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AbstmctInratstreatedchronica皿ywithnorepinephrineandthyroxine,

enhallcednonshiveringthermogenesiswasobserved,withaconcomitan.t

increaseintheutilizationofplasmafreefattyacids(FFA).Theincreased

utilizationofplasmaFFAwascharacterizedbyamorepreferentialin-

crementintheoxidationofFFAintissuesratherthanthatintheuptake

ofFFAbytissues.Thesebiochemical加dingswereaccompaniedbyan

increasedmitochondrialmassinredfibersofskeletalmuscle.Bothbio-

chemicalandmorphologicalchangesofasimilarnaturewerefbundin

cold-acclimatedrats.

Enhancednonshiveringthermogenesis(NST)isoneofthecharacteristicsof

coldacclimationinsmallanimalssuchasrats.Inapreviousstudy(MoRIYA

etal.,1977),weshowedthatanelevatedNSTincold-acclimatedanimalsisexpli.

cablemoredirectlybyanincreaseinoxidationofplasmafreefattyacids(FFA),

animportantsubstratefbrNST,ratherthanbyanelevateduptakebytissues.

Moreover,weshowedinconfirmationofanearlierreport(LEBLANcandViLLE-

MAIRE,1970)thatchronictreatmentofratswithnorepinephrineandthyroxine

resultedinsimulationofcoldacclimation:anincreaseinbothNSTanduptakeof

FFAwasdemonstratedillresponsetotheinfusionofnorepinephrine,amajorme.

diatorofNST(MoRIyAetal.,1975).Inthisstudy,theeffectsofnorepinephrine

alldthyroxineontheenhancedutilizationofFFAwereest㎞atedbysimultaneous

assessmentoftheuptakeandoxidationofplasmaFFAinrats.Inaddition,

changesinmitochondriawhicharetheintracellularsiteofFFAoxidationandres-

pirationwerestudied.ChangesiIImitochondriaofskeletalmuscleshavebeen

observedinanimalsacclimatedtocold(HIMMs-HAGENetal.,1975;YAHATAand

KuRosHIMA,1977)andinanimalstreatedchronicallywiththyroxine(GusTAFssoN
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668 K.MORIYA,M.KOBAYASHI,andT.HIROSHIGE

etal.,1965)butsofarnotinanimalstreatedchronicallywithnorepinephrine.

MATERIALSANDMETHODS

Animalsandexperimentaldesign.MaleWistarratsaged30to45dayswere

dividedintothefollowingfivegroups.Thefirstgroupwasacontrolinwhichrats

wereipjectedsubcutaneouslywithanoliveoilvehicle.Theratsofthesecond

groupwereinjectedwithnorepinephrine(NE)suspendedinoliveoilinadailydose

of70μg/100gbodyweight(NEgroup).Ratsofthethirdgroupwereinjectedwith

thyroxine(T4)inadoseof30r5μg/100g(T4-1andT4-2groups,respectively).

RatsofthefourthgroupwereinjectedwithbothNEandT4simultaneouslyindoses

of35and2.5μ9/1009,respectively,or47and3.4μ9/1009,respectively(NE十

T4-1andNE十T4-2groups).The且fthgroupconsistedofcold-acclimatedrats

exposedtoatemperatureof50C.Thesetreatmentswerecontinuedfbr4to6weeks

untilthedaybefbretheexperiment.Theanimalswereprovidedwithtapwater

andratchow(OrientalMF,OrientalYeastCo.,Tokyo)adlibitum.

Estimation()frateso.プuptakeandoxidation(ゾ 、ρlasmaFFAinvivo.After18hr

fasting,ratsweremovedfromtherearingroomstoanexperimentalroomkeptat

atemperatureof25。Clhrpriortoanesthesiawithpentobarbita1(70mg/kgbody

weight,i.P.).CO20utputasanindicatorofthermogenesiswasmeasured.Plasma

FFAtakenupbytissuesanditsoxidationwereestimatedusingaconstantintrave-

nousinfusionmethod;14C-1-palmitatedividedbythespeci且cactivity(SA)ofFFA

representedtherateofuptakeofplasmaFFA・TheoxidationrateofFFAwas

calculatedfromrespiratoryCO20utputandthefractionofCO2derivedfromthe

immediateoxidationofplasmaFFA.ToobtaintheCO2fraction,recoveryof

NaH14CO3infusedintravenouslyas14CO2wasestimatedaccordingtothepro-

ceduresdescribedinapreviousstudy(MoRIyAetal。,1977).Equationsforcal-

culatinguptakeandoxidationofplasmaFFAareasfollows:

(1)Uptake(σ)(=FFAproducedandtakenupbytissues)(μEq/min)

σ一否A
。fFFA{霊 ぎ'熔 濃Eq。fFFA)・

1:rateof14C-palmitateinfusedintravenously.

(2)Oxidation(0)(μEq/min)

0=F×totalCO20utput(μmol/min)×1/17,

F:血actionofCO.2derivedf『omtheoxidationofFFA,

SA,=。 。ofCO2(nCi14C/μmolofCO2) ×17
,F==SAofFFA(nCi14C/μEqofFFA)

SA・一∞・fC・ ・=:%
。fN響 器1灘r畿s・4C。,×1…

Electronmlcroscopicsluめ ノ.Thetissueblocksofdiaphragmwerefixedwith

O.1Mcacodylate-buffered4%parafbrmaldehyde(pH7.4)for20r3daysandthen

JapaneseJournalofPhysiologア



FFAOXIDATIONINSIMULATEDNST 669

且xedinO.1Mcacodylate-buffered2%glutaraldehyde(pH7.4)fbr2hrat40C

respectively.Theywerepost且xedwith1%oslniumtetroxideinO・1Mcacodylate

buffer(pH7.4)fbr90minatroomtemperature.Afterdehydrationwithgraded

ethano1,theywereembeddedinEpon-812.Intransversesections,red且berswere

distinguishedfromwhiteorintermediatefibersaccordingtothehistologicalcharac-

teristicsdescribedbyGAuTH田R(1977).Ultrathinsectionsoftheredfi'berwere

cutonaPorterBlumMT-2ultramicrotomeusingaglassknife.Thesectionswere

stainedwithuranylacetateandleadcitrateandexaminedinaHitachielectron

microscope(HU-11DSor12A).Thenumberofmitochondriawascountedinan

area,chosenatrandom,ofthered且berintheelectrollmicrographsatamagni.

ficationof×7,000.Atthesametime,thesizeofthecross-sectionalareaofmito-

chondriawasmeasured.Differentportionsof6to12red且berswereexaminedin

eachgroup.

1)rugs.Norepinephrinebitartrate(WakoChem.Co.)andsodiumthyroxine

(WakoChem.Co.)wereused.14C-1-palmitateandNaH14CO3werepurchased

fromNewEnglandNuclearCo.

Statistics.Student'st-testwasusedtodeterminethesignificanceofdifferences

betweentheIneans.

RESULTS

Bodywelghtchanges

Bodyweightwasanaverageof136gatthebeginningofthetreatments.After

thefirst4weeks,itincreasedfrom126to2849(percentincrease:261士17%,

mean±S.E.,n=15)inthecontrols;from135to3099(242土12%,n=12)inthe

NEgroup;from159to3539(229士15%,n==6)intheT4-1group;from123to

3109(270=L16%,n==10)intheT4-2group;from132to2879(227±11%,n==10)

intheNE十T4-1group;from156to330g(212土6%,n・=5)intheNE十T4-2group;

andfrom145to2609(179士15%,n=12)incold-acclimatedrats.Theincrement

inthecold-acclimatedratswassignificantlysmallerthanthatinthecontrols.

Ther〃zogenicresponsestonorepinephrineinfusion

CO20utputsinresponsetonorepinephrineinfusionatarateof2μg/minfor

20minincreasedsigni且cantlyinallgroups(Table1).CO20utputbefbrenorepine-

phrineinfusion(initialCO20utputs)intheT4,NE十T4,andcold-acclimatedgroups

werehigherthanthatofthecontrols.Althoughnodifferencewasobservedinthe

initialCO20utputsbetweentheNEgroupandthecontrols,thenetincreaseofthe

NEgroupwassimilarinmagnitudetothatofthecold-acclimatedrats.Thevalueafter

norepinephrineinfusionintheT4groupwashigherthaninthecontrols,butthenet

increaseinbothgroupsdidnotdiffer.IntheNE十T4group,incrementalresponses

tonorepinephrinehigherthaninthecontrolswereobservedandthenetincreases

weresimilarinmagnitudetotheincreaseoccurringwiththecold-acclimatedrats.

Vo1.31,No.5,1981



670 K.MORIYA,M.KOBAYASHI,andT.HIROSHIGE

Table1.Effectofnorepinephrineinfusion(2μg/minfbr20min)o且therespiratory

CO20utputsinratstreatedchronicallywithnorepillephrin.e(NE)

andthyroxine(T4)underpentobarbitalanesthesia.

No.
ofrats

Befbre After
Paired
difference

P

Controls

NEgroup

jP・レS.controlS

T4-1group

Pvs.controls

T4-2group

jPvs.controls

NE十T4-1group

1)ys.controlS

NE十T4-2group

Py5・.controls

Cold-acclimated

1⊃・vs.controlS

《
ゾ

∩∠

唱
■

41⊥

6

10

10

5

12

20土2

20±3*

N.S.

33±2

<0.01

35」=5

<0.01

40±3

<0.001

36土3

<0.001

31」=4

<0.05

43士3

72=L6*

<0.001

61士2*

<0.01

64士5**

<0.001

80±3

<0.001

85±6

<0.001

94土8

<0.001

23士3

52士4

<0.001

28±2**

N.S.

28=』2***

N.S.

40±4

<0.01

49士3

<0.001

63±7

<0.001

<0.001

<0.001

く0.001

<0.001

<0.001

<0.001

<0.001

Means±S.E.ofthemean,expressedasμmo1/(min・100gbodyweight).Pvaluesare

giveninthelastColumnforthepaireddifference.*P<0.05,**1)<0.01,***P<0.001vs.

cold-acclimatedrats.N.S.:notsignificant.

text.

Eachgroupwastreatedasdescribedinthe

冠 譜e}n・ 謙 纈rine
FFAuptαke

Eq/min/10-。 。1

5

4

3

2

1

O
c・ntr・ls轟

p%r6u言N跳1す2釜iε ぼmαted
group

Fig.1.Changesinplasmafreefattyacids(FFA)takenupbytissuesduetonorepinephrine

i㎡usionatarateof2μg/minfor20min.BarsonthetopsofcolumnsrepresentS.E.

ofthemeans.Eachgroupwastreatedasdescribedinthetext.NE:n.orepinephrine.

T4:thyroxine.
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FFAOXIDATIONINSIMULATEDNST 671

Table2.Effectofnorepinephrineil血sion(2μg/minfbr20min)onthe

oxidationofplasmafreefattyacids(FFA)inratstreatedchronically

withnorepinephrine(NE)andthyroxine(T4)under

pentobarbitalanesthesia.

No.
ofrats

Befbre After
Paired

difference
P

Controls

NEgroup

PV5・.controlS

T4-1group

1⊃ ・レs.controls

T4-2group

jPys.controlS

NE十T4-1group

1⊃ys.controls

NE十T4-2group

1)VS.controlS

Cold-acclimated

Pv5・.controls

《
》

角∠

-
■

-

6

10

10

5

12

0.09土0.01

0.14土0.02

<0.05

0.20士0.02

<0.OO1

0.28=』0.07

<0.01

0.20土0.02

<0.001

0.22=』0.01

<0.001

0.21±0.03

<0.001

0.86士0.10

2.35±0.30

<0.001

2.06±0.23

<0.001

2.17±0.33

<0.001

2.13士0.19

<0.001

2.16=とO.22

<0.001

2.40±0.24

<0.001

0.77土0.09

2.21±0.25

<0.001

1.83士0.18

<0.001

1.89=とO.29

<0.001

1.93=LO.18

<0.001

1.94土0.22

<0.001

2.20土0.22

<0.001

<0.001
<9.001

<0.001

<0.001

<0.001

<0.001

<0.001

Means=』S.E.ofthemean,expressedasμEq/(min・100gbodyweight).Pvalues

aregiveninthelastcolumnforthepaireddifference.Eachgroupwastreatedasdescribed

inthetext.1

Table3.Effectofnorepinephrineinfusion(2μg/minfbr20min)onthe

ratioofoxidationtouptakerateofplasmafreefattyacids(FFA)inrats

treatedchronicallywithnorepinephrine(NE)andthyroxine(T4)

underpentobarbitalanesthesia.

No.

ofrats
Befbre After

Paired
difference

P

Controls

NEgroup

Pys.controlS

T44group

1)ys.controlS

T4-2group

1⊃ys.controls

NE十T4-1group

1)vs.con.trols

NE十T4-2group

1⊃vs.controls

Cold-acclimated

1)vs・.controls

《
ゾ

∩∠

」1
⊥

-
⊥

6

10

10

5

12

8±1

8士1

N.S.

8=』1

N.S.

13士2*

<0.05

8士1

N.S。

10士1

N.S.

7±1

N.S.

32土4

73士4*

<0.001

41=』5

N.S.

64±5

<0.001

52土4

<0.01

57土5

<0.01

51±8

<0.05'

24士3

65±4*

<0.001

33土4

N.S.

51±4

<0.001

44土4

<0.001

47土3

<0.001

44土7

<0.01

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Means土S.E.ofthemean,expressedas%.Pvaluesaregiveninthelastcolumn

forthepaireddifference.*P<0.05vs.cold-acclimatedrats.N.S.:notsignificant.Each

groupwastreatedasdescribedinthetext.

Vol.31,No.5,1981



672 K.MORIYA,M.KOBAYASHI,andT.HIROSHIGE

Changesintheutilization(ゾ 卿5〃zaFFAduringnorepinephrinelnfUS加

ChangesinplasmaFFAuptakebytissuesareillustratedinFig.1.TheFFA

uptakesignificantlyincreasedinresponsetonorepinephrineinallgroups.The

FFAuptakebeforeandafternorepinephrineinfusionintheT4-1,NE十T4-1and

cold-acclimatedgroupswashigherthanthatofthecontrols,buttherewasnodifL

ferencebetweentheNEgroup.andthecontrols.TheoxidationrateofFFAwas

elevatedbynorepinephrineinallgroups(Table2).AsshowninTable2,thevalues

beforeandafterinfusionofthehormoneandtheincrementalresponseintheNE,

T4,NE十T4andcold-acclimatedgroupswerehigherthanthoseofthecontrols.

Table3showsthatsimilarfractionsofplasmaFFAtakenupbytissueswereoxi.

dizedinthestateexistingbeforenorepinephrineinfusioninthesegroups,however,

therewasahighervaluefortheT4-2group.Duringnorepinephrineinfusion,the

percentageofoxidationofFFAtakenupbytissueswassignificantlyelevatedinall

groups.TheincreaseintheNE,T4-2andNE十T4groupswassigni且cantlygreater

thanthatinthecontrolsandsimilarinmagnitudetothatinthecold-acclimated

rats.

Relationshipbetweenther〃zogenesisandFFAutilizat加

TheCO2expirationrate,asanindicatorofthermogenesis,increasedlinearly

withtheincreaseintheoxidationrateofplasmaFFAinallgroups.Theregres-

sioncoeMcientsdidnotdifferamongthegroups,exceptthatoftheT4group(Table

4):regressioncoefficientsfortheT4groupweresigni丘cantlysmallerthanthosefbr

、

Table4.Interrelationshipbetweentheoxidationrateofplasmafreefattyacids

(FFA)(X)andtheheatproductionestimatedasCO20utput(7)inrats

treatedchronicallywithnorepinephrine(NE)andthyroxine(T4)

underpentobarbitalanesthesia.

才 ア
Regression

equatlon

RegressionCorrelation

coe缶cientcoeMcient
P

Controls

NEgroup

1)γ5・.controls

T4-1group

1)v5・.controls

T4-2group

Pvs・.controls

NE十T4-1group

1)・レS.controlS

NE十T4-2group

1)γs.controlS

Cold-acclimated

1)・レs.controls

0

4
、

3

∩∠

12

20

20

10

24

弓1

1
よ

4
、

∩」

0

1
漏

1.13

1.23

1.17

1.19

1.30

2

10

角」

4
、

47

50

60

61

62

Y--24X十20

Y=・=19X十 一20

y=16X-←32

Y==13X十34

】r==19X十 一38

】r=25X十31

y==22X十34

24

19

N.S.

16

<0.05

13

<0.05

19

N.S.

25

N.S.

22

N.S.

0.735

0.830

0.925

0.722

0.929

0.972

0.697

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

n:numberofvariables.XandY:averageofXandY.Pvaluesinthelastcolu㎜

forcorrelationcoeMcient.N.S.:notsigni丘cant.Eachgroupwastreatedasdescribed

inthetext.
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FFAOXIDATIONINSIMULATEDNST 673

Table5.Thenumberandsizeofmitochondriainredfibersofdiaphragmmuscle
inratstreatedchronicallywithnorepinephrine(NE)andthyroxine(T4).

mi謙riac孟 論lsmi縮riac諮bls繍c謡ls

Controls

NEgroup

T4-2group

)

)

)

(∠

0
ノ

月1

1(

(

(

NE十T4-2group(6)

Cold-acclimated(8)

115±6

166=』8

205±10*

191±18

168±12

10.0±0.35

<0.00111.2士0.59

<0.0018.5土0.55

<0.0018.3=LO.63

<0.00110.1=i=0.68

N.S.

<0.05

<0.02

N.S.

244土24

243土29

269土25

276土33

243±10

S

S

S

S

N

N

N

N

Means=』S.E.ofthemean,expressedasthenumberofmitochondria/mm20ffiber,μ2

(×10-2)ofmitochondrialarea,andmgofdiaphragmweight/100gbodyweight.Numbers

inparenthesesshowthenumberofmusclefibersusedinthestudy.*P<0.05vs.cold-

acclimatedrats.N.S.:notsigni且cant.Eachgroupwastreatedasdescribedinthetext.

thecontrols.

Changesinthenu〃zberandsizeo.プ 纏oc伽driainskeletalmuscle

AsshowninTabIe5,thenumberofmitochondriaincreasedinthered且bersof

diaphragmmuscleoftheNE,T4-2,NE十T4-2andcold-acclimatedgroups。The

diaphragmweightdidnotdifferamongthesegroups.Thepercentageofred且bers

totota1丘bersindiaphragmmusclewasabout60inallgroups.Themeansizeof

mitochondriawassmallerintheT4-20rNE十T4-2groupthaninthecontrols,but

therewasnodiffbrencebetweenNEgrouporthecold-acclimatedratsandthecon-

trolS.

DISCUSSION

Bothnorepinephrineandthyroxineareessentialfortheproductionand

maintenanceofnonshiveringthermogenesis(NST)incoldacclimation.Norepi-

nephrinesecretionismarkedlystimulatedinanimalsacutelyandchronicallyex-

posedtocold(LEDuc,1961;SHuMeta1.,1969),whosethyroidalactivitiesandpe-

ripheraldeiodinationofthyroxinetotriiodothyroninearealsoincreased(HERoux

andBRAuER,1965;ScAMMELLeta1.,1980).Thedailydoseusedinthisstudy,nor-

epinephrine:70μg/100gbodyweight,thyroxine:5μg/100g,isclosetothemaxi-

mumsecretionrateincold-exposedrats(SwANsoN,1957;LEDuc,1961).When

norepinephrineandthyroxineweresimultaneouslygiven,similareffectsonFFA

utilizationwereinducedbysmallerdosesthanthemaximumsecretionofthesehor-

mones.Thissuggeststhatthehormonedosesusedinthisstudyarenotnecessarily

non-physiologica1.

Inratstreatedchronicallywithbothnorepinephrineandthyroxine,norepi-

nephrineinfusioninducedagreaterincreaseofheatproductionthaninthecontrols.

Theincrementalresponsetonorepinephrineinheatproductionwasalsogreater

inthecold-acclimatedratsthaninthecontrols.ItapPearsthattheincremental

heatproductionduetonorepinephrineisagoodmeasureofNSTincold-accli一

Vol.31,No.5,1981



674 K.MORIYA,M.KOBAYASHI,andT.HIROSHIGE

matedanimals.Theenhancedheatproductionwasaccompaniedbyanincrease

intheFFAuptakeanditsoxidationineachgroup.Theincreasedutilizationof

FFAinratstreatedchronicallywithnorepinephrineandthyroxinewascharacter-

izedbyamorepreferentialincrementintheoxidationofFFAratherthanbyan

enhancedFFAuptake(Fig.1andTable2):theincrementalchange,undernorep-

inephrineinfusion,ofFFAuptakeinratstreatedwithnorepinephrineandthyrox-

inedidnotdifferfromthatofthecontrols,whereastherewasagreaterincreasein

theFFAoxidationinparallelwithamoreenhancedheatproductioninducedinthe

formerthaninthelatter.The丘ndin.gsinTable3supportthis:thepercentageof

FFAoxidizedwhichhadbeentakenupbytissuesinresponsetonorepinephrine

increasedmoremarkedlyinratstreatedwithnorepinephrineandthyroxinethanin

thecontrols.Fromtheseresults』itisinfbrredthatthemagnitudeoftheoxidation

rateratherthanoftherateofuptakeofplasmaFFAmaybeofdirectimportancein

NSTinratstreatedwithnorepinephrineandthyroxine.Amorepreferential

increaseinFFAoxidationratherthanintheFFAuptake,inlinewithagreaterheat

production,wasalsoobservedinthecold-acclimatedrats.Thus,asfarastheutili-

zationofplasmaFFAandNSTareusedascriteria,wewereabletosimulatecold

acclimationin'ratsbytreatingthemchronicallywith'bothnorepinephrineand

thyroxine.Itappearsthatcold-acclimatedratscouldonlypartiallybesimulated

byratstreatedwithnorepinephrineorthyroxinealonewithrespecttoheatproduc-

tion(Table1)andpercentageofoxidationofFFAtakenupbytissues(Table3).

NSTincreasedlinearlywithelevationsofoxidationrateofplasmaFFAin

allgroups(Table4).Therelationshipbetweenbothvariablesdidnotdifferamong

thegroups,withtheexceptionoftheT4groupinwhichmoreFFAwasoxidizedas

energysubstrateataheatproductionlevelsimilartothatofothergroups.How-

ever,inthesegroups,themaximumpercentofCO2derivedfromtheimmediate

oxidationofplasmaFFAremainedatnearly50%duringnorepinephrineinfusion

(unpublisheddata).Thisindicatessimultaneousstimulationofoxidationof

substratesotherthanplasmaFFA.AlthoughthepercentageofFFAoxidationto

totaloxidativemetabolismincreasesprogressivelywiththepassageoftimeafter

administrationof14C-palmitate,theincreaseisseeminglyduetotheoxidationof

labeledcompoundsinothercompa血nentswhicharenotonthedirectpathwayof

FFAoxidation.Thesameinferencewaspreviouslygainedfromthestudyof

controlsandcold-acclimatedrats(MoRIyAetal.,1977).

Oxidationoffreefattyacidsoccursinmitochondria.Carnitineacyltransferase

whichisassociatedwithmitochondrialmembranehasbeenimplicatedasarate- 、

1imitingstep(ORAMetal.,1973)。Thenumberofmitochondriaintheredfibersof

diaphragmmusclewassignificantlygreaterinratstreatedwithnorepinephrineand

thyroxineandcold-acclimatedratsthaninthecontrols.Thediaphragmwas

chosen,becauseskeletalmuscleisoneoftheimportantthermogenicsitesofNST

(JANsK重,1973).ItisthoughtthattheincreaseinNSTandFFAutilizationisac-

companiedbyanincreaseinthenumberofmitochondriainskeletalmuscles.In
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fact,significantincreasesinthenumberofmitochondriaweredemonstratedinthe

presentstudy.Thesizeofmitochondriaindiaphragmmuscledecreasedmorein

ratstreatedwiththyroxineorwithbothnorepinephrineandthyroxinethaninthe

controls,buttherewasnodifferenceinthisrespectbetweenthenorepinephrine-

treatedorcold-acclimatedratsandthecontrols.Inratstreatedwiththyroxineor

withbothnorepinephrineandthyroxine,thenumberof血tochondriaincreasedby

upto70%,whereasthesizeofmitochondriadecreasedbylessthan20%ascom-

paredwiththecontrols.Thus,thetotalmassofmitochondriaintheredfibersof

diaphragmmusclecouldbelargerinratstreatedwiththehormones,aswellascold-

acclimatedrats,thaninthecontrols.Inaddition,theappearanceofthemitochon-

drialcristaeoftheseredfiberswasmorestrikingthanthatofthecontrols(un-

publisheddata).Itisthusinferredthatmitochondrialactivitiesareenhancedby

chronictreatmentofratswithnorepinephrineandthyroxineaswellasbycoldac-

climation.

Aquestionariseshereastowhetherornotthesemitochondrialchangesare

dueprimarilytoanelevatedrespirationindependentofenhancedNST.The

totalwetweightofdiaphragmmusclesremainedthesameinthesegroups(Table

5).ThenumberofmitochondriawasnotnecessarilyrelatedtoCO20utputbefore

norepinephrineinfusion,especiallyinratstreatedchronicallywithnorepinephrine

(Tablesland5).However,possibleeffectsofaugmentedrespirationcouldnotbe

excluded'completelysincephysicaltrainingalsoincreasedmitochondrialnumbersin

skeletalmuscles(GoLLNicKandKiNG,1969).Incold-acclimatedrats,increased

numbersanddecreasedsizeofmitochondriainthesemitendinosusmusclerelateto

mitochondrialbiogenesis(HIMMs-HAGENetal.,1975).Thyroxinepromotesthe

mitochondrialbiogenesis(GusTAFssoNetal.,1965).Inthepresentstudy,chronic

treatmentwiththyroxineaswellascoldacclimationresultedinanincreasednumber

ofmitochondriainthered且bersofthediaphragm.Theeffectofnorepinephrine

onmitochondrialbiogenesishasnotbeenreported.Sincenorepinephrinewas

administeredinvivointhepresentstudy,itisnotobviouswhethertheincreased

numberofmitochondriawasinducedbynorepinephrineperse,orbyotherhor-

mones,thesecretionofwhichisenhancedundertheseconditions.Thepossibility

thatnorepinephrineincreasesdeiodinationofthyroxinetotriiodothyroninehas

beellshown(GALToN,1965;HI肌IER,1968;HARDvELDetal.,1979).

Thepresentstudyshows,afteraU,thatwecansimulatebothbiochemicaland

morphologicalchangesofcold-acclimatedratsbytreatingratschronicallywith

norepinephrineandthyroxine.However,weknowneithertheprecisetimecourse

ofchangesinplasmalevelsandmetabolismofthetwohormonesgiven,northe

existenceofanyparalleliSmbetweenthesechangesandtheactualdynamicsofthe

hormonesduringcoldacclimation.
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