads and the adrenal glands were dissected and

weighed.

Serum Glucose and Free Fatty Acid Levels

Blood was collected from trunk vessels into glass tubes and allowed to clot at room
temperature. The serum was stored at -80°C until used. Serum glucose (Trinder, 1969) and
free fatty acid (Regouw et al., 1971) levels were determined and the results were expressed

in mg/dl and mmol/L, respectively.

Blood Lactate Determination

Tail blood samples were collected from conscious rats before and after each swimming
session. The blood was collected in heparinized capillary tubes (32 ul) and transferred to
BM-Lactate strips (Roche Diagnostics GmbH, D-68298; Mannheim, Germany). The blood
lactate level (mmol/L) was determined in a reflection photometer (ACCUSPORTS, type

1488767, Boehringer, Mannheim, Germany).

Hepatic and Muscle Glycogen Content

Samples of liver (L), soleus muscle (S), white (WG) and red (RG) portions of
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gastrocnemius muscle and cardiac left ventricle acme (V) were obtained to determine the
glycogen content according to Lo er al (1970) with minor modifications. Following
collection, the tissues were frozen in liquid nitrogen and then stored at -80°C. The liver and
muscle samples were weighed and immersed in a 30% KOH saturated with Na,SO,.
Ninety-five percent ethanol was added to precipitate the glycogen from the alkaline
digestion. The samples were centrifuged and supernatants were carefully aspirated. The
pellets were dissolved in a mixture of distilled water, phenol (5%) and concentrated H,SO,.
The absorbance was red in a Beckman DU®-640 spectrophotometer (Fullerton, CA, USA)

and the results were expressed in mg of glycogen/100 mg wet weight of tissue.

Adipocyte Preparation and Lipolysis Measurements

Rats were sacrificed by as described above and the epididymal white adipose tissue was
removed. Lipolytic activity was studied in isolated fat cells obtained according to the
method of Rodbell (1964), with minor modifications. Krebs-Ringer bicarbonate buffer
(KRBA) containing bovine serum albumin (3%), glucose (6 mM) and HEPES (10 mM),
adjusted to pH 7.4 with 1 M NaOH immediately before use, was used. After treatment with
collagenase (1 mg/ml), isolated fat cells were filtered through a nylon mesh, washed three
times and the packed cells were brought to a suitable dilution with KRBA. The cells were
incubated in plastic vials with gentle shaking in a water bath at 37°C for 60 min
Pharmacological agents at suitable dilutions were added to the cell suspension just before
the beginning of the assay to obtain a final volume of 1 ml. After a 45 min incubation, the
tubes were placed in an ice bath, and 200 ul aliquots of the infranatant were taken for the

enzymatic determination of glycerol (Wieland, 1957), which was used as an index of fat
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cell lipolysis. Total lipids were determined gravimetrically after extraction (Dole and
Meinertz, 1960). The absorbances were red in a Beckman spectrophotometer and results

were expressed in pmol of glycerol/100 mg of total lipids in 60 min.

Drugs and chemicals

Glycine, heptane, isopropanol and sulfuric acid were purchased from Merck KgaA
(Darmstadt, Germany). Adenosine 5'-triphosphate (ATP), bovine serum albumin (fraction
V), collagenase type I from Clostridium histolyticum, dibutyryl cyclic AMP, epinephryne,
o-glycerophosphate dehydrogenase type 1 from rabbit muscle, glycerokinase from
Geotrichum candidum, B-picotinamide adenine dinucleotide (B-NAD) and (-)
norepinephryne, were purchased from Sigma Chemical Company (St. Lous, MO, USA).
Hydrazine hydrate was purchased from Vetec (Rio de Janeiro, R], Brazil). The serum
ghucose kit was purchased from Laborlab (Guarulhos, SP, Brazil} and the serum free fatty
acid kit was provided by Waco Chemicals Gmbh (Neuss, Germany). The chemicals used

for buffer preparation were of analytical grade.

Statistical Analysis
The results are presented as the means + SEM for the number of experiments (n) indicated
in parentheses. The data were analysed by one-way analysis of variance (ANOVA)

followed by Fisher’s test. Differences were considered significant at p < 0.05.
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RESULTS

The body weight of control rats (360 + 14 g) was not significantly different from that of
rats which had swum at 35°C (353 £ 8 g) or at 18°C (317 £ 20 g). The wet weights of the
epididymal, perirenal and mesenteric adipose pads and the adrenal glands were not altered
by swimming (data not shown). The deep body temperature of rats measured immediately
after 30 min swimming in water at 35°C was not altered (37.6 + 0.2°C p>0.05) but the
colonic temperature of rats swimming at 18°C (24.1 = 0.6°C, p<0.05, n = 4) was
significantly lower than control (37.1 £ 0.1°C, n = 4).

There was a significant decrease in the glycogen content of hepatic tissue, soleus and
gastrocnemius muscles from rats swimming at 35°C compared to the controls. However,
the glycogen content was not altered in these same tissues isolated from rats that had swum
at 18°C. The glycogen concentration was not altered in left ventricle from rats of both
experimental groups (Table 1).

Rats that had swum at 35°C showed a significant increase in the blood glucose and lactate
levels compared to the controls whereas glycaemia was not significantly altered in rats that
had swum at 18°C (Table 2). Serum free fatty acid levels were significantly higher after
swimming in both groups compared to the controls and they were even higher in rats

swimming at 18°C than at 35°C (Table 2).

Moreover, in rats swimming at 35°C, the blood lactate levels significantly increased
compared to the controls after each swimming session but the levels were higher after the
first (4.38 + 0.23 mmol/L) than the second (3.15 = 0.31 mmol/L) and the third sessions

(2.88 + 0.26 mmol/L). However in rats swimming at 18°C, blood lactate increased

43



significantly more after the third (4.46 £ 0.49 mmol/L) than the first swimming session

(3.63 £ 0.50 mmol/L).

The basal lipolysis was higher in adipocytes from rats swimming at 18°C or 35°C than in
adipocytes isolated from the control rats, whereas the lipolysis stimulated by d-butyril-

cyclic AMP was not altered by swimmmg (Table 3).

Dose-tesponse curves to the endogenous catecholamines, norepinephrine and epinephrine,
were obtained in adipocytes isolated from control and swimming rats. There were no
differences among the groups in the maximal lipolysis stimulated by any of the
catecholamines or in the sensitivity (pD> value) to norepinephrine (Table 4). However,
adipocytes from rats submitted to swimming at 35°C were supersensitive to epinephrine,
with the dose-response curves to this non-selective adrenoceptor agonist being shifted to
the left by around 10-fold related to the control (p < 0.05). The sensitivity to epinephrine of
adipocytes from rats swimming at 18°C was not significantly different from that of

adipocytes from the control rats (p > 0.05; Table 4).



DISCUSSION

The main focus of these experiments was to analyse the effects of stressor intensity on the
pattern of metabolites mobilization in rats submitted to intermittent stress. The use of swim

stress was especially appropriate as changing the water temperature may modify the

intensity of the stressor. Indeed, Konarska er al (1990) showed that the increase m the ... .

plasma levels of both catecholamines was higher when rats were submitted to swim in
water temperatures of 18°C than 34°C.

At the temperature of 18°C rats were not able to maintain their deep body temperature,
which drastically fell, whereas rats swimming at 35°C were able to maintain homeothermy.
The glycogen contents of the liver as well as soleus and gastrocnemius muscles were
depleted in the rats swimming at 35°C, but it was altered in gastrocnemius muscles of rats
swimming at 18°C.

It is well established that, during exercise, the oxidized carbohydrate to fat ratio increases
with intensity (Rominjn et a/., 1993; Gilbert er al., 2002).

In rats swimming at 35°C, there was a decrease in the glycogen concentration of the soleus
and gastrocnemius muscles confirming that both muscles have been recruited, since these
two muscles were used in the legs movements, essential to keep rats on water surface
during swimming. The soleus muscle is classified as a fatigue resistant muscle because of
their fibers oxidative capacity, with large mitochondria and high concentration of
myogiobin and capillaries (Bottinelli ez al., 1994). The RG type Ila fibbers are intermediate
between fast (type [Ib) and slow (type I) muscular fibbers. Its oxidative capacity increases

with training (Bonen et al., 1990; Pette and Staron, 1990; Pereira er al., 1992). White
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muscular type IIb fibbers are not fatigue resistant, since they are poor in mitochondria and
they have limited capacity for aerobic metabolism, being mostly anaerobic (McLane and
Holloszy, 1979; Green, 1986, Pette and Spamer, 1986). Although swimming is mostly a
low intensity aerobic exercise, those fibbers were probably recruited (Ryan er al., 1993)
since their glycogen stores were depleted.

Whereas muscular glycogen is the major local source of carbohydrates in high exercises
intensity, blood glucose is essential in low intensity exercise (Coyle et al., 1991; Stanley
and Connett, 1991). Tt is known that hepatic glucose release occurs immediately after the
exercise starts (Dudley ef al., 1982; Yamada ef al., 1993, Wasserman, 1995) and that it
depends on muscular contraction intensity (Christensen and Galbo, 1983; Yakoviev and
Viru, 1985; Jansson et al., 1986; Spriet er al., 1988; Ren and Hultman, 1990, Mora-
Rodriguez and Coyle, 2000). Liver glycogen was decreased only in rats swimming at 35°C
compared to control, whereas the glycaemia was not significantly different from control in
the rats swimming at 18°C, on the contrary, it showed a tendency, although non-significant,
to decrease.

In swimming both the swimming activity and oxygen uptake are directly related to the
water temperature (Harri and Kuusela, 1986). It is reasonable to assume that rats swimming
at 18°C are able to restrict their muscular work to the minimum during their repeated
hypothermic swimming sessions in order to abolish hypothermia, because the primary
factor affecting cooling rate in swimming rats is convection. This is most influenced by the
movement of the rat (Dawson et al., 1970).

Adaptation to cold include increased food intake and increase in both mass and metabolic

activity of brown adipose tissue, leading to an increase capacity for non-shivering
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thermogenesis, and maintenance of the stores of muscle glycogen and adrenal ascorbic acid
during cold exposure. These changes were associated with improved resistance to cold
(Harri and Kuusela, 1986; Prathima and Devi, 1999; Devi er al,, 2002).

Previous animal and human studies have recognized that both carbohydrate and fat
oxidation are enhanced duning cold exposure (for reviews see Jacobs erf af, 1994). In
particular, muscle glycogen appears to be an important energy substrate during shivering
thermogenesis, as evidenced by the 20% reduction in muscle glycogen during cold water
immersion (Martineau and Jacobs, 1989). However, although Martineau and Jacobs (1988)
established that intramuscular glycogen depletion is unlike to occur before the onset of
hypothermia in man, these researchers hypothesized that depleting the shivering
musculature of glycogen would adversely influence thermoregulation during cold exposure.
Indeed, when the availability of glycogen was lowered in the large muscle groups using a
combination of exbaustive exercise and a low-carbohydrate diet, there was a reduction in
the initial hot production and a faster core cooling rate during subsequent cold water
immersion, compared with a normal glycogen condition (Martineau and Jacobs, 1989).
Those rats swimming at 18°C showed a similar condition since they were not able to
mobilize their glycogen stores which were not depleted and as a consequence they were not
able to keep homoeothermy.

The studies by Weller et al. (1998) contrast with those suggesting that carbohydrate is the
main substrate oxidized in cold-exposed subjects. The reason for this difference is not
immediately apparent and may be related to the severity of the cooling stimulus.

Serum lactate concentration was 0.9-fold higher in the rats swimming at 35°C than it was in

control rats, and 2.3-fold higher than control in rats swimming at 18°C. Therefore, in rats
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swimming at 18°C there was a predominance of anaerobic metabolism with a high
production of lactate by the active muscles, the liver not being able to mobilize its glycogen
stores and to increase gluconeogenesis in order to keep glucose homeostasis.

Concerning to the fat metabolism, our results have shown that there were significant
increases in- serum free fatty-acids-concentration- in-both-experimental groups, ‘indicating
that lipids mobilization had already started. The increase in plasma FFA levels might be a
consequence of the increased basal lipolysis as determined in isolated adipocytes as well as
lipolysis stimulation by epinephrine and norepinephrine, which plasma levels are expected
to be high after a period of swimming (Ostman-Smith, 1979; Vallerand ef al., 1999).
Moreover, our results have show that adipocytes from rats submitied to swim are
supersensitive to epinephrine. Kornaska ef al. (1989) have reported that i rats exposed to
swim stress at 18°C for the first time, plasma levels of norepinephrine and epinephrine
peaked at levels that were 13-fold greater and 58-fold greater than baseline, respectively, at
15 minutes into the period of swim stress. Exposure to 34°C swim stress represented a
relatively mild stressor for laboratory rats. In rats stressed for the first time, plasma
norepinephrine peaked at 3-fold above basal values at 15 minutes poststress. In contrast,
epinephrine peaked at 4.5-fold above basal values at 15 minutes of homeothermic swim
stress.

The present results have shown that in adipocytes from rats submitted to swimming at 18°C
the sensitivity to norepinephrine or to epinephrine was not altered than control. Moreover,
as above cited those rats have higher plasma levels of norepinephrine and epinephrine. Both
factors contributing for the increase in the lipids mobilization and increased plasma free fat

acids levels.
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Concluding, our results show that rats swimming at 18°C were not able to keep
homeothermy probably because they are not able to mobilize carbohydrate substrates from
the liver and active muscles. Moreover, the carbohydrate metabolism is mainly anaerobics
producing high amounts of lactate. On the other hand, the fat mobilization is increased
since the basal lipolysis is-enhanced in those rats compared to controf and to rats submitted

to swimming at 35°C.
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Table 1. Glycogen concentration (mg/100 mg) in the liver, soleus muscle, white (WG) and

red (RG) portions of gastrocnemius muscle, and left ventricle of control rats and rats

submitted to three swimming sessions (5, 15, 30 minutes duration, respectively), at water

temperatures of 35°C or 18°C.

Groups
Tissues Control 35°C 18°C
Liver 521+£0.80 332 +040 * 498 +£048
Soleus muscle 0.37£0.06 024+0.04 % 0.31+0.01
WG 0.56 +0.06 0.15+0.02 * 023+0.06*
RG 043+0.06 011001 * 0.11+002*
Ventricle 0.18+0.02 0.18+0.03 0.20 £ 0.02
N 11 7 5

The values are the mean = S EM., N — number of experiments; * p < 0.05, compared to

control (ANOVA plus Fisher’s test).
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Table 2. Glucose (mg/dL plasma), lactate (mmol/L blood) and free faity acid (FFA,

mmol/L.) levels in control rats and in rats submitted to three swimming sessions (5, 15,

30 minutes duration, respectively), at water temperatures of 35°C or 18°C.

Control 35°C 18°C
Glucose 118.8+7.1 1599+ 8.8 * 91.7+169
(6) (7) 4
Lactate 1.95+0.24 288+026 4.46+049
(6) (8) (5)
FFA 0.62 £0.07 1.03+0.13 % 1.68+0.13
(5) 4) 4

The values are the mean * S EM. The numbers of experiments are shown in parentheses;

* p < 0.05 compared to control (ANOVA plus Fisher's test).
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Table 3. Basal glycerol release and response to 1 mM di-butyryl cAMP (umol

glycerol/100 mg total lipids in 60 min) in adipocytes isolated from control rats and rats

subjected to three swimming sessions with 5, 15 and 30 minutes duration, respectively, at

water temperatures of 35°C or 18°C.

Control 33°C 18°C
Basal 0.55+0.13 1454019 154+024
(5) (5 (7
Dibut-cAMP 1.46 +0.34 173+ 0.14 156 +0.13
4) . (8)

The values are the mean = S EM. of the number of experiments in parentheses;

* p < 0.05, compared to the control group (ANOVA plus Fisher’s test).

57



Table 4. The pD; values and maximum responses (MR) to norepinephrine and epinephrine
in epididymal adipocytes isolated from control rats and from rats subjected to three

swinumning sessions of 5, 15 and 30 minutes, respectively, at water temperatures of 35°C or

18°C.
Norepinephrine epinephrine

pD» MR pD: MR
Control 655+0.38 147 +£027 5.56 £0.26 1.35+£0.19

| (7) (7) (®) (8)
35°C 6.67+0.15 156+009 gs50+033% 1.38%0.12

(6) (7) © Y
18°C 653 +0.50 1.29 £0.21 6.38+£046 1.52+£0.25

Y (&) (8) (7

MR was expressed in umol glycerol/100 mg total lipids in 60 min. The values are the

mean + S.E M. of the number of experiments in parentheses; * p < 0.05 compared to the

control group (ANOVA plus Fisher’s test).

58



IIL. RESUMO DOS RESULTADOS E CONCLUSOES

Em ratos submetidos 4 natac3o em dgua a 35°C nossos resultados mostraram que:

LUF]

Niao houve alteragfio estatisticamente significativa na massa corporal ou nas massas
dos tecidos adiposos epididimal, peritenal e mesentérico, assim como das glandulas
adrenais dos ratos que nadaram 50 minutos em sessdo Unica (grupo A), trés sessdes

{grupo B) ou dos ratos adaptados & natagdo (grupo C).

Houve diminuicio do contetido de glicogénio hepatico e dos misculos soleo e
gastrocnémio nos grupos A, B e C comparados ao controle. Entretanto, ndo houve

alteracfio no conteudo de glicogénio no musculo cardfaco ventricular.

Houve aumento da glicemia nos ratos do grupo B comparados ao controle. A

glicemia ndo foi alterada nos grupos A e C.

A concentracio sangiiinea de lactato aumentou nos grupos A ¢ B mas néio aumentou

no grupo C, comparada com o grupe controle.

A concentragéo plasmatica de acidos graxos livres estava aumentada ap6s a natacio

nos trés grupos comparada com o controle.

A lipélise basal em adipécitos isolados de ratos dos grupos A e C ndo foi diferente
do controle, mas estava aumentada no grupo B. Entretanto, a lipolise maxima
estimulada pelo d-butiril AMPc ou por catecolaminas (noradrenalina ou adrenalina)

foi similar ao controle nos trés grupos.

Adipocitos 1solados de ratos submetidos a uma sessdo de natagiio de 50 minutos de

duragdo (grupo A) e a trés sessdes (grupo B) foram supersensiveis a adrenalina, com
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desvio a esquerda de 15 e 9 vezes, respectivamente, nas curvas dose-resposta. A
sensibilidade & adrenalina em adipécitos isolados de ratos do grupo C ndo foi

diferente do controle.

Estes resultados sugerem que as alteracGes em marcadores metabolicos induzidas por
natacdo dependem da repeticio das sessdes. Apos cinco sessbes de natagio as
alteracdes nos indicadores metabdlicos foram menos pronunciadas que apos uma
sessdo, embora a duracdo fosse similar, o que indica que o processo de adaptacio foi
iniciado naqueles animais submetidos a cinco sessdes de natagio. As caracteristicas
metabolicas dos grupos A (uma sessdo) e B (trés sessdes) foram similares, sugerindo
que trés sessdes de natagio ndo foram suficientes para causar adaptacio. Estas respostas
foram diferentes daquelas observadas em ratos submetidos a estresse por choques nas
patas, indicando que a resposta metabolica ao estresse ¢ especifica a cada um destes

diferentes estressores.
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Em ratos submetidos a natacdo em Agua na temperatura de 18°C os resultados mostraram

que:

1. Niao houve alterac@o estatisticamente significativa na massa corporal ou dos tecidos
adiposos epididimal, perirenal e mesentérico, assim como as massas das glandulas

adrenais.

2. Houve situacdo de hipoterrnia nos ratos que nadaram a 18°C, em relagdo aos

controles e aqueles que nadaram a 35°C.

3. Houve diminuigdo no contetido de glicogénio dos misculos gastrocnémio vermelho
e branco de ratos que nadaram a 18°C, embora a mesma tenha ocorrido também no
contetdo de glicogénio do figado e dos musculos séleo e gastrocnémio nos ratos

que nadaram a 35°C, comparados aos controles.

4. A glicemia ndo for alterada nos ratos que nadaram a 18°C. Houve aumento da

glicemia nos ratos que nadaram a 35°C comparados aos controles.

5. A concentra¢do sangiiinea de lactato aumentou em ambos os grupos comparados
com o grupo controle, sendo que a 35°C houve menor aumento destes niveis que a

18°C.

6. A concentra¢do sérica de acidos graxos livres estava aumentada apds a natagio em

ambos 0s grupos, comparados com o controle.

7. A lipélise basal em adipdcitos isolados estava aumentada em ambos 08 grupos em
relagio ao controle. Entretanto, a lipdlise méaxima estimulada pelo d-butiril AMPc

ou por noradrenalina ou adrenalina foi similar ao controle em ambos.

8. Adipocitos isolados de ratos submetidos a trés sessdes de natagio em agua a 35°C
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foram supersensiveis a adrenalina, com desvio a esquerda de 9 vezes na curva dose-
resposta a este agonista em relagdo ao controle. A sensibilidade & adrenalina em

adipdcitos isolados de ratos que nadaram a 18°C ndo fo1 diferente do controle.

Nossos resultados sugerem que as alteracdes em marcadores metabolicos induzidas por
natagdo dependem da intensidade do estresse, aqui determinada pela temperatura da
agua. Em ratos submetidos 4 natagiio em temperatura baixa houve bloqueio da
mobilizacio de carboidratos e do metabolismo aerébio de glicose, causando aumento
das concentracdes plasmaticas de lactato e acidos graxos livres, além de aumento da
lipolise basal.
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poral, mas pouto se sabe sabre os mecanismes prvol-
vidas. O presente estudo tem por ebietvo determinar
s efeitos daimibigdo da ANOS na termoregulacss.
Meétodos e Resuitadoes: Nos usamos 7-miroindazole
{7-MB, um rbidor seletive da nNGS 11, 100 30 gl
kg peso corporal) injetado intraperdonealmense e
ANETIAS NOIMOLEITICOS @ angmas cam lebre ngdy nda
pela administracio de kpopolissacariden LPS), 100 Y
kg. Em todos expenmenios a lemporatura relal tos
raios foi medida por um periodo Jde 5 horas apos o
injeqao miraperitoneal 3 cada intervale de 15 msu.
tos. Quando 1 rng/kg de 7-Ni foinjelado chservou-se
um decrésaima nao sigruficativo ¢a temperpura coe
porai, enquanto com 10 e 30 meAg de 7-Ni foi obsor-
vado um decrestimao sgrificalvg da temperaturg cor
poral (P<0.05). Nés observamos gue a iryecio do 7N
nduz uma hepotermed dose-dependenio por 3 horas
apds & injecic. Pord se determenar se o - nfluenoia
Cauments da temperaturd carporal nduzida pela ne
jecao witapenioneal de LPS, nés co-njetamos 30mg/
kg de 7-Nicom 100 - g/kg de LPS. & commpecdo de
LPS 2 7-NEseguu com sgrulicante hipotermia 1P<0.02)
Conclusdo: £sles achados sugererm 3 parbicipacia da
isoforma nNOS na termoregulacdo ¢ na genese da
febre indundga por LPS,

Apcio Financeire: FAPESF ¢ CNPg.
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PARTICIPACAD DO OXIDG NITRIZO NO) NA LIBERA.
CAC DD PEETIDIO NATRIURE IO ATRIAL {ANP) £
OCITOCINA (OT) DURANTE C CHOGQUE SEPTICO EX-
PERIMENTAL. Leone, A EC. *, Antunes-Rodrigues, 1.
eléarnio, £.C. Escola de Enfermagem de Ribeirdo Pre-
1e/USP e Fac, de Medicina de Ribeirdo Preto/Use
introdugao: O chogue septico experimental caracte-
fiza-se por uma atentuada vasedilatagdo, cligiria nas
doze primeiras horas e nathurese nas doze horas see
uintes. Sabe.se que o hpopRoHSSICIriten (LPS) um
Lomponente gxterna da membrana ealerma de barté-
a5 gram-negalivg, aCiona MEeCanismas em cascata
levando a uma pradugso excessiva de oxide mitrice
(NC) e que o NO, além dé suas acoes direlas sobre a
musculatura vascular lisa, age também no controle
erdécring,

Cbietiva: O objetivo desse trabatho ¢ avaliar a libera-
<30 de ANP e OT durante o chogue séplico expert-
mental, induado vor LPS,

Metodolegra: Os animais receberam a admenistea-
S50 endovengsa de LPS (1.5 mo/&g) ou sating. Apos &
horas da administracac 05 ratos foram decapiados =
© sangue Coletado pora dosegem das concentracdes
plasmancas de ANP ¢ QT por rachoitnuncensag.
Resultades: Venficarnos que apss sos haras de ad-
MMSIraCa0 Yo LPS, 65 nivens plasmanoos de ANP gram
significalivamente (P<0.02) renores ¢ as concentra-
coes plasmaticas de OF significatvamente maores
{(P<0.0%) nos ratos 1ratados com LPS quando fempa-
radas 305 ratos controke,

Conclusdo; Esses dados sugerem que a oligusa
werificads durante as doze primeras horas de choque
-podern ser decorrentes dessas alteracdes na liberagio,

dessas dois hormdnios.
Apoig Financeiro: FAPESP ¢ Chig

08.052

EFEITO COMPARATIVO DO ESTRESSE POR CHOOUS
NAS PATAS OU NATACAC SOBRE A RESPOSTA
LIPOLITICA AS CATECOLAMINAS, Sampaig-Basros,
M.M.**, Fanas-Sdva, E.*~, Ferrera, RC.7*, Grassi-
Kassisse, D.M., Spadare-Bratfisch, R.C. Depio de Fisio-
logia e Biotisica, 1B/ UNICAMP, Campinas, 5P,

Objetiva:Comparar a resposta bipalitica 2 agonistas
adrenérgicos em agipdeitos brances LAR) de ratos sube
meandos a esiresse por chogue nas ;."atas Ou natagdo.
Métodos:Ratos Wistar, machos, aduitas foram sube
mendos a trés sessoes de choque Nas patas oy natar
$30 om dhas consaculives. Apds 3 Gitima wssde do
estresse, o5 ammas foram sacnficados e o teado
adipose epidicimal removido, Nos AB foram obudas
QUNVas dose-resposta para isoarenaiing (sol, BRLIT 14a

FeSBEDY

SADUMNGE (3], £ 3 1e5pesia 3 1M de d-buind-
AMPZ (d-but), A concentracdo de giiceral liberado
ol glicerel 100 mg lipideos 1o1aisdGO ming for con-
siderada como inthice de Sipdiise e as diderengas S
licativas o 5% (lestes: Anova / Fisher),

Resultados:

Tabely | Lberacdo Lasal e resposty oo d-but 1M
imedia - g

Cantrole Matagds Chogue

Basat 03%:007 09%9:026° 122:00%"
et mb: 1BP 2010 196 .01 27220135
Tabela 2. Valores pl, (modia = ppm),

Contrule Latagag Chague

BRL 3522018 54450352 34z 02ic
e T11:008 647:023° B35:007
nor 638:013 6612019 6359:009"
axir 558015 5482818 670z032
S_d.iE - _S_IUzUW -574:035 6365 054

Condluses: Miteragoos da espasia kyplitca ds
eatecalamings em AR e £3103 nuadas por piiregne
dependem do motlelo ve esiresse whzado sendo que o
ESURTLC DOT ChoGue Lem elenc tsas promuncads do que 4
AHACA0.

Apoio Finandeiro: FAPESP,

08.053

PAPEL DO LOCUS COERULEUS NA LIBERACAC DE
QOCITOOINA DURANTE A EXPANSAC DE VOLUME.
‘Redavaine, GV, 'Anseimo-Frandi, LA Franci, C R,
Depio de Fuioiogia, "FMRP-USE JFORP-USE
Objetivos: Dadas de nosss laboratorio demonstra.
r3m que & 12536 do Locus Coeruleus (LC) reduz a se-
crecao plasmalica de oitocing (OT) que beorre 3pds a
hemartagia. O objetvo deste trabatho foi estudar o
pRreoipagio do tC na secrecio de OF plasmatica e
50U Cconteudo ne nUCeo paraventricular (PVN) apas a
expansda te volume {Ev).

Métodos & Resuitados: Ratos Wistar, 24 horas apos
manpulacae rurgica tlesdo do LC oy operagde ficti-
Ud ¢ Canulacan ¢a vew ugular), feram submetidos 4
fetrada de 10% do volume total de sangue {6,7% do
PEs0 corporall aas 5 men anles e 205 S e 10 rmin apds
3 BV, imediatamente apds a5 coletas, o5 mesmos vo-
lumes foram reposios com Nagi §,9%. Aos 15 min
apos 3 £V, o3 ratos foram decapitados e vma quarta
amostya colhuda. O plasma foi separado e os cerebrgs
femovidos paca dissecao do PYN. A OT plasmatica e
ussular foi dosada por radicwnuncensaio. A concen-
rragao de OT plasmdtica aumentou § minglos apds a
EXPANSA0 Ug volume. Este sumento {01 ap redor de £
VEIES Para {0dos 03 grupes expenmentas, & N&o bou-
ve diferenca estatisticarmente sigreficante entre sles.
C contewds de OF no PYN Lambém for semeihante
em [odos 05 grunos estudados.

Médias e EPM das concentragdes de OT plasmatica
{pg/mi}

Gl 1 akntor 2% anunis 3" emntte LRt
Conteode (331 342257 17942243 126932187 697.484
Shain {9 297538 976226 10764260 S0d & 1%
imda () I1B e85 22034365 1961y 480 4413 s 269

Conciusées: A ativacso dos newrdnios dp PYN & con-
sequenie aumento de OT, causada pela BV, diferente-
mente da hemorragia, nao ¢ mediada pelo LC,
Apoio Técnico: Rute M. F. Marcon ¢ $Sdnia A, 2.
Baptista,

Apuic Financeirg; FAPESP

08.054

SECRECAQ DE CORTICOTROANA {ACTH] EM RESPOS-
TA AG ESTRESSE AGUDO APOS LESAD SELETIVA DF
NEURQNIOS PARVOCELULARES 5O NUCLEC
PARAVENTRICULAR {NPV} Caldeira, 1L+, Franc,
C.R2; IDepto de Fisiclogia da Fac, de Medicing de
Ribewrao Preto -USP. 1 Depio de Biologia Molecular ~
FAMERP

Objetivo: A secrecdo de ACTH em resposta ag esiresse
€ biogueada peintesdo eletrolitca do NEV mas regupes
r3-58 e QUATFO 3 sels semanas apas 3 lesdo por agde
de oulros fatores ou de horménio liberador de

obietivo foi verficar a secreqdo de ACTH om resposta
a¢ estresse apds a lesdo seletva de neurdnios
parvocslulares do NPV por acide iboiénico 1800
Métodos e Resultadas: Ratos Wistar (180-200g) o-
ram submetidos a lesdo seietiva do NPV peis
microinjecio de IBO (10 90,20 1) ou veicuio (salina
tamponada pH 7.4} nos controles. Apds trés sema-
nas, 05 animars 1oram submetidos 3o esiresse 3gudo
pein gxposic o a0 gter durante 1 minuto. O inicio ¢os
expenmentos for 3s 17:00 horas. Amastras de sangue
loram coletadas 30 minutosantes 2 2, 5, 15, 30e 50
MINULRS A0S 30 Bsiresse para dasagem de ACTH por
radiomunoensaio. Nio houve diferenga na concen-
tragdo basal de ACTH enire cantroles e lesados. A se-
crecdo de ACTH em resposia a0 esiiesse nos animais
lesatios 1o significativamente menor aos 2 minutos
N335 a Sequir, manteve-se mas elevada que o canlgie
ate o5 60 runulos.

Condlusges: A alividade do eixo Hipotilamo-Hipalse
pard a secrecds de ACTH é acompanhada de uma
hipersensibiidade 30 estiesse provavelmente pela su-
pressao ge algum outro fator de conlrole indaiono e
U PRLRNKIacA0 de algum fator excilaidnio.

Apoie Técnico - Sonia A, Zanon Baptista.

Suponte Financeiro - ChPg, FAPESE FINEP (PRONEX)

08.055

ETANOL CRONICO DIMINUIL O “BINDING® DO

[3H]PDBU £ A PRODUCAQ DE TESTOSTERONA £5TH

MULADA COM ATIVADORES DA PK.C EM CELULAS

DE LEYDIG ISDLADAS DE RATO. Xavier, M ME * <,

Udnsar, D.P, Wanderley, M., Depto de Fisiclogs e
Farmacologia, UFPE.

Objetivos: Uma das consequdncias bem conhecidas

do tratamente agudo ou Cranico Com etanoi em ratos
machas ¢ a redugdo direts da estercidogénese testi-

cular. Q envolimento da via de traducdo do smnal do
diacilghicerol/proteins quinasa € {DAGHK-C) na acdo
do etancl adicionado direiamente &s clutas de Leydig
isoladas, foi previamente demonsirado em nosso 1a-

boratrio. O propdsito do presente estudo for o de
comparar os efeitos da administragdo crdnica do etancl
sobre 0 "binding” do [3HIPDBU e 3 producio ge
fesiosterona estimylada com ativadeores da PK-C. em
células de Leydig isoladas.

Métodos e Resuitados: O3 animais foram tratados
com 2,5 o/kg de etanol, 25% vv em saling, via 1.pJ7
dias. Nos expenimentos de “binding” as células (6x 1067
0.5mi} foram incubadas com aproximagamenie
40.000 dpm [3HIPLBU e com diferentes concenira-
coes de POBu durante 20 minutos a 37 . Agus @
incubacso as <éluias foram centrifugadas (1.100g x
15 min, a 4 "C) 2 o precipitado de céluias ¢
sobrenadante separados para 2 centagemn da radiod-
thidate em contador do Gntilagso liquida. O etanal
reduzng a ligagdn do |3HIPDSU ein aproximad amente
38%. Para a produgac de testosterona foram utidiza-
das 0.2 x 106 cehdas/0,5 ml, as quais loram incuba-
das urante 3 hs com o5 seguintes atvadores da PK-
C: PDBU (200 nM), LHRH (10-7 M} e L-propranciot
{10-4 M. 1odos estimutadores da produgdo de
lestosterong. O etancd crénico inibiv em aproximada-
inente 30 % (i  estimulo - basal) o efeito estimuiatano
do PD8u e em apraximadamente 100 % (- estimuio
~ basal) o efeite estimuiatloric do LHRH e da
propranciol sobre a estergidogénese.

Conclusdo: C tratamento crdnico com etanol redu-
2L 3 gagan S0 [ 3MIPDBY e 2 produgdo de testosierons
em celulas de Leydig isoladas. A comparagio desses
resultados sugerem que a via de traducao de sinal do
DAG/PK-C pode estar afetads, pelo menos ern parte,
pela tratamenta ¢rénics com etanot,

Agpoio Financeiro: CNPg, PROPESO-UFPE
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EVALUATION OF THE HYPQOGLYCEMIC EFFECTS OF
MYO-INOSITOL IN ASSOCIATION WITH MANGANESE IN
DIABETIC RATS,

Aimeida, M.O., Pontes, C.K., Lamer, J., Fonteles, MC.
Clinicai Besearch Unit, UFC / UECe, Fortaleza, Ce, Brazi.

introduction and Goals: D-chirc-inositol {OCI) and 30
metnyi-DCI assacialed with Mo~ reduced giycamia similarly to
insulin mediater (Horm. Metab, Res.: inpress). Since myc-inasi-
101, an epimer of BCL is the nutriionally active form of inositol,
we decided to evaiuate the effects of myao-inpsitol and is inter-
setion with Mn- on reducing hypergiycemia. Methods: Wistar
rats were injgcled with strepiozotocin {(45markg). After 48h,
animals were anaesthatized and hypergiycemia (3412 1my/
o determined. NaCl 0.8% (n=7), myo-inositel Smg/kg {n=6)
and 15mgfkg {n=8) werg injected iv. as 3 bolus. In anotner
group, MnCl, 8 Jug/min (n=6) was infusedi.v. white myo-inosi-
1ol 15mgfkg was injected as a boius. Biood was sampled every
20rmin during 2h. Results: Myo-inositol Emg/kg preduced anon-
siornificant effect on plasma glucose. Otherwise, myc-inositod
15mgkg reduced glycemia 18% {p<0.05). The coadministration
of myg-inositol and Mo~ procuced & hypoglycemic effect of
297 wich was noi statisticafly difierent to that promoted solely
1y myo-inesitol 15mg/ig {p<0.05). Conclusion: Myo-inosital
was not favered by coadministration with Mn™, ingicating that
Ma nteracts specifically with DCi pernaps lo form a chemical

compiex with greater activiey.
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EFFECT OF SWIMMING STRESS ON LiPOLYTIC RE-
SPONSE TO CATECHOLAMINES.

Sampaio-Barros. MM, Farias-Silva, E., Grassi-Kass:isse.
D.M., Spadari-Bratfisch, R.C. Depte de Fisiciogia & Biofisica,
UNICAMP. Campinas, SP, Brasil

Goals: To evaluate the fipoiytic response 10 adrenertic
agornists in white epididymal adipocytes {WEA) trem strassed
rats, Methods: Wistar rats were submitted to one (1%}, 1hree
{3x}, of five (8x}; §, 16,30, 45 and 60 mir: duration Saiiy swim:
ming sessions, in water at 35°C. Rats were sacrificed and WEA
isotated. Dose response curves to iscprenaine {180), BRL
37344 (BAL), norepinephrine (NE}, epinephring (EP) and &
Butyryl-cAMP {¢-BUIT) were in vitro obtaired. Cefls glyceral re-
iease (molg0 min/100 mg toial tiids) was taken as lipolyss
index. Results: pD, values for control, 1%, 3x or 5x were
respectivelly, BRL: 854 £ 018 1815 & (.58 ; 8.43 = 0.52.
B54+059:1S0: 7.1 £0.08;7.1550.21, 8,472 0,227, 684 =
0.14:NE: 698 £0.13: 689 £0.18: 654 2019:7.27 2 0.38.
EBi 549 +0.13; 6.56 £0.05, 650 £ 0.50 570 £ 0.18. Com
clusion: This protoce! of swimming stress did nct induce any
aiteration in WEA sensilivity to 8-adrenergic agonists as tcess
in cardiac lissue or fkewise footshock stress {Cart. J. Physioi
Pharmacol. T7: 1-6, 1898; J. Lipid Res.40; 17181727 1588
Financial Sugport: FAPESF.
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EFEITO’ DA TEMPERATURA DA AGUA SOBRE INDICADORES
METABOLICOS. Sampaioc-Barros, M. M.” | Farias-Silva B Sourza, E-P.-M. " Zopol, R. C. .
Grassi-Kassisse, D. M. | Spadari-Bratfisch, R. C. ;| Fisiologia e Biofisica, UNICAMP; Fisiologia e
Biofisica - IB, UNICAMP; Fisiologia e Biofisica/IB, UNICAMP: LABEEST - Departamento Fisiologia
e Biofisica, UNICAMP |

Objetivo: Avaliar indicadores metabdlicos em ratos submetidos 3 natacSio em dgua a 35°C ou
18°C.

Métodos e Resultados: Ratos Wistar, aduitos foram submetidos a trés sessfes de natacdo a
35° C (A) ou 18°C (B}, em dias consecutivos. Apos a Gltima sessdo, foram sacrificados, sendo
removidas amostras: figado (GF) e miusculo séles (GS) para dosagem de glicogénio
{mg/100mag); sangue para glicose (mg/dL), lactato (mmol/L) e AGL {mmol/L.) e tecide adiposo
epididimal (TA) pare liberagdo basal e estimulada (1 mM d-butirii-AMPc /d-but} de glicerol
{mmol glicerol em 60 min/100 mg lipideos totais).

Resultados:

Tabela 1. Marcadores metabdiicos de ratos {média + epm}

Controle A B

GF 5,2120,80%(7) 3,32:0,40°(7) 498+0,48%(5)
GS 0,37=0,06%(7) 0,24+0,049(7} 0,31+0,01¢(5)
Glicose 118,8+7,1%(6) 159,948 8Y7) 91,7+16,9%(4)
Lactato 1,.9520,249(6) 2,8820,26"(8) 4460 49(5)
AGL 0.6240.07i(5) 1,030,13%(4) 1,680,13/(4)
TA/Basal 0,55=0,13M(5) 1,45+0,19%(5) 1,72+0,327(5)
TA/d-but

0.7820,13%(7)

1,73+0,14P(7}

1,48:0,179(5)

Conclusdes: A natacdo em temperatura baixa bioqueou a mobiiizacdo de carboidratos e o
metabolismo aerdbico de glicose que ocorrem quando a temperatura é de 35°C, causando
aumento do lactato e AGL no plasma, aléem de aumentar a lipdlise basal e a estimulada em
adipdcitos isalados.

Apoio Financeiro: FAPESP
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EFEITO DA DURACAO F DA REPETICAOQO DAS SESSOES DE NATACAO EM
INDICADORES METABOLICOS. sampsio-Barros, M. M.” - Farias-Silva, E. ; Grassi-Kassisse.
D. M. ;. Spadari-Bratfisch, R. C. ; Fisiologia e Biofisica - IB, UNICAMP, Fisiclogia e
Biofisica/IB, UNICAMP; LABEEST ~ Departamento Fisiclogia e Biofisica, UNICAMP .

Objetivo: Avaliar indicadores metabdlicos em ratos submetidos a 50-60 minutos de natagéo,
de acordo com trés protocolos experimentais.

Métodos e Resultados: Ratos Wistar, adultos foram submetidos a uma (A), trés (B) ou cinco
{€) sessbes de natagdo a 35°C, com duragtes de 50; 5,15,30,45 e 60 minutos de duragdo, em
dias consecutivos. Apos a ditima sessdo, foram sacrificados, sendo removidas amostras: figado
{GF) e musculo sdleo (GS) para dosagem de glicogénio (mg/100mg); sangue para glicose
{rmg/dL), lactato (mmol/L) e AGL {(mmol/L) e tecido adiposo epididimal (TA} para liberagdo
basai e resposte a 1 mM d-butiril-AMPc (d-but) de glicerol {umol glicerol em 60 min/100 mg

lipideos totais). No TA foram obtidas curvas dose-resposta para noradrenalina (NA) e
adrenalina (ADR}.

Resuitados:
Tabela 1. Marcadores metabdlicos em ratos {media £ epm)

Controle A B C
GF 5,.210,80%(7) 2,69:0,68%(7) 3,32:0,40°(7; | 3,510,245(7)
GS 0,37+0,06%(7) 0,160,05%7) 0,24+0,04%7) 0,25+£0,03%7)
Glicose 118,827,1%(8) 127 .2:6,78(7) 158,948 8'7) 114,935 4%(7)
Lactato 1,8520,249(8) 2,93:0,35"(4) 2,88+0,26%(8) 2,400, 269(5)
AGL 0,6220,07(5) 1,1020,06i(4) 1,03+0,13(4) 1,2020,1144)
TA-Basal 0,55:0,13%(5) 0.44:0,08%12) 1,4520,195) 0,78£0,23%(12)
TA-d-but 0,790,13%(7) 1,38+0,17P111) 1,730,14P(7) 0,860,08%14)

Conclusdes: Alteragbes em marcadores metabolicos induzidas per natagdo dependem da
duracgo da sessdo. A repetigdo das sessdes {grupo C) resultou em menor aumente dos niveis

plasmaticos de lactato e da resposta ac d- but do que no grupo A, sem alteracBes nos outres
parametros.

Apoio Financeiro: FAPESP
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EFFECT OF SWIMMING SESSION DURATION AND REPETITION ON METABOLIC
TRACERS IN RATS

Sampaio-Barros MM, Farias-Silva E, Grassi-Kassisse DM, Spadari-Bratfisch RC*. LABEEST, State
University of Campinas, 530 Paulo, Brazil

Aim: To evaluate metabolic tracers in rats submitted to three swimming protocols. Methods: Wistar rats
were submitted to swimming sessions at 35°C, as tfollows: Group A: 1 session of 50 min; Group B: 1
session daily for 3 days of 5, 15 then 30 min (3 day total of 50 min); Group C: 1 session daily for 5 days of !
5, 15, 30, 45 then 60 min on day 5. After the last session, animals were sacrificed and tissues removed:
tiver and soleus muscle for glycogen content (Giyc, mg/100 mg); blood for glucose (mg/dL), lactate
(mmol/L) and free fatty acids (FFA-mmol/L) serum levels; and epididymal adipose tissue (AT) to
determine adipocyte glycerol release, both basal and stimulated by 1 mM d-butyryl ¢cAMP (dbut; mmol
glycerol 60 min/100 mg total lipids), norepinephrine or epinephrine. Resuits are shown in the table:

Liver Glyc i Soleus Glye | Glucose Lactate FFA AT basal AT dbut
control | 5.21=0.80 0.37+0.06 118.8=7.1 1.95=0.24 | 0.6220.07 0.5520.13 1.46x0.34
A 2.69=0.68* | 0.16x0.05* | 127.2%6.7 | 2.93=0.35* | 1.10=0.06*% | 0.44=0.08 1.38+0.17
B 3.32=0.40* | 0.24=0.04* | 159.9=8.8* | 2.88+0.26" | 1.0320.13* | 1.45=0.19* | 1.73x0.14
C 3.51%0.24* | 0.25£0.03* | 1149554 | 2.40=0.26 1.20+0.11* | 0.7820.23 0.86=0.06*

* significantly different from control (p<0.05; ANOVA pius Tukey test)
The norepinephrine response was not different between groups. Epinephrine pD2** values were higher in
groups A (6.75£0.14) and B (6.50%0.33) than in control (5.56%0.26) and group C (6.12£0.27).
Conclusions: After five sessions of swimming the metabolic tracer alterations were lower than after one
session, even though the duration of each session was similar.

**5D2: negative log molar EC50 concentration

Keywords: metabolic tracers, stress, swimming
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WATER TEMPERATURE EFFECT ON METABOLIC TRACERS OF RATS SUBMITTED TO
SWIMMING

Sampaio-Barros MM[1,2], Farias-Silva E[1], Souza EPM[1], Zoppi RC[1], Grassi-Kassisse DM[1],
Spadari-Bratfisch RC* [1,2]. [1JLABEEST, State University of Campinas (UNICAMP); [2]Paulista
University (UNIP), Campinas, SZo Paulo, Brazil

Aim: To compare metabolite mobilisation in rats submitted to swim stress at two water temperatures: 35°C
or 18°C. Methods: Adult Wistar male rats were submitted to three daily swimming sessions (5, 15 and 30
min) at 35°C or 18°C and sacrificed after the last session. Glycogen content (mg/100 mg) was determined
in liver (LG) and soleus muscle (SG); glucose (mg/dL), lactate (mmol/L) and free fatty acids (FFA-
mmol/L) were measured in the serum, and epididymal adipocyte glycerol release was evaluated, both basal
and stimulated by 1 mM d-butyryl cAMP (dbut; mmol glycerol in 60 min/100 mg total lipids). Results: In
the rats swimming at 35°C, LG (3.32 = 0.40 vs 5.21 = 0.80) and SG (0.24 = 0.04 vs 0.37 £ 0.06) were
significantly lower than control, whereas blood levels of glucose (159.9 = 8.8 vs 118.8 % 7.1), lactate (2.88
+0.26 vs 1.95 £ 0.24) and FFA (1.03 £ 0.13 vs 0.62 + 0.07) were higher. In the rats swimming at 183°C, LG
(4.98 + 0.48) and SG (0.31 = 0.01) were not depleted, glycaemia (91.7 = 16.9) was not different from
control but blood lactate (4.46 + 0.49) and FFA (1.68 = 0.13) were much higher. Adipocyte basal glycerol
release was increased in both groups (35°C: 1.45 £ 0.19; 18°C: 1.72 £ 0.32; control: 0.55 = 0.13); dbut-
stimulated release was, respectively 33°C: 1.73 £ 0.14; 18°C: 148 = 0.17; control: 1.46 = 034,
Conclusions: Swimming at 35°C causes substrate mobilisation and metabolism. However, swimming at
low temperature impaired carbohydrate mobilisation and glucose aerobic metabolism, whereas basal
lipolysis was increased, then causing increased serum lactate and FFA.

Keywords: cold water, metabolic fracers, stress, swimming




