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EffectsofExerciseandIntermittentColdExposureon

ShiveringandNonshiveringThermogenesisinRats
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9uebecCitア,GIK7」P4Canada

AbstractTheeffectsofbothexercisetrainingandintermittentcold

acclimationonheatproduction(shiveringandnonshiveringthermo-

genesis(NST))inratswerestudied.Warm-acclimatedrats(housedat

240C,WA)andintermittentlycold-acclimatedrats(exposeddailyto

-一一50Cfor2h
,CA)wereforcedtorun(25m・min一1forlh)everyday

(WA-TandCA-T).WAandCAleftsedentary(WA-SandCA-S)served

ascontrols.Norepinephrine(NE)-inducedthermogeniccapacityassessed

fromtheincrementofoxygenconsumption(Vo,)andcolonictemperature

(Tc)weremeasured4weeksaftercommencingacclimationandexercise

training.ThethermogeniccapacitywasgreaterinCAthaninWA.

However,inWA,WA-TrespondedtoNElessthanWA-S,whereasthe

responseofCA-TandCA-Sdidnotdiffer.Wetweightofinterscapular

brownadiposetissue(IBAT)anditsprotein(anddrymatterregarded

tobehighlyrepresentativeofprotein)contentwerelargerinCAthanin

WA.RespectivesedentaryandexercisedgroupsofratshadsimilarIBAT

protein(anddrymatter)contentalthoughtissueweightwaslighterin

WA-TthaninWA-S.LipidcontentofIBATwasalsolargerinCAthan

inWA.IBATofWA-ThadlesslipidcomparedtothatofWA-Swhileno

differencewasseenbetweenCA-SandCA-T.Shiveringactivityduring

acutecold(40C)exposurewaslessinCAcomparedtoWAandtherewas

nodifferencebetweenrespectivegroupsofexercisedandsedentaryrats.

Propranolo1,ablockerofNE-dependentNST,eliminatedthedifferencein

shiveringamongthesefourgroups.Whenexposedtoseverecold(-100r

-200C)
,thefallinT,ofratsfastedfor18hwasgreaterinWAthanin

CA.CA-TshowedagreaterdecreaseinTcthanCA-Sduring-200C

exposurewhileitdidnotdifferduring-100Cexposure.Ontheother

hand,T,ofWA-TandWA-Sdidnotdiffersignificantlyduringeithercold

expoミureperiod.Theseresultssuggestthatexercisetraininginratshoused

at240CsuppressesNE-dependentNSTwhereasanothernonshivering

thermogenicmechanism(NE-independent)血aycompensatethissup-

pression.However,NE-dependentNSTofWA-SandWA-Tdidnot
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parallelprotein(drymatter)contentofIBAT;nodifferenceexistedin
IBATproteinbetweenthesetwogroups.Ourresultsalsoshowthat
exercisetraining:i)doesnotsuppressNE-dependentNSTinCAandii)
doesnotaffectmaximalshiveringactivityofWAandCA.

Keywords:exercisetraining,intermittentcoldacclimation,shivering

activity,norepinephrineresponse,brownadiposetissue.

Exercisetraininghasbeenreportedtoimprovecoldtoleranceofmammals

(CHINetal.,1973;OsTMAN-SMITH,1979;AsTRuP,1986)andtoretardthelossof
coldadaptabilityofanimalsthatwereexercisedduringtheprocessofcold

deacclimation(MoRIYA,1986).Thelatterstudysuggeststhatthegreaterdegreeof
norepinephrine(NE)-stimulatednonshiveringthermogenesis(NST)retainedinthe

exercised,cold-deacclimatinganimalswouldexcludetheparticipationofbrown
adiposetissue(BAT).BATisthoughttobethedominantsiteofNSTincold-

acclimatedrats(FosTERandFRYDMAN,1978,1979).Inaddition,exercisetraining

performedconcomitantlywithintermittentcoldexposurewasobservedtoprevent
theincreasedgrowthofBATandthechangeinenergybalancethatoccurredin

sedentary,intermittentlycold-exposedrats(ARNoLDandRlcHARD,1987).Inother
words,exerciseperformedduringintermittentcoldexposureappearedtoeliminate

thecoldacclimationobservedtooccurinsedentarycold-exposedrats.Theresultsof
ArnoldandRichard(1987)alsosuggestthatifexercise-inducedimprovementin

coldtoleranceoccurs(CHINetal.,1973;OsTMAN-SMITH,1979;AsTRuP,1986),it
wouldnotseemtobedirectlyrelatedtoBATthermogeniccapacity.However,the

mechanismandtissuesinvolvedintheinteractionbetweenexercisetrainingand
coldacclimation(includingimprovedcoldtolerance)remainunidentified.

Thusthepresentstudywasconductedtoexaminetheeffectsofintermittent

exposuretoseverecoldfollowedbyexercisetrainingatroomtemperatureonNST

andBATpropertiesinrats.Inotherwords,wouldintermittentcoldexposureand
exercisetrainingprovetohaveanadditiveeffectintermsofimprovementin
thermoregulatorythermogenesisinrats?Moreover,itwaspostulatedthaten-
duranceexercisetraining,bymodifyingmusclecharacteristics(BANcHERoetal.,

1979;HuRLEyetal.,1986;MOLLER,1976)mightalsoaltershiveringthermogenesis,

whichisknowntooccurviacontractionsinskeletalmuscle.Thereforeshivering
activityandnonshiveringthermogeniccapacityweresimultaneouslyevaluatedin

exercise-trainedandintermittentlycold-acclimatedrats.

MATERIALSANDMETHODS

Animalsandtreatments.MaleWistarratswithameaninitialbodyweightof

l47gweredividedintotwogroups.Onegroupwashousedat24±10Cfor6weeks

(warm-acclimatedrats,WA)andthesecondgroupwasexposedto--50Cfor2h
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everymorning(7days/week)butlivedtheremainderofthetimeat24±10Cfor6

weeks(intermittentlycold-acclimatedrats,CA).TheseWAandCAgroupswere

eachfurthersubdividedintotwogroups,sedentary(WA-S,CA-S)andexercise-

trained(WA-T,CA-T)groups.WA-TandCA-Twereforcedtorundaily(7

day/week)ataspeedof25m・min-1forlhonamotor-driventreadmill(mdl2A,

QuintonInstruments,Washington,U.S.A.).ExercisetrainingofwA-Twas

performedinthemorningwhileCA-Twasexercisedintheafternoonapproximately

2haftertheirdailycqldexposure.Animalswerecagedindividuallyandprovided

standardcommerciallaboratorychow(RodentLaboratoryChowNo.5001,

RalstonPurinaCo.,Indiana,U.S.A.)andtapwateradlibitum.Theanimalroom

wasilluminatedfromO600to1800H.Foodintakeandbodyweightweremeasured

twiceaweekwithspilledfoodcollected,weighedandsubtractedfromtheintake

values.Thesemeasurementsweremadefora4-weekperiodintheexperiments,

betweenweeks2and5.

Themeasurementofoxygenconsumption(Vo,)andcolonictemperature(Tc)

responsestoNE(NEtests)weremade4weeksintotheexperiment.Shivering

activitywasmeasuredinthe5thweek,4daysaftercompletingNEtests。Changein

Tcduringacuteseverecold(-100r-200C)exposure(coldtolerancetests)was

examinedinratsfastedfor18hduringthe6thweekoftheexperiment,approx-

imately6daysafterthemeasurementofshivering.Sixdaysthereafter,ratswere

sacrificedbydecapitationforanalysisofBAT.

NEtests.ThecalorigenicresponsetoNEadministrationwasassessedby

measuringchangesinVo2andTc.Fourweeksintotheexperiment,NE(1-arterenol

bitartrate,SigmaChem.Co.,St.Louis,U.S.A.)wasintramuscularlyadministered

atafreebasedoseof200μg(in100μlofO.9%NaCl)・kgbodyweight-1inrats

anesthetizedwithpentobarbital(Somnotol,M.T.C.Pharmaceuticals,Mississauga,

Canada;50mg・kgbodyweight『1,i.p.;20mg・kgbodyweight一1,s.c.added45min

later)㌔

Vo2wasmeasuredby'anopencircuitsystemwithanimalscontainedinsmall

plasticcages(volume2,000ml)inanexperimentalroomat27±10C.Airwasdrawn

throughthecagesata且owrateof500ml・min『1andpumpedintoanoxygen

analyzer(mdlS-3AI,ThermoxInstrumentsDivision,Pittsburgh,U.S.A.).Vo2was

calculatedbymultiplyingtheair且owthroughthecagesbythedifferenceinoxygen

concentrationbetweenroomairandairfromwithinthecages・Astablerestingレb2

0feachratwasmeasuredover45min,andthereafterVo、responsetoNEwas

measuredfor60minfollowingtheinjection.The負rstVo2measurementsobtainedin

therestingandinNEresponseconditionswereexcludedduetothe15min

equilibrationtimeofthisV()2analyzingsystem.

Tcwasmeasuredatrestand60minafterNEadministrationusingather-

mocoupleinserted5cmbeyondtheanus.

BA7「analysis.InterscapularBAT(IBAT)wasdissectedandcleanedof

adheringmuscle,whitefatandconnectivetissuebeforebeingweighed.Asampleof

IBAT(100-200mg)wasputinalipid-extractionmixture(chloroform:methanol,

Vol.37,No.4,1987
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2:1(v/v))(FoLcHetal.,1951)andthereaftergentlyshakenfor6h.Lipid,lipid-free

drymatter(essentiallyproteinandcarbohydrate),andwatercontentofIBATwere

thereafterassayedandcalculatedasdescribedpreviously(KuRosHIMAandYAHATA,

1985).TheremainingIBATwashomogenizedinice-coldsucrosebuffersolution

(pH7.2)andasamplewasusedforthedeterminationofthetotalproteincontent

(ScHAcTERLEandPoLLAcK,1973).

Shiveringmeasurements.Priortothemeasurementofshivering,animalswere

adaptedtorestquietlyinwirecagescustom-constructedtotheirbodysizes.Thus

ratsdidnotturnormoveexcessivelyonceplacedinthesecages.Shiveringactivity

wasmeasuredat240Cfor5mininallratsandthenat40Cfor2minevery15minfor

150min.Sixtyminaftercommencingcoldexposure,propranolol(5mg・kgbody

weight一1,s.c.)wasinjectedinordertoinducemaximalshivering.Shiveringactivity

wasassessedfromtheelectromyographicactivityofthegastrocnemiusmuscle,

usingneedleelectrodesandadynograph(mdlR411,BeckmanInstrumentsInc.,

Illinois,U.S.A.).Themeanshiveringactivityofeachmeasurementwasquanti五ed

fromtheamplitudeofapproximately300consecutivespikes.T.wassimultaneously

measuredimmediatelypriortopropranololinjectionand90minaftertheinjection,

asdescribedabove.

Coldtolerancetests.After18hoffasting,halfoftheratsfromallgroups,in

theirindividualwirecages,wereexposedto-100Cfor6hwhiletheremainingrats

wereexposedto-200Cfor3to4h.Duringcoldexposure,Tcwasmeasuredas

describedabove.

Statistics.Datawereanalyzedusing2×2analysisofvariancetoevaluate

thesignificanceofintermittentcoldexposure,exerciseload,andanyinteraction

betweenthesefactors.Individualmeancomparisonswereperformedusingone-way

analysisofvariance(ANOVA)andStudent'st-tests.Datawereconsidered

statisticallysignificantifp<0.05.Theresultsareexpressedasmeanvalues±S.E.

RESULTS

Foodintakeandbod .アweightgain

AspresentedinTable1,foodintake(g)forWA-S,CA-S,andCA-Twas

comparableandsignificantlylargerthanthatofWA-T.Bothexercisetrainingand

intermittentcoldexposuretendedtoretardbodyweightgain(Table1)althoughthe

differenceswerenotsignificant.

ノVEtests

Table2showsレb2andTcresponsestointramuscularlyi切ectedNElnrats

fromthefourgroups.RestingVo、ofthefourgroupsdidnotdiffer.MaximalVo2

responsetoNEwasobservedtooccurconsistentlywiththethirdairsample(48to

52minafterNEinjection)andforthatreasonthisvaluewasusedasrepresentative　
ofNEresponse.TheVo2responsetoNE,expressedasthedifferencebetween

restingandmaximalresponsevalues,wassignificantlygreaterinCAcomparedto

JapaneseJourna1(ゾP妙 ∫`0109ア
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Tablel. Foodintakeandbodyweightgainincold-exposed

andexercise-trainedrats.

WA-S

(n=10)

WA-T

(n=10)

CA-S

(n=9)

CA-T

(n・10)

(1)Foodintake(9)

(2)Initialbodyweight(g)

(3)Finalbodyweight(g)

(4)Bodyweightgain(g)

(5)Foodintake×bodyweight

gain-1((1)・(4)-1)

741十10a

l98十4a

342十8a

144十7a

5.3+0.3a・b

701十llb

191十3a

325十6a・b

l35十5a

5.3十 〇.2a

734十13a・b

l89十3a

320十6b

131十7a

5.7十 〇.3a・b

747十15a

l86十4a

313十7b

127十5a

6.0十 〇.3b

Valuesaremean±S.E.WA-S,sedentarywarm-acclimatedrats(240C);WA-T,exercise-

trained,warm-acclimatedrats;CA-S,sedentarycold-acclimatedrats(exposedto40Cfbr2h

daily);CA-T,exercise-trained,cold-acclimatedrats.Withineachrow,valuesnotsharing

samesuperscriptsaresignificantlydifferentatp<0.05(e.g.734±13a・bisnotdifferentfrom

741±10aor701±llbbut741±10aisdifferentfrom701±11b).Thesemeasurementswere

madeovera4-weekperiodbetween2and5weeks.SeeMATERIALSANDMETH-

ODSforfurtherdetails.

○

　
Table2.Changesinoxygenconsumption(V()2)andcolonic・temperature(Tc)

indμcedbynorepinephrine(NE)injectioninpentobarbital-anesthetized

ratsfbllowing4weeksofacclimationandexercisetraining.

WA-S

(n=10)

WA-T

(n=10)

CA-S

(n=8)

CA-T

(n=10)

V,)、(ml・kgbodyweight一 〇・67)

(1)Resting

(2)48-52minafterNE

mJectlon

(3)Difference((2)一(1))

16.3十1.oga

30.2十1.50a

十13.9±1.2ga

15.7十 〇.67a・bl6.4十1.38a・b16.4十 〇.67b

24.7十1.12b36.5十2.59c33.1十1.19a・c

十9.0十 〇.90b十20.1十1.96c十16.9十1.26c

Tc(OC)

(1)Resting

(2)60minafterNE

lruectlon

(3)Difference((2)一(1))

37.9十 〇.19a37.7十 〇.14a

40.2十 〇.32a・b39.2十 〇.22b

37.7十 〇.12a37.0十 〇.26a

41.5十 〇.27c・d40.4十 〇.31d

十2.3十 〇.22a十1.4十 〇.17b十3.8十 〇.29c 十3.4十 〇.20c

Valuesaremean十S.E.AbbreviationsarethesameasthoseusedinTablel.Withineach

row,valuesnotsharingsamesuperscriptsaresignificantlydifferentatp<0.05.DetailsofNE

testsaregiveninMATERIALSANDMETHODS.

WA.InWA,WA-SshowedagreaterresponsetoNEthanWA-Twhilenodiffer-

encewasobservedbetweenCA-SandCA-T.

RestingTcofthefourgroupswasalsonotdifferentamongthesefourgroups.

T.responsetoNE,thedifferencebetweenrestingT.andT,measured60minafter

Vol.37,No.4,1987
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Table3.Compositionsofinterscapularbrownadiposetissue(IBAT).

WA-S

(n=10)

WA-T

(n=10)

CA-S

(n=9)

CA-T

(n=10)

IBAT

(1)Wetweight(mg)

(2)Relativeweight

(mg・100gbodyweight-1)

(3)Protein(mg)

(4)Relativeprotein

(mg・100gbodyweight-1)

366十26a

lO2十6a

277十18b

87+5・

757十35c

218十8b

662十60c

l99十17b

25.5十1.4a28.1十2.la55.1十1.9b57.7十2.4b

7.2十 〇.46a8.9十 〇.75a16.0十 〇.79bl7.5十1.Ob

(5)Lipid(mg)
(6)Lipid-freedrymatter(mg)
(7)Water(mg)

182十21a

39十3a

l47十12a

116十6b

33十2a

l27十13a

410十18c

79十6b

266十17b

321十33c

80十7b

262十24b

Valuesaremean±S.E.Lipid-freedrymatterニprotein十carbohydrate.Abbreviations

arethesameasthoseusedinTablel.Withineachrow,valuesthatnotsharingsame

superscriptsaresignificantlydifferentatp<0.05.SeeMATERIALSANDMETHODSfor

furtherdetails.

e

NEinjection,wasgreaterinCAthaninWAwhileWA-TrespondedlessthanWA-

S.TcresponseinCA-SandCA-Tdidnotdiffer.

BATanalysis
IBATweightanditsprotein(lipid-freedrymatter),lipidandwatercontent

weregreaterinCAcomparedtoWA(Table3).InWAIexercisetrainingdecreased
IBATweightanditslipidcontent,butnotitsprotein(drymatter)content.
However,therelativeweightofIBAT(relativetobodyweight)wasnotdifferent
betweenWA-TandWA-S.WeightandproteincontentofIBATwassimilarinCA-
SandCA-T.

Shiveringmeasurements

AscanbeseeninTable4,shiveringactivityassessedfromelectromyographic

recordings(Fig.1)didnotdifferat240Camongthefourgroups.During15to

60minofcold(40C)exposure,shiveringincreasedstrikinglyinWAandmoderately

inCA.Theincrementinshiveringinducedbyacutecoldexposurewasgreaterin

WAthaninCA.Ontheotherhand,propranololinjectioneliminatedthedifference

inshiveringactivitybetweenbothCAandWAbyenhancingshiveringinCAmore

thaninWA.Nosignificantdifferencewasobservedinshiveringbetweenrespective

sedentaryandexercisedgroupsofrats.

TcmeasuredsimultaneouslywithshiveringactivityarereportedinTable4.

Propranololinjectioncausedasimilarsigni且cantfallinTcinthefourgroups.

JapaneseJournal()fPhysiology
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Table4.Changesinshiveringactivityandcolonictemperature(Tc)
duringcoldexposurefor150min.

WA-S

(n=10)

WA-T

(n=10)

CA-S

(n==8)

CA-T

(n=10)

Shiveringactivity(μV)

(1)Resting19±3a

(2)Meanofcoldexposure104±7a

beforepropranololinjection

(3)Difference((2)一(1))

ρ*

(4)90minafterpropranolol

lrりectlon

(5)Difference((4)一(2))

ρ*

十85十7a

<0。Ol

l36十21a

十23十10a

<0.05

26十3a

103十5a

十77十6a・b

<0.01

156十13a

23十5a

80十7b

十58十9b・c

<0.01

141十12a

36十8a

72十6b

十34十7c

<0.01

126十14a

十50十8a・b十59十16a・b十52十8b

<0.Ol<0.OI<0.Ol

Tc(OC)

(1)Incoldimmediatelypriorto

propranololinjection

(2)90minafterpropranolol

lrりectlon

(3)Difference((2)一(1))

ρ*

38.1十 〇.17a38.3十 〇.11a38.1十 〇.13a38.1十 〇.17a

35.7十 〇.82a36.0十 〇.79a37.1十 〇.29a37.4十 〇.28a

一2 .3十 〇.88a-2.3十 〇.76a-1.1十 〇.37a-0.7十 〇.32a

<0..05<0.05<0.05<0.05

Valuesaremean±S.E. .p*fordifference.AbbreviationsaretheSameasthoseusedin

Table1.Withineachrow,valuesnotsharingsamesuperscriptsaresignificantlydifferentat

p<0.05.DetailsofshiveringmeasurementsaregiveninMATERIALSANDMETHODS.

P

Coldtolerancetests

ChangeinTcinratsfastedfor18hwasdeterminedduringacuteexposureto

--100C(Fig .2)and-200C(Fig.3).RestingTcwasnotdifferentbetweengroups.

AsillustratedinFig.2,TcofCAwashigherthantheirrestingTc3to6hafter

commencingexposureat-10。C.Ontheotherhand,T,ofWA-Tincreased3hafter

commencing-100CexpoSurebutdecreasedthereafter.TcofWA-Sdidnot

increaseatanytimeintheexperiment.T』ofWA-SwaslowerthanthatofCA-Sand

CA-Tduring-100Cexposure.WA-TshowedlowerTcthanCA-Safter3hof

-10。CexposurealthoughnosignificantdifferencewasobservedbetweenWA-S

andWA-TorbetweenCA-SandCA-T.T.ofratsdecreasedfasterduringexposure

at--20than-10。C,exceptforCA-S.AfewratsofWAhadT.Iowerthan300C

after3hofexposure;coldtolerancetestat-200CwasthusterminatedfbrWA

after3hofexposure.During-200Cexposure,T.ofWAdecreasedstrikingly,T,of

CA-TdecreasedslightlyandT,ofCA-Sincreased(Fig.3).CA-ThadlowerT,than

CA-SwhiletheT.ofWA-TdidnotdifferfromthoseofWA-Sduring-200Cex-

posure・

Vol.37,No.4,1987
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60minofexposure

o↑4。C

90minGf↑er

Pr「opranololinjection

100りV[
t 麟 WA-S

WA-T

鹸 繍細
CA-S

獅 榊鵬醐

lsec一
CA-T

Fig.1.Examplesoftypicalexperimentalelectromyographsmeasuredinallgroupsof
ratsat40Cbeforeandafterpropranololadministration(directlyphotographed
fromrecordingsheets).Detailsofshiveringmeasurementsaredescribedunder
MATERIALSANDMETHODS.Abbreviationsarethesameasthoseusedin
Table1.

DISCUSSION

WhencomparedtoWA(WA-SandWA-T),CA(CA-SandCA-T)showed

hypertrophyandincreasedproteincontentofIBAT(Table3),greatercalorigenic
responsetoNE(Table2),lessshiveringactivityuponcoldexposure(Table4),anda

greatercoldtolerance(smallerfallofT.)inseverecold(Figs.2,3).Thesefindings
observedinintermittentlycold-acclimatedratshavebeenpartiallyreportedby

otherinvestigators(LEBLANc1967;LEBLANcetal.,1967;BARNARDandSKALA,
1970;ARNoLDandRIcHARD,1987)andareamongthecommonadaptations
detectedinchronicallycold-acclimatedanimals(ALExANDER,1979).However,food

intakeofintermittentlyCAinthepresentstudywasnotaugmented(Tablel)as
observedinotherstudies(HARRIetal.,1984;ARNoLDandRlcHARD,1987).In

chronicallycold-exposedanimalsenergyintakeisgenerallyincreasedcompensatory
toincreasedenergyexpenditure(HARRIetal.,1984;RlcHARDeta1.,1986).

JapaneseJournal()fPhysiologア



EXERCISETRAININGANDCOLDACCLIMATION 723

Tc(。C)

38

37

36

工

/

/

』
イ

～
/

太

平

タ

も

売

'
爪

./
/

ラ

ラ

ラ

ラ

5

5

5

5

く

く

く

く

も

イ

心

汀

脆

肱

㎝

㎝

O

●

ロ

■
嶺P《O,05Y皇CA-S

→【P《0,05y篁CA-T

一一
Ol23456

Timeofcoldexposureo†-iOoC(h)

Fig.2.Time-coursechangeincolonictemperature(Tc)ofallgroupsofratsexposedto
-100Cfor6h .DetailsofTcmeasurementsofratsexposedtoseverecold(cold
tolerancetests)aredescribedunderMATERIALSANDMETHODS.
AbbreviationsarethesameasthoseusedinTablel.

After4weeksofexercisetraining,WA-ThadlessthermogenicresponsetoNE

comparedtoWA-S(Table2).However,IBATprotein(andlipid-freedrymatter
regardedtobeessentiallyrepresentativeofprotein)content,determined6weeks
aftercommencingexercisetraining,didnotdifferbetweenWA-SandWA-T(Table

3).ItiswellknowninrodentsthatBATisthedominantsiteofNST(FosTERand
FRYDMAN,1978,1979)whichismainlymediatedbyNE(seereviewofLANDsBERG

andYouNG,1983).SinceoverallIBATproteincontentisreportedtocorrespond
withthemitochondrialuncouplingproteincontent(directlyproportionaltoBAT

thermogeniccapacity)ofthistissue(DEsAuTELs,1985),diminishedNE-induced
heatproductioninourWA-TdoesnotappearrelatedtodepressedBATfUnction.

Indeed,contributionoftotalBATtoNE-inducedheatproductionisapproximately
40%inanesthetizedwarm-acclimatedrats(FosTER,1984).ThusinWA-T,the
responsetoNEintissuesotherthanBATmightbedecreased,butfurtherstudies

arenecessarytodetectthedepressedtissuesitesofexercisetraining-induced
suppressionofNE-stimulatedthermogenesis.Althoughendogenouslyproduced

freefattyacids,apartfrombeingthemajorsubstratemoleculeinoxidativeheat

productioninBAT,alsoregulatetheuncouplingproteinintheinnermitochondrial
membrane(directlyrelatedtoheatproduction)(BuKowIEcKI,1984;NIcHoLLsand
LocKE,1984),itcannotbestatedwithcertaintythatthelowerfatcontentinIBAT

Vol.37,No.4,1987



724 K.MORIYA,J.LEBLANC,andJ.ARNOLD
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1 1

証
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Timeofcoldexposureat-200c(h)

4

Fig.3.Time-coursechangeincolonictemperature(T、)ofallgroupsofratsexposedto

-200Cfor3to4h .Detailsof7毛measurementsofratsexposedtoseverecold(cold

tolerancetests)aredescribedunderMATERIALSANDMETHODS.

AbbreviationsarethesameasthoseusedinTablel.

ofWA-T(Table3)causestheirdiminishedcalorigenicresponsetoNE.Small
amountsoffreefattyacidscompared .toendogenousglyceridescaninduceheat

productioninBAT(BuKowIEcKI,1984;NIcHoLLsandLocKE,1984)andourlipid
measuresincludebothfreefattyacidsandglycerides.Thisresulthastobe
interpretedcautiously.

However,WA-TshiveredwithsimilarmagnitudecomparedtoWA-Swhen

theywereexposedto40C(Table4).SinceshiveringandNSTaretwoheat

productionsystemsactivatedinacoldenvironment(ALExANDER,1979)andTcof
bothWA-SandWA-Tdidnotdifferduringtheperiodofcoldexposurefor
shiveringmeasurement(Table4),overallNSTcapacityisinferrednottobe

differentbetweenbothgroups,eventhoughgreaterNE-dependentNSTexistsin
WA-SthaninWA-T(Table2).BetweenbothWA-SandWA-T,maximalshivering

(followingpropranololadministration)wasalsosimilar(Table4).Shiveringactivity
afterpropranololadministration,knowntoblockmainNSTinrodents

(ALExANDER,1979),appearedtobeclosetomaximalvaluessincebodytemperature

progressivelydroppedduringtheperiodofcoldexposure(Table4).Shiveringinthe

gastrocnemiusmusclewasusedtopredictchangesintotalshiveringcapacityof
animals.Sinceshiveringinvariousskeletalmusclewashighlysynchronous

(HERouxetal.,1956;HoHToLA,1982),thevaluesofshiveringinthegastrocnemius
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?

musclearededucedtoberepresentativeoftotalshiveringactivityofouranimals.

Theresultsofthecoldtolerancetests(Figs.2,3)alsosuggestthatWA-Thave

similarnonshiveringthermogeniccapacitycomparedtoWA-S.Inadditionto

identicalmaximalshiveringactivity(Table4),decreaseinTcduringexposureat

-100Cand-200Cwasalsonotdifferentbetweenthesetwogroups.Inwarm-

acclimatedratsBAT,aswellasheart,respiratorymuscles,splanchnicorgans,and

skeletalmuscle,hasbeenshowntorespondtoinfUsedNE(FosTER,1984).Further,

otherhormonesthathavebeenshowntoinfiuenceBATNST,suchasglucagon づ
(KuRosHIMAetal.,1978;BILLINGToNetal.,1987)andcorticosteroids

(Wt!TNNENBERGetal.,1974)mightplayasignificantroleinheatproductioninother

tissuesofWA-T.

CA-TandCA-SshowedcomparablethermogenicresponsetoNE(Table2),

similarhypertrophy,andproteincontentofIBAT(Table3),similarsubmaximal

(40C)andmaximal(propranolol)shiveringactivity(Table4),comparablefood

intakeandbodyweightgain(Tablel),andsimilarincreaseinT,whenexposedto

-100C(Fig .2).Theseobservationsindicatethatourmoderate-intensityexercise

trainingprogramperformedwithdaily,short-termgoldexposuredidnotmodifン

anyoftheadaptationsthatwereobservedtooccurinoursedentary,intermittently

cold-acclimatedrats.Exercise(running)performedsimultaneouslywithintermit-

tentcoldexposurehasbeenpreviouslyshowntosuppresscoldacclimation

(ARNoLDandRIcHARD,1987).However,inCA-T,T.decreasemeasuredat-200C

wasgreaterthanthatinCA-S(Fig.3).Intheseverecoldenvironment,fastedCA-T

wereunabletomaintaintheirbodytemperaturetothesameextentasfastedCA-S.

Thedifferencemightbeexplainedbythe伽dingthatfastingdepressesoverall

metabolism,especiallyingutandskeletalmuscle(MAandFosTER,1986)andour

trainedratsmayhavehadagreaterskeletalmusclemass,duetotheexercise

program.Thus,fastingwouldhavecausedalargerdepressionofmetabolismin

skeletalmuscleofourexercisedratsanddiminishedtheirabilitytoaugment

thermogenesisinthecold.However,CA-TwouldhavehadasimilardegreeofNE2

inducednonshiveringthermogeniccapacityinthefedstatecomparedwithCA-S.

ThustheoverallmetabolicresponsetoNE(measuredinthenormallyfedstate)

appearedsimilarbetweensedentaryandexercise-trainedCAratsdespitethermo-

genicdifferencesbetweendifferenttissues.However,furtherstudies,possiblyin-

volvingbloodflowandoxygenuptakemeasurementsinindividualtissues,arere-

quiredtotestthishypothesisinexercise-trainedrats.

TheauthorswishtothankDr.DenisRichardforhelpfuldiscussionduringthe

preparationofthemanuscript,andPierretteSimpsonandJoseeLalondefortheirexcellent

aSSlstance.
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