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SIMULATIONOFNONSHIVERINGTHERMOGENESISINCOLD:

ASSESSMENTOFUPTAKEANDOXIDATIONOFFREEFATTY

ACIDSINTHETHERMOGENESISOFRATSTREATED

CHRONICALLYWITHNOREPINEPHRINEANDTHYROXINE
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INTRODUCTION

Inpreviousstudiesweinferredthatanenhancednollshiveringthermogenesis

(NST)incold-acclimatedanimalswasexplicablebyanincreaseinoxidationof

plasmafreef庶tyacids(FFA)ratherthanitselevateduptakebytissues(MoRIYA

etal.,1974,1977).Ontheotherhand,weshowedinagreementwithLEBLANc

andVILLEMAIRE(1970)thatchronictreatmentwithnorepinephrine(NE)andthy-

roxine(T4)resultedinasimulationofcoldacclimation:anincreaseinNSTand

uptakeofFFAwasdemonstratedinresponsetoinfusionofNE,amediatorof

NST(MoRIYAetal.,1975).InthisstudythemodeofactionofNEandT4inthe

enhancedutilizationofFFAwasexaminedinrats.

METHODS
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Wistarmaleratsagedfrom30to45daysold,weighingaverage112g,weredividedintofollo・

wingfourgroups.Thefirstgroupwaswarm(220C)-acclimatedcontrolsinjecteds.q.witholive

oilvehicle.ThesecondwasinjectedwithNEsuspendedinoliveoilinadailydoseof70μg/100g

bodyweight(NEgroup).InthethirdT4wasir噸ectedinadoseof5μg/100g(T4group).The

fourthwascold-acclimatedratsexposedto5。C.Thistreatmentcontinuedfor6weeks.The

animalswereprovidedwithwaterandratchow(OrientalMF)adlibit〃 〃z.CO20utputwas

measuredasanindicatorofthermogenesisandplasmaFFAuptakeanditsoxidationwere

estimatedbyaconstantintravenousinfusionmethodof14C-palmitatealbumincomplexunder

pentobarbitalanesthesia(70mg/kgbodyweight,i.p.).Detailsweregiveninapreviousreport

(MoRIYAet、al.,1977).Thediaphragmfromananimalineachgroupwasfixedwithneutralpara-

formaldehydeplusglutaraldehydesolution,followedbypostfixationwithMillonig'ssolution.

Athinsectioncutonaultramicrotomewasobservedunderanelectronmicroscope,andthe

mitochondrianumberwascountedonmusclefiberschosenatrandom.

RESULTS
レ
◎

CO20utput,inresponsetoNEinfusionatarateof2μg/minfbr20min,increased

from20土3μmol/min/100gbodyweightto72±6inNEgroup(n=12),from
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35士5to64土5inT4group(n=10),from31±4to94±8incold-acclimated

rats(n==12)andfrom20±2to43±3incontrols(n=15).Theincreasewas
な ぬら

greaterinNEgroupthanincontrols。 、andwassimilarinmagllitudetocold-accli-

matedrats.InitialvaluesinT4groupwerehigherthanthoseincontrols,butincre-

mentalchangesdu.etoNEinfusioninbothgroupsdidnotdiffer.TheplasmaFFA

uptakebytissuesincreasedinresponsetoNEinfusioninallgroups,butincreases

ofFFAuptakeweresimilaramongthesegroups.Theoxidationrateofplasma

FFAalsoincreasedinallgroups.InNEgroupitskwaselevatedfromO.14土0.02

μEq/min/100gto2.35土0.30,fromO.28±0.07to2.17士0.33inT4group,from

O.21±0.03to2.40±0.24incold-acclimatedrats,andfromO.09士0.01toO.86士

士0.10incontrols.Theincreasesinthefirstthreegroupsweregreaterthanthat

inthecontrols.SimilarfractionsofplasmaFFAtakenupbytissueswereoxidized

underbasalstateinthesegroups,exceptahighervalueinT4group.DuringNE

infusion,thepercentageofFFAuptakeoxidizedwaselevatedto32%incontrols,

73%inNEgroup,64%inT4groupand51%incold-acclimatedrats.Theincrease

inNEandT4groupwasgreaterthanthatincontrolsandwassirnilartothatof

coldacclimatedones.Sincethepercentageisconsideredasagoodparameterof

heatproductionduetoFFAoxidation,relationshipbetweenthepercentageand

CO20utputwasexamined.Nodifferencewasfbundamongtheregressioncoeffi-

cientinthefourgroups.Numbersofmitochondriawhichareintracellularsite

ofFFAoxidationandrespirationwerell4±10/mm2incontroldiaphragm,172士

=L10inNEgroupand205土10inT4group。
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SUMMARY

InratstreatedchronicallywithNEandT4,enhancedNATwithaconcomitant

increaseintheutilizationofplasmaFFAwasobserved.Thisincreasedutilization

ofplasmaFFAwasreflectedinamorepreferentialincreaseintheoxidationof

FFAthaninFFAuptake。Thesebiochemicalfindingsareconsistentwiththemor-

phological'findings:anincreasedmitochondrianumberinskeletalmuscles.Both

biochemicalandmorphologicalchangesofsimilarnaturewerefoundincoldaccli-

matedrats.
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