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RESUMO

No estresse observa-se a elevagio das concentragOes plasmaticas de horménios tais
como as catecolaminas, os glicocorticdides e o glucagon. Estes hormdnios determinam
alteragBes em ﬁmgées metabélicas, entre elas as que ocorrem em tecido adiposo, estimulando
a lipélise e inibindo a lipogénese, e em tecido hepético, estimulando a glicogenolise, a
gliconeogénese e a sintese de lipoproteinas. Além disso, haviamos previamente observado que
o estresse por choque repetido nas patas, induz alteracbes de sensibilidade na resposta
lipolitica a agonistas beta-adrenérgicos em adipécitos brancos isolados de ratos. Neste
trabalho, utilizamos ratos alimentados e conscientes, submetidos a trés sessdes diarias de
estresse por choque nas patas, para determinar: 1) as concentragdes plasmaticas de
corticosterona, glicose, glicerol e triacilgliceréis; 2) as concentracSes plasmaticas de glicose,
glicerol e triacilglicerois mediante a infusio endovenosa dos agonistas beta-adrenérgicos:
isoproterenol, noradrenalina ou BRL37344; 3) verificar se as alteragdes de sensibilidade
lipolitica previamente demonstradas i Vifro se refletem nas concentragBes plasmaticas de
glicerol, em resposta 3 infusdo dos agonistas beta-adrenérgicos citados acima.

Nossos resultados mostraram que a concentragio plasmatica basal de corticosterona
era elevada em comparagdo aquela observada em ratos anestesiados, ¢ aumentou
significativamente apds as sessGes de estresse, enquanto que a conceniragio plasmatica de
triacilglicerdis se elevou apos a primeira sessfo ¢ a de glicose aumentou ap6s as segunda e
terceira sessoes de estresse. As concentragdes plasméticas de glicerol néo sofreram alteracGes
significativas, antes ou apos as sessoes de estresse. Os ratos submetidos a estresse foram mais
sensiveis a infusdo de isoproterenol e noradrenalina junto com prazosin, mantendo elevadas as

concentracdes plasmaticas de glicose durante 2 infusdo, ¢ respondendo com elevacio das



concentragbes plasmaticas de glicerol e de triacilglicerdis. A infusdo de BRL37344, causou
elevacdo significativa da concentragdo plasmatica de glicerol em ratos submetidos a estresse.
E provavel que esta maior sensibilidade de ratos estressados aos agonistas beta-adrenérgicos
utilizados esteja relacionada 2 influéncia permissiva da corticosterona endégena. Apenas O
BRL37344 causou elevagio da concentracdo plasmatica de glicerol em ratos estressados, em
comparagdo as suas proprias concentragSes basais, provavelmente porque adrenoceptores-
beta3 parecem ndo estar envolvidos na sintese hepatica de tziacilgliceréi's, permitindo que o
glicerol liberado pela lipdlise acumule-se no plasma. Os resuitados apresentados sugerem que
o glicerol liberado do tecido adiposo, estaria sendo inicialmente utilizado pelas células
hepaticas para a sintese de triacilgliceréis, mas que, com 2 repetigio do estresse, a fungéo
hepatica poderia estar sendo redirecionada para a liberagdo de glicose, possivelmente
utilizando o glicerol como um dos substratos. Entretanto esta hipotese necessita ser testada.
Além disso, embora adipécitos isolados sejam subsensiveis & noradrenalina, in vivo a resposta

3 infusio de isoproterenol, noradrenalina e BRL37344 é mais pronunciada em ratos

estressados do que em ratos controle.



1. INTRODUCAO
1.1 Aspectos neuroendocrinos do estresse

O equilibrio orgénico pode sofrer variagdes, diante do efeito de fatores do ambiente
interno efou externo, denominados agentes estressores. Evolutivamente, ©0s animais
adquiriram a’ capacidade de resposta & presenga destes agentes. A fungdo desta resposta ac
estresse ¢ manter tal equilibrio orgénico, através de alteracdes fisiologicas compensatorias,
que permitem inicialmente, resistir a0 agente estressor e, posteriormente, adaptar-se a sua
presenca, quando esta € mantida ou repetida.

Esta resposta, esta relacionada ao eixo hipotalamo/hipofise/adrenal e foi denominada
«Gindrome Geral de Adaptagdo” por SELYE em 1936, que a descreveu em trés estagios. O
primeiro estagio, configura uma “reagio de alarme”, representando a resposta inicial do
organismo, frente ao agente estressor, e ocorreria quando este organismo nao estivesse
adaptado ao estimulo recebido. Em seguida, sendo mantido o estimulo, ocorreria a fase de
resisténcia, caracterizada pela ativaggo de mecanismos adaptativos. N&o ocorrendo adaptagao,
desenvolver-se-ia o estagio de exaustdo onde o organismo estaria susceptivel a distarbios
(SELYE, 1936; VAN DE KAR, 1991).

Inicialmente a Sindrome Geral da Adaptagdo foi descrita como uma reagio geral e
inespecifica (SELYE, 1936). A continuidade dos estudos sobre a resposta ao estresse
evidenciou seu caréater especifico (MASON, 1968 a; MASON, 1968b; KRULICH ef al,
1974; HENNESSY, ef al, 1979; HERD, 1991) e a influéncia de caracteristicas genéticas
(MARPLES et al.,1972), do sexo (LESCOAT et al, 1970; ANISCHENKO & GUDKOVA,

1992, PARE & REDEI, 1993), da idade (RIEGLE, 1973) e, principalmente, da percepgdo



individual do agente como estressor, o que depende das experiéncias vividas anteriormente €
da novidade ou previsibilidade do estimulo (VOGEL & JENSH, 1988; GRIFFIN, 1989).

Na resposta a0 estresse, a alteragdo fisiologica inicial decorre da decodificacio da
informaciio sensorial pelo sistema limbico-mesencefalico, em associacdio com areas corticais
do cérebro, e por transmissdo neural emissora de sinais ativadores ou inibidores para o eixo
hipotalamo-hipéfise (ELIOT, 1992).

Observa-se a ativagdo dos eixos sistema nervoso simpético-méduia adrenai e
hipotélamowhipéﬁswéﬂex adrenal, causando respectivamente a elevagdo das concentragdes
| plasmaticas de catecolaminas e de glicocorticéides (SELYE, 1956, UPRICHARD &
KVETNANSKY, 1980; AXELROD & REISINE, 1984; KONARSCA et al, 1989; DE BOER
et al., 1989; KONARSKA et al., 1990; DE BOER et al.,, 1990).

As catecolaminas, por sua vez, podem causar elevaggo adicional nas concentracdes de
glicocorticoides, através de adrenoceptores localizados no hipotilamo, os quais estimulam a
liberagio de hormdnio liberador da corticotrofina (CRH). Este ultimo, causa elevagio das
concentragoes plasmaticas ndo apenas de corticotrofina (ACTH) (NOMURA ez al.,, 1981; AL-
DAMLUJI, 1988), como também de catecolaminas (BROWN & FISHER, 1984, 1985) e de
glicocorticoides. 7

Outros eixos neuroenddcrinos também podem ser alterados, como 0s relacionados a¢
hormdnio do crescimento (KRULICH ez al, 1974 LUGER et al,1988), ao hormdnio
luteinizante (KRULICH et al, 1974; FEUKER et al., 1975), é.o hormdnio foliculo-estimulante
(KRULICH et al, 1974), & prolactina (EUKER et al, 1975; KANT et al, 1983) ¢ a
tireotropina (MILLS & CHIR, 1985). ;

Do aumento nas concentragdes plasmaticas de catecolaminas e de glicocorticoides,

decorrem alteragBes metabolicas no sentido de causar mobilizagio de substratos energéticos, a



partir dos tecidos de armazenamento, como o hepético e o adiposo, liberando-os para a
circulagdo sanguinea.

Este redirecionamento metabdlico disponibiliza maior quantidade de carboidratos e
lipidios para a atividade celular e permite ajustes de sistemas como o cardiovascular, o
respiratdrio, © nervoso e o muscular. Tais adaptagGes contribuem para a manutencio da
homeostase em situacdes de estresse, nas quais podem ser deflagrados comportamentos de

luta ou fuga (SELYE, 1936; HERD, 1991).

1.2 Efeitos metabdlicos dos hormonios do estresse

Os horm&nios liberados por 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, 1985 a, b; BRINDLEY et al, 1988).

Com relagdo ao metabolismo de carboidratos, as catecolaminas endogenas,
principalmente a adrenalina, estimulam a glicogenolise e a gliconeogénese hepaticas (BODO
& BENAGLIA, 1938; HIMMS-HAGEN, 1967; EXTON ef al, 1972; HUE et dl, 1978;
YOREK ¢f al., 1980; KNEER & LARDY, 1983; PILKIS & EL-MAGHRARI, 1988).

Em tecido pancreatico estas, atraveés de adrenoceptores alfa, estimulam é liberago de
glucagon pelas células alfa das IIhotaé de Langerhans, enquanto inibem a liberacdo de
insulina pelas cé€lulas beta (PORTE, 1969; PORTE & ROBERTSON, 1973), sendo que os
adrenoceptores beta podem estimular a liberagio de insulina pelas células beta-pancresticas

(YOSHIDA, 1992; ATEF et al., 1996 ).



A corticosterona influencia o metabolismo de carboidratos através de sua agHo
permissiva aos efeitos glicogenoliticos e gliconeogénicos das catecolaminas e do glucagon
(EXTON et al., 1972).

Como resultado déstes efeitos das catecolaminas e dos glicocorticoides, ocorre
aumento da glicemnia.

Em tecido adiposo branco de ratos, o glucagon ¢ oS agonistas beta-adrenérgicos
estimulam a atividade lipolitica causando liberagao de 4cidos graxos livres e de glicerol para o
plasma (SLAVIN et al, 1994; LAFONTAN et al, 1995), enquanto os glicocorticoides
desempenham um papel permissivo na manutengdo da resposta lipolitica as catecolaminas
(FAIN & GARCIA-SAINZ, 1983).

Aumento dos niyeis plasmaticos de écidps graxos livres e de glicerol foram
observados em cdies ¢ humanos apds infusio endovenosa de catecolaminas (HAVEL &
GOLDFIEN, 1959, CONNOLLY et al, 1991). GALITZKY et al. (1993) observaram a
elevagio de acidos graxos livres em plasma de ces, durante a infusio de noradrenalina,
adrenalina, isoproterenol, BRL37344 e outros agonistas beta-adrenérgicos. DARIMONT et al.
(1996) demonstraram in sifu, maior liberacio de glicerol pelo tecido adiposo de ratos, apds
infusio de isoproterenol.

O figado ¢ considerado o principal tecido responsavel pela captagdo de glicerol
plasmatico (LIN, 1977), que pode ser utilizado como um dos substratos para a gliconeogénese
mas também para a sintese de triaciigliceféis (PITTNER et al., 1985, BRINDLEY ef al, 1988,
SOUZA et al., 1996).

A sintese hepatica de triacilglicerdis a partir de acidos graxos e de glicerol pode ser
modulada pelas catecolaminas, pelo glucagon € pelos préprios acidos graxos, principalmente
através da estimulag@io da atividade enzimética da fosfatidato fosfohidrolase (PAULETTO et

al, 1971; PITTNER ez al, 1985 a, b; BRINDLEY e al, 1988). Tanto a sintese, quanto a



atividade desta enzima em hepatdcitos, sdo estimuladas por glicocorticoides (KNOX ef al,
1979: PITTNER et al., 1985 a, b; BRINDLEY ef al., 1988).

Os triacilglicerdis em células hepaticas podem ser incorporados em lipoproteinas de
rmuito baixa densidade (VLDL) e assim serem liberados para o plasma sanguineo (PITTNER
et al., 1985 a, b; TITOV & PITSIN, 1985; BRINDLEY ef al, 1988 ). Entretanto, a velocidade
desta liberagdo ¢ dependente da funcdo circulatoria no tecido hepatico, e esta também pode
ser influenciada pela acdo adrenérgica sobre os vasos sanguineos (GARDEMANN ef al,
1991; YAMAUCHI et al., 1998). Em cultura de hepatocitos de ratos, observou-se que a
dexametasona estimula a secregdo de lipoproteinas de muito baixa; densidade (VLDL)
(MANGIAPANE & BRINDLEY, 1986).

Além disso, a concentracio plasmatica de triacilglicerdis também € dependente da
velocidade de sua captacio, mediada pela atividade da lipoproteina lipase, em tecidos como
o adiposo, o muscular e o cardiaco. Vérios hormdnios influenciam a atividade da lipoproteina
lipase, incluindo a insulina, as catecolaminas, e os glicocorticdides. Cada um destes
horménios pode estimular ou inibir sua atividade, o que € variavel de acordo com o tecido em
que agem (ASHBY & ROBINSON, 1980; HULSMANN & DUBELAAR, 1986; DESHAIES
et al.,1993).

Desta forma, em situacdes em que ocorre elevagio da concentragio p}asmética das
catecolaminas e dos glicocorticoides, cOmo ocorre durante O estresse, espera-se um aumento
do turnover dos elementos lipidicos do metabolismo, que pode ser acompanhado ou nio da

elevacio de suas concentracdes plasmaéticas.
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1.3 Estresse e sensibilidade das respostas dos tecidos as catecolaminas

Como consequéncia das modificagBes de natureza neural e hormonal ligadas a reacdo
de estresse, além das modiﬁcagées na dinimica metabdlica descritas acima, podem ocorrer
também alteraces da sensibilidade adrenérgica em diferentes tecidos.

Dentre os fatores que determinam subsensibilidade ou supersensibilidade adrenérgica
em um dado tecido, considera-se: a a0 dos sistemas de metabolizacdo, que limitam a meia
vida do agonista na biofase, o namero de receptores; a afinidade dos receptores aos agonistas
e/ou o processo de acoplamento entre 0s receptores € 0s sistemas de segundos mensageiros.

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

Nosso grupo de pesquisa vem estudando a sensibilidade a agonistas adrenérgicos do
tecido cardiaco €, mais recentemente, também de adipécitos isolados de ratos submetidos a
estresse (MARCONDES ef al,,1996; VANDERLEI ef al,, 1996; SPADARI-BRATFISCH et
al. 1999; FARIAS-SILVA et al., 1999).

Como resultante dos mecanismos adaptativos associados & reagio de estresse, OS
autores demonstraram que 0Corre subsensibilidade ou supersensibilidade as catecolaminas em
atrios direitos isolados de ratos machos submetidos a diferentes agentes estressores (CALLIA
& DE MORAES, 1984; BASSANI & DE MORAES, 1987a,b; BASSANI & DE MORAES,

1988; SPADARI & DE MORAES; 1988; SPADARI ef al.,, 1988; CAPAZ & DE MORAES,

1988).



Neste mesmo tecido, as alteragdes de sensibilidade as catecolaminas, observadas apds
uma ou trés sessdes de natago, estdo relacionadas respectivamente, & inibi¢do dos sistemas de
metabolizagio das cateoolaminas (SPADARI e gl., 1988) ¢ a alteragio na constante de
afinidade de antagonistas pelos receptores adrenérgicos (SPADARI & DE MORAES, 1988).
Os autores propuseram que ambos 0s mecanismos seriam dependentes do aumento dos niveis
plasmaticos de corticosterona, induzidos pela exposi¢do ao estimulo estressor, pois a
adrenalectomia bilateral impediu o aparecimento de tais alteragGes (SPADARI et al.,1988;
SPADARI & DE MORAES, 1988).

Em fémeas, tanto MARCONDES (1995), utilizando estresse por natagdo, quanto
VANDERLEI ef al. (1996), que utilizou 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 e da adrenalina.
Contudo, quando o sacrificio ocorreu em estro, ndo foram observadas alteragdes de
sensibilidade do tecido atrial s catecolaminas. Os autores concluiram que as alteraces de
sensibilidade do tecido atrial, observadas em ratas submetidas a estresse por natacdo ou
chogue nas patas, sdo dependentes das fases do ciclo estral, além de confirmarem que tais
alteracdes ocorrem na vigéncia ‘de niveis plasmaticos elevados de corticosterona
(MARCONDES, 1995, VANDERLEI ef al.,1996).

Varios outros autores também relatam alteragbes de sensibilidade adrenérgica em
tecido cardiaco isolado- de animais submetidos a estresse por frio, restricdo alimentar,
exercicio fisico, imobilizagio, natagdo ou choque nas patas (UPRICHARD &
KVETNANSKY, 1980, NOMURA et al., 1981; BASSANf & DE MORAES, 1987 ab;
SPADARI & DE MORAES, 1988).

Com o prosseguimento dos trabalhos, e a éompreenséo de que o estresse determina

alteragSes de sensibilidade adrenérgica em tecido cardiaco, as quais estdo relacionadas com a



resposta hormonal ao agente estressor, surgiu interesse em avaliar se alteragles semelhantes
ocorreriam em outros tecidos que, reconhecidamente, sejam alvo para a agdo das
catecolaminas.

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

Estes resultados conferiram importdncia fisiologica consideravel ao fenémeno descrito
neste modelo animal, pois sugerem que as alteragdes de sensibilidade adrenérgica, induzidas
por estresse, n&o se restringem ao tecido cardiaco, mas que se manifestam também em outros
tecidos, e que as alteragdes cardiovasculares dele decorrentes podem ser acompanhadas de
alteracdes endocrinas e metabolicas, com repercussao sistémica consideravel.

Entretanto, restava demonstrar se as alteragdes de sensibilidade observadas in viiro
poderiam também ser observadas in vivo. Assim sendo, este foi nosso objetivo neste trabalho.
Mais precisamente, utilizamos ratos machos, alimentados e conscientes, ap6s terem sido
submetidos a trés sessdes didrias de estresse por choque nas patas, objetivando a aplicagio de
dois protocolos experimentais. No primeiro, 08 animais sériam submetidos inicialmente a
cateterizago arterial, necesséria ao procedimento de coleta de sangue, o qual seria empregado
para a obtengdo de amostras imediatarnente antes e apos cada sessio de choque ou
procedimento controle. A partir destas amostras determinar-se-iam as concentragoes
plasmaticas de corticosterona, glicose, glicerol e triacilgliceréis. No segundo protocolo, 0s

animais seriam submetidos & cateterizagdo venosa (para infusio dos agonistas beta-



11

adrenérgicos isoproterenol, noradrenalina € BR1.37344) e arterial (para coleta de amostras de
sangue simultaneamente 3 infusdo). De tais amostras seriam determinadas as concentragdes
plasmaticas de glicose, glicerol ¢ triacilglicerdis em resposta 4 infusdo destes compostos.

Os resultados referentes ao glicerol obtidos neste segundo protocolo, seriam utilizadas
para verificar se as alteragSes de sensibilidade adrenérgica anteriormente observadas em
adipocitos in vitro, se refletiriam nas concentragdes plasmaticas deste metabolito, mediante a

infusdo dos agonistas beta-adrenérgicos citados acima.
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2. RESUMO DOS RESULTADOS

2.1 Concentracdes plasmaticas de corticosterona, glicose, glicerol e triacilglicerdis

A abordagem experimental proposta significou uma inova¢do em nosso laboratorio,
implicando em uma relativa dificuldade inicial. A implantagdo dos catéteres intravasculares e
a sua manutengdO POr varios dias, exigiu 0 desenvolvimento de habilidades novas, até que os
protocolos experirentais pudessem ser realizados com precisio. O manuseio dos animais
conscientes também representou outra dificuldade, exacerbada pelo estresse ac qual eles eram
submetidos. Os detalhes técnicos destes procedimentos estio descritos na sec¢do “Material
and Methods” do trabalho submetido & publica¢io. Superadas estas dificuldades, os resultados
que surgiram s&o resumidos a seguir:

Em ratos submetidos a estresse por choque nas patas por 3 dias consecutivos, observou-se

que:

» as concentracdes plasmaticas de corticosterona aumentam significativamente ap6s
cada sessdo, quando se comparam Os grupos estresse € controle por meio do teste-f de
Student, ou apenas apds a 3° sessdo (ANOVA para medidas repetidas),

s as concentragOes plasmaticas de glicerol néo se alteram,

e as concentragdes plasmaticas de triacilglicerdis aumentam apenas apds a 1° sessdo, e

e as concentracdes plasmaticas de glicose aumentam apds a 2° e 3% sessGes.

A auséncia de alteragdes na concentragdo plasmaética de glicerol apesar dos niveis
elevados de corticosterona e, provavelmente, de catecolaminas endégenas que se segue ao
estresse, fol curiosa pois, aceita-se que nestas condigdes, a lipdlise estdé aumentada e que,

como consequéncia, a liberagio de glicerol estaria elevada. Assim, estes dados sugerem que
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poderia haver um aumento do furnover de glicerol em ratos submetidos a estresse. Por outro
lado, como as concentragbes de triacilglicerdis aumentaram ap6s a 1% sessdo e as de glicose,
apos a 2* e 3? sessdes, pode_pse—ia sugerir que apds a 1° sessdo de choques, o glicerol liberado
estaria sendo utilizado para a sintese de triaciiglicerdis pelas células hepaticas, mas que, com
a repetic8o do estresse, a fungfo hepatica poderia estar sendo redirecionada para a liberagio

de glicose. Esta hipotese, entretanto, nio foi testada.

2.2 Resposta a infusio de isoproterenol, noradrenalina ou BRL37344

Na segunda etapa do trabalho, ratos controle assim como ratos submetidos a trés
sessdes de estresse por choque nas patas, foram submetidos & infusio endovenosa dos
agonistas beta-adrenérgicos isoproterenol, noradrenalina ou BRL37344. Foram coletadas
amostras de sangue dos animais 15 min antes do inicio da infusdo, simultaneamente a ela nos
tempos 0, 5, 15, 30 min e apds seu término aos 45 e 60 min. Utilizando-se o plasma isolado a
partir destas amostras, determinaram-se as concentragdes plasmaticas de glicose, glicerol e
triacilglicerdis. Os resultados obtidos-seguem abaixo: |

Ratos submetidos a estresse foram mais sensiveis do que ratos controle:

* 4 infusdo de isoproterenol, que causou nos animais estressados, maior elevacdo da
concentragdo plasmatica de triacilglicerdis, do que em ratos controle;

¢ 4 infusfio de noradrenalina simultaneamente com prazosin, mantendo elevadas as ja
altas concentragdes de glicose durante e apos o periodo de infusdo, e aumentando as
concentragOes plasmdticas de glicerol em ratos estressados mas nio em ratos controle,

além de causar nos animais estressados, elevacio nas concentracdes de triaciiglicerdis;
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¢ 4 infusdo de BRL37344, que resultou em aumento significativo da concentragic

plasmatica de glicerol, em ratos esiressados mas nio nos controle.

Tanto a infus&o de isoproterenol, quanto a de BRL37344, nfio causou aumento da glicemia
provavelmente devido a s;:‘:us efeitos em estimular a liberagio de insulina pelo pancreas
(POTTER & ELLIS, 1975; POGATSA et al., 1978; WOODSON & POTTER, 1979; JOHN ef
al, 1990; YOSHIDA, 1992; ATEF et al, 1996). Ao passo que a administragio de prazosin
aos animais, imediatamente aps a 3* sessfio de estresse, impediu que a glicemia retornasse ao
normal e esta se manteve elevada, durante e apos a infusfio de noradrenalina, quando esta foi
réalizada juntamente com este antagonista de adrenoceptores alfa-1.

Sabe-se que adrenoceptores alfa-1 estdo presentes nos vasos sanguineos, onde medeiam a
vasoconstriccdo em resposta 4 noradrenalina (GUIMARAES, 1986), e além disso, estes
adrenoceptores nas células hepaticas estimulam a glicogenélise (POGATSA er al., 1978;
JOHN et al, 1990). O bloqueio destes receptores evidencia o efeito beta-adrenérgico da
noradrenalina no tecido adiposo estimulando a lipdlise (LAFONTAN & BERLAN, 1993;
BOUSQUET-MELOU ef al,1994; LAFONTAN et al, 1995), ¢ no figado estimulando a
glicogenodlise (EXTON er al, 1972; PILKIS & EL-MAGHRABI, 1988). Estes efeitos
somados, provavelmente sio os responsaveis pela manutenco de elevada glicemia e dos
aumentos nos niveis plasmaticos de glicerol e triacilglicerdis em ratos estressados, mas nio
em animais controle. Estes resultados sugerem que apds estresse, a resposta & noradrenalina
mediada por adrenoceptores beta-1, esta fnais sensivel.

Por outro lado, BRL37344 causou aumento na concentragio plasmatica de glicerol em
ratos estressados, em comparagdo & sua propria dbncentra&;ﬁo basal, e sabe-se que os
adrenoceptores beta-3, ndo medeiam o efeito das catecolaminas sobre a sintese hepatica de
triacilglicerdis (EVANS ef al, 1996). Desta forma, o glicerol liberado pelo tecido adiposo em

resposta a0 BRL3 7344, nfo sendo utilizado, se acumularia no compartimento plasmatico.
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A agdo permissiva da corticosterona sobre os efeitos das catecolaminas, cuja concentracio
plasmatica esta elevada em consequéncia do estresse, poderia explicar a resposta aumentada a
noradrenalina € ao BRL3 7344, mesmo na vigéncia da subsensibilidade que ocorre nos tecidos
isolados. Esta muaior sensibilidade aos efeitos beta-adrenérgicos da noradrenalina e do
BRL37344, contraria os resultados obtidos em adipécitos isolados de ratos submetidos ao
mesmo agente estressor, os quais apresentaram subsensibilidade aos efeitos destes agentes
lipoliticos. Entretanto, in vivo, outros fatores interferem com a resposta adrenérgica dos

multiplos tecidos envolvidos.

2.3 Anailises complementares: pressio arterial média e frequéncia cardiaca

Considerando que agonistas beta-adrenérgicos t&m  importantes  efeitos
cardiovasculares, os quais poderiam mascarar os efeitos metabolicos que analisamos,
avaliamos também o efeito da infusdo destes compostos sobre a frequéncia cardiaca e a
pressdo arterial média (PAM) de um rato controle. Nestes experimentos que foram realizados
no laboratério da Profa. Dra. Marta Helena Krieger, contamos com sua orientaciio e também
da Profa. Dra. Marie Sumitame.

Como resultados observamos que:

A infusdo de solugdo salina ndo causou alteragio significativa da frequéncia cardiaca
(Figura 1) ou da PAM (Figura 2).

Aos 5 min da infusfio de isoproterenol, houve aumento da frequéncia, que se manteve
alta até 15 min apos o término da infusfo (tempo 45 min), mas a PAM se manteve inalterada.

Aos 5 min de infusdo de noradrenalina, houve queda da frequéncia e aumento da

PAM. A frequéncia em seguida sofreu aumento, com seu ponto maximo ocorrendo acs 30
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min de infus&o, e nos 30 min seguintes apresentou uma tendéncia de retorno 2o basal. A PAM
se manteve elevada durante os 30 min de infusio e 15 min apés o final da infusfo, ja havia
retornado ao valor basal.

A administrac3o prévia de prazosin e a sua infusio juntamente com a noradrenalina,
ndo causou alteragBes significativas da frequéncia cardiaca, e impediu o aumento da PAM,
que seria causado pelo efeito vasoconstictor da noradrenalina mediado por alfa-
adrenoceptores vasculares.

A infusdo de BRL37344 ndo causou alteragSes significativas da frequéncia cardiaca,
mas causou reduc@o tardia da PAM, entre 15 e 30 min apos o final da infusdo.

O isoproterenol, sendo um agonista de adrenoceptores beta que ndo discrimina entre
os subtipos beta-1, beta-2, beta-3 e provavelmente beta-4, causa aumento da frequéncia
cardiaca por ativacio dos adrenoceptores beta-1, predominantes em tecido cardiaco de ratos
(KAUMANN, 1997); causa também vasodilatagio por meio de sua interacio com
adrenoceptores beta-2 vasculares. Estes dois efeitos resultam em aumento da ﬁeéuéncia
cardiaca ¢ manutengdo da pressdo arterial média. Assim sendo, os resultados da infusio de
isoproterenol estdo de acordo com o esperado e confirmam que a dose utilizada foi efetiva
para promover seus efeitos cardiovasculares.

Por outro lado, o efeito inicial da noradrenalina foi um aumento da pressdo arterial
média. Este aumento, provavelmente se deve a uma elevacio da resisténcia vascular
periférica, que ocorre como consequén'cia da vasoconstricgfio causada pela interagio da
noradrenaliona com os adrenoceptores alfa vasculares. O aumento da pressio arterial média
ativaria o reflexo baraceptor, o qual seria responsavel pela queda na frequéncia cardiaca.

Observados nos 5 primeiros minutos de infusdo, os efeitos cardiacos da noradrenalina
mediados por adrenoceptores beta, resultam em aumento da frequéncia cardiaca e

consequente manutencdo de elevada pressiio arterial média.
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Estes resultados demonstram que a dose de noradrenalina teve os efeitos
cardiovasculares esperados e que, portanto, a auséncia de aumento nas concentragdes
plasmiticas de glicose, glicerol e triacilgliceréis em resposta 4 infusio de noradrenalina
(Figura 4 do manuscrito), foram provavelmente, consequentes da vasoconstricgdo induzida
por este composto nos tecidos periféricos produtores destes metabolitos.

A administragfio de prazosin aos animais, antes do inicio da infusio de noradrenalina,
confirmou esta hipétese, uma vez que o bloqueio dos adrenoceptores alfa-1 pelo praiosin,
impediu que a noradrenalina causasse aumento da pressio arterial média. Neste caso, 0s
efeitos ca:rdiacos da noradrenalina também nfo foram observados, mas os efeitos metabdlicos
se tornaram evidentes (Figura 5).

Os resultados da infusdo de BRL.37344 sobre a frequéncia cardiaca ¢ a PAM,
coincidiram com 0$ resultados obtidos em resposta a infusio de BRL37344 em cies

(TAVERNIER ef al, 1992; SHEN et al., 1994).
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Figura 2: Efeito da infusio iv. de solugio salina (NaCl 0.09% m/v), isoproterenol
(0.4nmol/Kg.min), noradrenalina (5.0ug/Kg.min), noradrenalina (5.0ug/Kg.min) e prazosin
(8.3ug/Kg.min) ou BRL37344 (0.4nmol/Kg. min), em rato consciente e alimentado sobre a
pressio arterial média (PAM), apéé 3 sessOes diarias de permanéncia em gaiola de chogues
desligada durante 30 minutos (procedimento controle). O animal designado a receber a
infusfo de noradrenalina junto com prazosin, imediatamente apos a terceira sessdo de
procedimento controle, recebeu 0.2 mg/Kg de prazosin 1.p. e trinta minutos apés esta injecio,

iniciou-se a infusdo.
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3. CONCLUSOES E PERSPECTIVAS FUTURAS

Nossos resuitados permitem concluir que em ratos submetidos a estressse, por choque
nas patas, a resposta hormonal (corticosterona) e metabélica (glicemia), apresenta
sensibilizagdc com a repeticio da situagiio aversiva. A concentracdo plasmatica de glicerol
ndo pode ser utilizada como indicadora da atividade lipolitica, uma vez que ndo se altera apds
estresse. A conceﬂtragﬁo plasmatica de triacilgliceréis somente se eleva apos a 1° sessdo de
estresse..

Nossos resultados também permitern concluir que apés trés sessdes de choques nas
patas, ratos sd0 rnais sensiveis aos efeitos metabélicos do isoproterenol, da noradrenalina e do
BRL37344.

Esta aumentada sensibilidade sugere que a resposta de outros 6rgfos, tais como o
pancreas e o figado possa estar também alterada pelo estresse e abre perspectiva futura para
novas investigacdes neste éentido. Além disso, os dados obtidos conferem ao modelo
experimental utilizado, validade para o estudo do estresse sob os pontos de vista fisiologico e

fisiopatologico.
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ABSTRACT

Stress hormones can cause alterations in metabolic functions at the adipose tissue and liver.
Moreover, repeated footshock stress induce alterations on the sensitivity to beta-adrenergic
agonists in the rat white adipocytes lipolytic response. Therefore, our objective was to
determine in fed and conscious male rats submitted to three daily footshock stress sessions: 1)
plasma corticosterone, glucose, glycerol and triacylglycerols levels; 2) plasma glucose,
glycerol and triacylglycerols levels in response to beta-adrenergic agonists infusion. Our
results have shown that plasma corticosterone level increased significantly after each stress
session while triacylglycerols increased after the first session and glucose increased after the
second and third sessions. Glycerol level did not show any alteration after stress. These results
suggest that repeated footshock stress might induce metabolic changes, driven towards
glucose instead of triacylglycerols release by hepatic tissue, probably by using the glycerol as
one of the subtracts in both pathways. Stressed animals were more sensitive to noradrenaline
plus prazosin and to isoproterenol infusion, maintaining elevated plasma glucose level and
increasing the plasma glycerol and triacylglycerols levels. Probably, the higher sensitivity to
isoproterenol and noradrenaline in stressed animals is related to the permissive influence of
plasma corticosterone. Only BRL37344 increased the plasma glycerol level in stressed rats
probably because beta3-adenoceptors seem not to be involved in the hepatic triacylglycerols

synthesis, allowing the glycerol backlog in the plasma,

KEY WORDS: in vivo — stress — footshock — glucose + glycerol — triacylglycerols —

triglycerides — catecholamines — beta-adrenergic — corticosterone — infusion — catheterization.
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INTRODUCTION

At stress conditions plasmatic level of hormones such as catecholamines, glucocorticoids and
glucagon are increased and their effects on tissues that are involved in the metabolism of

carbohydrates and lipids are opposite to the effects of insulin (1,2,3).

Endogenous catecholamines, mainly adrenaline, stimulate the glycogenolysis and
gluconeogenesis in the hepatic cells of rats (4,5,6,7,8,9,10). Furthermore acting on alpha-
adrenoceptors, endogenous catecholamines stimulate the release of glucagon by the alpha-
pancreatic cells and inhibit the release of insulin by the beta-pancreatic cells (11,12) while
‘beta-adrenergic agonists can stimulate the insulin release (13,14). Corticosterone has a
permissive effect on the glycogenolytic and gluconeogenic effects of adrenaline and glucagon

(6).

Among other effects endogenous catecholamines, glucagon and other beta-adrenergic
agonists stimulate the lipolytic activity in the white adipocytes of rats releasing free fat acids
and glycerol to the plasma (15,16). In adipocytes, glucocorticoids also have a permissive role
in the maintenance of the lipolytic response to catecholamines (17). Liver is considered the
major tissue which clears the plasmatic glycerol (18) using it as a gluconeogenic substract
(1,2,3,19) or as a subtract to the triacylglycerols synthesis (1,2,3). Catecholamines,
glucocorticoids, glucagon and free fatty acids can stimulate the synthesis of triacylglycerols
from glycerol and fatty acids in the hepatic cells mainly through stimulation of phosphatidate
phosphohydrolase (1,2,3,20) whose synthesis as well as activity are stimulated by

glucocorticoids (1,2,3,21).

Triacylglycerols can be incorporated in very-low-density lipoproteins and released to the
circulation (1,2,3,22). In culture of rat hepatocytes it was observed that dexamethasone

increases the very-low-density lipoproteins secretion (23).
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It has been previously reported that repeated footshock stress induces alterations on the
sensitivity to catecholamines in cardiac tissue (24,25) and in adipocytes isolated from rats
(26), and that these alterations depend on the high level of corticosterone released during the
stress reaction (27). However, these alterations were observed in isolated tissues. Their

physiological meaning must be demonstrated in vivo.

Thus the objective of this report was to determine plasma level of corticosterone, glucose,
glycerol and triacylglycerols levels in fed and conscious male rats submitted to footshock
stress. Moreover, we analyzed the plasma level of _these compounds during and after i.v.

infusion of isoproterenol, noradrenaline or BRILL37344,



MATERIAL. AND METHODS

Animals

Male Wistar rats (Rattus norvergicus) weighing 250 to 350 g at the beginning of the
experiments were used. The animals were housed in individual cages 30x 18x 20 cm)ina
temperature controlled room (22° C), with a 12 h light/12 h dark cycle with lights on at 6:30
a.m. Standard laboratory chow and tap water were- available ad libitum. During the
experiments the animals were cared for in accordance with the principles for the use of
animals in research and education, and the Ethical Committee, following the Statement of
Principles, which have been adopted by the FASEB Board and, approved the experimental

protocols (CEEA-IB-UNICAMP, protocol n® 077-1, 06/08/2000).
Blood Vessel Catheterization

Under Xylazine (50 mg/Kg) and Ketamine (0.01mg/Kg) anesthesia, animals were
catheterized by inserting a catheter (PE20 tubing) into the left carotid artery hermetically
connected to a PES0 tubing that was exteriorized at the dorsal interscapular region where it
was fixed at the animal skin (28). This method allows collecting blood samples from
unanesthetized undisturbed freely moving rats. Catheters were previously siliconized and
filled with sodium citrate (5 mM). In the animals, which were designed to receive drug

infusion, the left jugular vein was also catheterized.



Stress Procedure

Rats were individually submitted to three daily sessions of unsignaled inescapable footshock.
The animals were placed into a Plexiglas chamber (26 x 21 x 26 cm) provided with a grid
floor made up of stainless-steel rods (0.3 cm in diameter and spaced 1.0 cm apart). During the
30 min of footshock sessions, which were held between 7:30 and 11:00 a m., footshocks were
delivered by a constant current i.c. source controlled by a microprocessor-based instrument
constructed at the Biomedical Engineering Center of the “Universidade Estadual de
Campinas”. Current intensity was 1.0 mA and duration was 1.0 sec at random intervals of 5~
25 sec with a mean interval of 15 sec. After the end of each footshock stress session, the

animals were returned to their cages.
Control Procedure

At the first day of experiment, each animal was placed into the footshock cage where it
remained for 30 min before returning to the animal facilities room. During this period the
footshock cage remained turned off (day O). In the following three days this procedure was
repeated with the animals of the control group, whereas animals designed to the stress group
were submitted to the procedure described at previous item. Some animals were catheterized

to be used as blood donators.



Experimental Design 1

Animals remained at the animal care facilities at least for one week before being submitted to
the experimental protocol. During this period, rats were handled during 15 min over five
successive days. Then, animals left carotid artery were catheterized and for the next 48 h rats
were allowed to recover from surgery. Experiments began 48 h after the catheterization
surgery and were cgrried out for the next four days. Everyday rats were brought to a silent
room where they stayed for 60 min. Then a polyethylene tubing extension (25 ¢cm - PES0)
filled with 0.09%% NaCl was connected to the catheter external tip. Blood samples (500 ul)
were withdrawn, and this volume was replaced with 0.9% NaCl solution. Immediately aﬁ:er
each blood sampling, catheters were filled with 5 mM sodium citrate solution and closed.
Everyday, blood samples were collected before and after animals were placed into the
experimental cage. Immediately after collection of the second blood sample animals were

returned to the animal care facilities.
Experimental Design 2

In this group catetherization was performed after the second footshock session. At the next
day, immediately after the third footshock or control session, a blood sample (500 ul) was
withdrawn (-15 min) from the catetherized artery as above described. Blood volume was
replaced with blood collected from a naive donor animal. Another sample was withdrawn
after 15 min (O min), when drug infusion started. Blood samples were also obtained at 5, 15,

30, 45 and 60 min after infusion has been installed. Infusion was maintained for 30 min.

Through the catheter implanted in the left jugular vein rats received one of the following beta-

adrenergic agonists: isoproterenol (0.4nmol/Kg.min), noradrenaline (5.0ug/Kg.min), or
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BR1L37344 {(0.4nmol/Kg.min). Noradrenaline was infused also with prazosin. In this case,
immediately after the third session rats received a intraperitoneal injection of prazosin (0.2
mg/Kg). After 30 min infusion of the noradrenaline (5.0ug/Kg min) plus prazosin

(8.3ug/Kg min) was started.
Plasmatic Determination

All blood samples were collected into plastic vials immerse in an ice water bath and
immediately centrifuged at 5000 rpm for 10 min at 4°C. Aliquots of plasma were removed
and stored at — 20°C until the moment of assays for determination of plasma corticosterone,
glucose, glycerol and triacylglycerols level. Plasmatic glucose was measured by the glucose
oxidase method (commercial kit Laborlab S/A, Brazil). Plasmatic corticosterone was
determined by radioimmunoassay (commercial kit ICN Pharmaceuticals, Inc., EUA). For
glycerol determination pIasrﬁa was previously deproteined (29) and enzymatically assayed

(30). Plasmatic triacylglycerols were measured by enzymatic method (commercial kit

Laborlab S/A, Brazil).



Draugs and Chemicals

ATP, Bovine serum albumine (fraction V), glycerol phosphate dehydrogenase type 1 from
rabbit muscle, glycerol kinase from Candida micoderma, (-)-isoproterenol, NAD, (-)-
norepinephrine, prazosin HC! and sodium citrate from Sigma Chemical Company (USA);
BRL37344 from Tockris Cookson (St. Louis, MO, USA); Xylazine from Bayer S.A (Brazil);

Ketamine from Konig S.A (Argentina)

Statistical Analysis

Data were expressed as means + SEM. Comparison between the plasmatic level of each
compound before and after control or stress procedure during the four successive days of
experiment (experimental design 1) and between the plasmatic level at every time during or
after drug infusion (experimental design 2) were analyzed with the two-way ANOVA for
repeated measures, followed by Tukey's test. Plasma corticosterone level of control and
stressed rats were also compared through the Student’s #-test for dependent and independent

variables. Differences were considered significant at P<0.035.
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RESULTS

Effect of footshock stress on plasma corticosterone, glucose, giycerol and triacylglycerols

fevel,

Figure 1 shows plasma corticosterone level in conscious fed rats before and after footshock
stress. When Student’s t-test was used to compare the level of corticosterone before (B) and
after {A) the contx_'ol or stress procedure in each one of the experimental days, we observed
that the level of corticosterone after (A) control procedure were not significantly different of
the level before (B); in the footshock group the level after (A) stress were higher than level
before (B) at days 1 and 2 (P<0.05). At day 3 level of corticosterone after (A) stress were
higher only in comparison to the level in control group after (A) the control procedure at the
same day (P<0.05). W‘neln ANOVA for repeated ﬁeasures was used to analyze all groups
together, in the control group plasma corticosterone level was not altered before (B) or after
(A) the control procedure, during the four days of experiments. But in the footshock stress
group plasma corticosterone level was higher after (A) footshock stress only at day 3, in
comparison to values obtained in the control group and in the footshock group before
footshock at days 1 and 2 and after footshock at day 1 (P<0.05).

Figure 2 shows that in the control group plasma glucose level was not significantly different
before (B) or after (A) the control procedure at the four days. In the footshock group at day 2
and 3 plasma glucose level had an increase after (A) footshock in comparison to values before
(B) footshock (P<0.05). Furthermore at day 3 the plasma glucose level was higher than all
values in the control group, and in the footshock stress group except in day 2 after footshock
(P<0.05). Plasma glycerol level was not significantly different in both control and footshock
groups after {A) or before (B) contro! procedure or footshock stress at days 1,2 and 3. Plasma
triacylglycerols level (Figure 2) was not significantly different before (B) or after (A) the

control procedure in any of the four days. In the footshock group, plasma triacylglycerols
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level was increased after (A) footshock stress only at day 1 in comparison to value before (B)

footshock (P<0.05).

Effect of isoproterenol, noradrenaline, noradrenaline and prazosin or BRL37344
infusion on plasma glucose, glycerol or triacylglycerols level

After the third footshock session, rats remained into their homecages until glucose plasma
level decreased to value which ﬁas not significantly ditferent from control (15 min). At that
time iv. infusion of saline solution (NaCl 0.09% m/v), isoproterenol (0.4nmol/Kg.min),
noradrenaline (5.0ug/Kg.min), or BR1.37344 (0.4nmol/Kg.min) was installed.

Infusion of saline solution in control animals did not significantly altered plasma level of
glucose, glycerol or triacylglycerols (Figure 3). As above mentioned, immediately after the
third session plasmatic glucose level was higher in stressed than in control rats. During the
following 15 min glucose level in plasma of stressed rats decreased toward the value obtained
in control rats. In control group isoproterenol (0.4nmol/Kg min) induced an increase on
plasma glucose level at 5 min that returned to basal even during the infusion (P<0.05) (Figure
3). In footshock stressed rats plasma glucose level was higher than control during infusion and
15 min after but not 30 min after thé end of the infusion (60 min) (P<0.05). Isoproterenol
infusion in control and footshock stressed animals did not have any effect on plasma glycerol
level (Figure 3). However, in control animals isoproterenol induced an increase in plasma
triacylglycerols level only at 60 min from the start of the inﬁsion that means 30 min after the
end, whereas in footshock stressed animals the same compound induced an earlier increase in
piasma; triacylglycerols level, which was already significantly at 45 and 60 min compared to
the values obtained immediately before infusion (P<0.05; Figure 3).

Noradrenaline (5.0ug/Kg min) did not have any significant effect on plasma glucose or

glycerol level in both groups, control and footshock (Figure 4) except for the comparison
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between times S and 45 min in the stressed animals which were significantly different from
each other (P<0.05). Noradrenaline infusion induced 2 similar profile of variation on plasma
triacylglycerols level at both, control and footshock stressed rats (Figure 4), with the level of
triacylglycerols significantly lower in stressed than control rats, at 15 min after infusion had
been started and 30 min after the end of infusion (Figure 4). Since noradrenaline has a potent
vasoconstrictor effect that might affect the release and/or clearance of subtracts in several
tissues, we analyzed noradrenaline effect in rats which had received prazosin before and
during noradrenaline infusion.

An ip. injection of prazosin did not affect plasmatic level of glucose, glycerol and
triacylglycerols in control rats (Figure 5). However, in stressed rats which have received
prazosin, plasma glucose level remained high during the 30 miﬁ following prazosin 1.p.
injection so that when infusion started, levels were higher in stressed than in control rats
(Figure 5).

When infusion of noradrenaline plus prazosin started there was a tendency to increase the
plasmatic level of glucose although not significantly different from level at time 0, both in
control and stressed rats. However, gﬂer the end of the infusion, plasmatic level of glucose
showed a tendency to decrease towards basal level in control rats whereas level of glucose
remained higher in stressed than in control rats, even 30 min after the end of infusion (Figure
5). A similar tendency was observed in glycerol plasmatic level during the infusion of
noradrenaline plus prazosin. However there was a peak of glycerol level in plasma from
stressed rats 15 min after the end of the infusion when 1gyel of triacylglycerols were also
higher in stressed than in control rats (Figure 5).

BRL37344 (0.4nmol/Kg.min) did not have any significant effect on plasma glucose and
triacylglycerols level in both groups, control and footshock (Figure 6). BRL37344 infusion

had no significant effect on plasma glycerol level in control rats (Figure 6) but in footshock
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stressed rats plasma glycerol level increased towards a peak at the end of the infusion (30

min) regarding to 0, 5 and 15 min in control group and decreased after the infusion had been

finished (Figure 6).
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DISCUSSION

It is known that increase of plasma corticosterone occurs in response to stress and that it is
directly related to the stress intensity being this hormone an indicative of the stress condition
(31,32). Plasma catecholamines level also enhances during the stress reaction {31,33).

Results in Figure 1 show that 48 h after surgery under ketamine anesthesia rats present 26,1 &
2,7 pg of corticosterone/dL. of plasma. This value is significantly ﬁigher than those reported in
a previous publication, when we observed in male rats under the sedative effect of sodium
pentobarbital a basal plasma corticosterone of 13.0 + 0.3 ug/dL (26) but values reported now
are not significantly different from those reported by DE BOER ef af. (31,34) who have
measured plasma corticosterone level in fed rats which have been transferred to a novel cage
and environment, as we have done. Moreover, plasma corticosterone level of control rats
remained unchanged in the following days. Thus, the high level of plasma corticosterone
seems to be typical of conscious rats brought into a different room and submitted to the
procedure of blood collection while freely moving into the cage. Our data also show that after
remaining into the footshock cage for 30 min but not receiving any footshock, plasma
corticosterone level of rats did not show any alteration indicating that during this period
animals did habituate to this procedure. These data are also in accordance with those of DE
BOER ef al. (31,34) who have shown that at this time plasma noradrenaline and adrenaline
levels are already returned to basal level. However, when rats received footshocks, plasma
corticosterone level increases, as expeqted, and it seems that with repetition of the stressor
stimulus, the response is even more éronounced since after the third session the level is
higher than afier the first and second sessions, indicating that animals did not have adapted to
stressor. Many authors have shown that in rats, plasma corticosterone responses were reduced

following repeated presentation of noise (35,36), handling (37), novelty (38,39,40) or
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restraint (41,42,43), whereas with the use of relative intense stressors like footshock
(44,45,46), cold exposure (45), forced running (45,46) or a combination of restraint, light,
noise and tailcutting (47), no such adaptation effect was detected. Moreover, the animals
showed a higher plasma corticosterone level before the third footshock session, what indicates
that with the repetition of the stressful stimulus, some anticipation of the response may occur.

Plasma glucose level followed a pattern which was similar to plasma corticosterone level. In
footshock stressed rats plasma glucose level increased significantly after the second and the
third stress sessions (Figure 2). This is probably a consequence of the permissive effect of
corticosterone on catecholamines effects plus glucagon action stimulating gluconeogenesis
and glycogenolysis at hepatic cells (6) and of endogenous catecholamines alpha-adrenergic
effects inhibiting insulin secretion (11,12). After the first footshock session, the increase in
plasma glucose level was not significant although plasma corticosterone had significantly
enhanced (Student’s 7-test; P<0.05). Although, in contrast to the plasma glucose that increases
progressively with the repetition of stress, plasma triacylglycerols level did not enhance at
days 2 and 3 but is significantly higher than control after the first footshock session (Figure
2). This result suggests a focalization of the hepatic function in the glucose rather than
triacylglycerols production, as stress is repeated, probably utilizing the glycerol released by
the adipose tissue as one of the gluconeogenic subtracts and so maintaining plasma glycerol
level unchanged after stress, despite of the adrenergic stimulation of the lipolysis in the white
adipose tissue (48). All together, these results suggest that after repeated stress an extensive
metabolic response is coordinated to maintain high plasma level of glucose. This post-stress
hyperglycemia seems to be enhanced as stressful stimulus is repeated, suggesting a
sensitization of the stress response.

Since we have previously shown that after this same stress protocol, cardiac tissue and

adipocytes present supersensitivity to the effect of isoproterenol and subsensitivity to
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noradrenaline (49) and BRL (26), we studied the effect of the infusion of these compounds on
plasma level of ghacose, glycerol and triacylglycerols in stressed rats.

In control rats infirsion of isoproterenol induced an increased glycemia with a peak at the 5t
min followed by a slow decrease towards basal value even during infusion. This time course
is probably a consequence of isoprotereno! effect stimulating insulin secretion (50,51,52,53).
In footshock stressed rats glycemia remained higher than in control rats during isoproterenol
infusion, suggesting that in stressed rats; despite of a probable insulin effect, the
glycogenolysis and gluconeogenesis were even higher than in control animals, likely due to
the endogenous catecholamines effect (10) or to a desensitization of tissues to the insulin
effect (54,55). If isoproterenol stimulated the insulin release reducing neoglycogenesis, then
plasmatic glycerol could be used by the liver in the triacylglycerols synthesis, maintaining the
plasmatic level of glycerol unchanged despite of a probable increase in the lipolysis
stimulated by the infused isoproterenol (56,57). Furthermore the late corticosterone
permissive effects to the endogenous catecholamines action could have enhanced this
metabolic pathway, because in stressed rats the increase in the plasmatic triacylglycerols level
was faster and higher than in control animals.

Although noradrenaline have giyéogenolytic and gluconeogenic effects on isolated
hepatocytes (31) and lipolytic effects on isolated adipocytes (57), when infused in rats in vivo,
its vasoconstrictor effect could mask its metabolic action (58). So, with noradrenaline infusion
we did not obtain significant changes in plasma glucose and glycerol levels both in control
and in stressed rats. However, when rats received prazosin (Figure 5) immediately after the
third footshock ses;ion, we observed that glycemia did not decrease towards control level and
remained higher than control during all the period of noradrenaline infusion and even until 30
min after the end of the noradrenaline infusion. On the other hand, in control rats, glucose

plasma level were not modified by prazosin but were increased during the initial five minutes
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of noradrenaline infusion, to slowly decrease towards control level even during the infusion.
Under this condition the effect on glycemia of noradrenaline mediated by beta-adrenoceptors
is similar to the effect of isoproterenol (Figure 3). Then, in stressed rats the beta-adrenergic
effect of noradrenaline and isoproterenol on glycemia seems to be more pronounced than in
control rats. Alpha-1 adrenoceptor antagonists, such as prazosin causes enhancement of the
hepatic glycogenolysis (53,59) and impairment of glucose uptake by adipocytes (60). In
control rats, thesé effects were not enough to causes any glycemia increase. However, in
stressed rats, these effects plus the high level of catecholamines released during stress causes
the observed hyperglycemia.

Addressing to the plasma triacylglycerols level, the infusion of noradrenaline induced a
similar time course both in control and in stressed rats with a mild alteration which is not
significant. When the effect of noradrenaline in the presence of prazosin is analyzed the
pattern of response is different in stressed animals, compared to control and again, the
response seems to be moré sensitive to noradrenaline in stressed than in control rats.
Moreover, the opposite had been reported in vitro, with cardiac tissue and adipocytes isolated
from stressed rats which are subsensitive to the effect of noradrenaline (49,26). Certainly in
vivo conditions are much more complex and involve several other factors which has not been
controlled and subsensitivity of isolated tissues even it is present in vivo is not enough to
overcome the effect of high level of endogenous catecholamines which probably are added to
the infused exogenous noradrenaline. Moreover, in vitro tissues from stressed rats are
supersensitive to adrenaline (26), which is also elevated in stressed rats (31).

In stressed animals, the vasoconstrictor effect of noradrenaline was enhanced, maybe reducing
its release by the liver (61,62) and in control rats it was possible to observe the increase in
plasma triacylgly cerols level as a consequence of the noradrenergic stimulus on its synthesis

by the liver (1,2,3).



51

BRL37344 infusion effect on the glycogenolytic and gluconeogenic functions in the liver did
not alter the plasma glucose level both in control and in stressed rats. So it seems that its
effect might be counterbalanced by the increase of the plasma insulin level (13,14) which
would maintain unchanged the plasma glucose level. Nevertheless beta3-adrenoceptors are
the predominant adrenergic receptor found in white adipocytes of rats (63), and stressed
animals that had an increase in plasma glycerol level were more sensitive to BRL37344
infusion than control ones. This effect seems to be due to the corticosterone permissive effect
on the lipolytic response mediated by: beta3-adrenoceptors (17). Furthermore beta3-
adrenoceptors seem not be involved in the hepatic triacylglycerols synthesis stimulation (64),
allowing the glycerol backlog in the plasma as a result mainly of the stimulation of lipolysis
in the white adipose tissue by BRL37344.

Concluding, the results presented here suggest that repeated footshock stress might induce
metabolic changes driven towards glucose production instead of triacylglycerols, probably
using the glycerol as one of the subtracts, and aithough isolated adipocytes were subsensitive
to noradrenaline {26), in vivo the response to the infusion of isoproterenol, noradrenaline and

BR1.37344 is more pronounced in stressed than in control rats.
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Figare 1: Plasmatic level of corticosterone in conscious fed rats before (B) and afier (A)
control procedure {(days 0, 1, 2 and 3) or 30 min of footshock stress. At day O animals of both
groups were placed into the turned off footshock cage (control procedure). At days 1, 2 and 3
rats from stressed group received 120 footshocks (1.0 mA; 1.0 sec; intervals between 5-25
sec) during 30 min and rats from control group remained into the footshock cage but did not
receive footshocks. Values represent means + SEM. The number of experiments of each
group is expresséd between parentheses. * significantly different from footshock group
before session ( Student’s t-test; P<0.05); + significantly different from control group after
session ( Student ’s i-test; P<0.05); % significantly different from control group before and
after session at days 1,2,3 (ANOVA plus Tukey test; P<0.05); + significantly different from

footshock group before session at days 1,2 (ANOVA plus Tukey test; P<0.03).
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Figure 2: Plasmatic level of glucose, glycerol and triacylgiycerols in conscious fed rats
before (B) and after (A) control procedure (days 0, 1, 2 and 3) or 30 min of footshock stress.
At day 0 animals of both groups were placed into the turned off footshock cage (control
procedure). At days 1, 2 and 3 rats from stressed group received 120 footshocks (1.0 mA; 1.0
sec; intervals between 5-25 sec) during 30 min and rats from control group remained into the
footshock cage but did not receive footshocks. Values represent means = SEM. The number
of experiments of each group is expressed between parentheses. ¢ significantly different
from control group before and after session, and footshock group before session (ANOVA
plus Tukey test; P<0.05);  * significantly d{f)’efent from values of control group after

session and footshock group before session (ANOVA plus Tukey test; P<0.05).
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Figure 3: Effect of i.v. infusion of saline solution (NaCl 0.09 % m/v) or isoproterenol (0.04
nmol/Kgmin) in conscious fed rats on plasmatic level of glucose, glycerol and
triacylglycerols after 3 daily sessions of permanence into the turned off footshock cage
(control procedure) or of footshock stress during 30 minutes. Infusion began 15 min after the
end of the third session . Values represent means = SEM. The number of experiments of each
group is expressed between parentheses. * significantly different from value in control
group (ANOVA plus Tukey test; P<0.05);  + significantly different from value at 0 min
(ANOVA plus Tukey test; P<0.05); *  significantly different from value at 5,15 and 30
min (ANOVA plus Tukey test; P<0.05); & significantly different from value at —

15,0,5,15, and 30 min in control group (ANOVA plus Tukey test; P<0.05).
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Figure 4: Effect of i.v. infusion of noradrenaline (5.0 ug/Kg.min) in conscious fed rats on
plasmatic level of glucose, glycerol and triacylglycerols after 3 daily sessions of permanence
into the turned off footshock cage (control procedure) or of footshock stress during 30
minutes. Infusion began 15 min after the end of the third session . Values represent means &
SEM. The number of experiments of each group is expressed between parentheses. ¢
significantly different from value at 45 min (ANOVA plus Tukey test; P<0.03); *

significantly dz:ﬁ'efent from value at 0 and 30 min in footshock group (ANOVA plus Tukey test;
P<0.05).
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Figure 5: Effect of i.v. infusion of noradrenaline (5.0 ug/Kg.min) + prazosin (8.3 ug/Kg.min)
in conscious fed rats on plasmatic level of glucose, glycerol and triacylgiycerols after 3 daily
sessions of permanence into the turned off footshock cage (control procedure) or of footshock
stress during 30 minutes. Immediately after the third session rats received 0.2 mg/Kg of
prazosin, ip. Thirty min after the end of the third session infusion began. Values represent
means = SEM. The number of experiments of each group is expressed between parentheses.
*  significantly dé;j’erenr from value in control group (ANOVA plus Tukey test; P<0.03);
* significantly different from value at —15 and 0 min in control group (ANOVA plus T ukey
test: P<0.05); + significantly different from value at 0 min (ANOVA plus Tukey test;

P<0.05); ®  significantly different from values of all the times except 45 min in control

group (ANOVA plus Tukey test; P<0.05).
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Figure 6: Effect of i.v. infusion of BRL37344 (0.04 nmol/Kg.min) in conscious fed rats on
plasmatic level of glucose, glycerol and triacylglycerols after 3 daily sessions of permanence
into the tummed off footshock cage (control procedure) or of footshock stress during 30
minutes. Infusion began 15 min after the end of the third session. Values represent means -
SEM. The number of experiments of each group is expressed between parentheses.  +
significantly different from value at ( min (ANOVA plus Tukey ftest; P<0.03); “

significantly different from values at 0, 5 and 15 min in control group (ANOVA plus Tukey

test; P<0.05).
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Certificamos que

o resumo 10- 6 intitulado “Efeito do estresse sobre a sensibilidade da
resposta lipolitica as catecolaminas in vivo “ de autoria de Verago, J.L.;
Ferreira, R.C., Grassi-Kassisse, D. M., Spadari-Bratfisch, R. C. foi

apresentado na

Xl Reuniao Anual da Federacdo de Sociedades de Biologie Experimental-FeSBE,
realizada no Hotel Gioria na cidade de Caxambu-MG, de 26 2 29 de agosto de

1998.
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O resumo n° 08.037,
plasmaticas (CP) de glicose, glicerol e triac
agonistas beta-adrenérgicos.”, de autoria: Verago, J. L.; Ferreir
Kassisse, D. M. Spadari-Bratfisch, R. C., foi apresentado na

intitulado  “Efeito do estresse sobre as concentragbes
iiglicerdis mediante a infusdo de
a, R. C.; Grassi-
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XIV Reunido Anual da Federagao de Sociedades de Biologia Experimental-FeSBE,
realizada no Hotel Gléria na cidade de Caxambu-MG, de 25 a 28 de agosto de 1999.
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