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TURNOVERRATEOFPLASMAFREEFATTY
ACIDSINCOLD-ACCLIMATEDRATS

KiyoshiMoRuyA,HiroshiMAEKuBoandShinjiIToH

DepartmentofPhysiologγ,H∂kkaidoUniversitySchoolo .〆

Medicine,&塑 ρ070

S…yEffeCtsofnorepinephrineinfusiononrectaltemperature,plasma

FFAconcentrationanditsturnoverratewerestudiedinintactandfunc-

tionallyevisceratedrats.

Norepinephrineinfusioncausedagreaterincreaseintherectaltempe・

rature,andlesSelevationinplasmaFFAconcentrationincold-acclimated

ratsincomparisonwiththechanges 、inwarm-adaptedcontrolrats.

Norepinephrineinfusionalsobroughtaboutasigni且cantincreaseinthe

turnoverrate6fplasmaFFAinbothgroupsofrats.Theregressionco-

e伍cientofplasmaFFAturnoverrateverstisFFAconcentrationwas

greaterincold二acclimatedgrQupthaninthecontrols.Itwasassumed

thatperipheralcapacitiesofFFAuptakeweregreaterincold-acclimated

ratsthaninthecontrols.

Thethermoξ 合niceffectofnorepinephrineinevisceratedratsdidnot

differfromthatinnon-evisceratedrats.TheinfUsioncausedanincrease

intherectaltemperatureinevisceratedcold-acclimatedrats,butnotin

warm-adaptedones.Norepinephrineinfusionproducedasi血ilar

markedelevationinplasmaFFAconcentrationinbothevisceratedcold-

acglimatedandwarm-adaptedrats,whileincreaseinFFAturnover

ratewasmughgreaterinthefbrmergroupthaninthelatter.The

regressionco碍f丘cientofplasmaFFAturnoverrateonitsconcentration

wasgreaterinevisceratedcold-acclimated.ratsthaninthecontrols.・

ThereislittleIdoubtthatplasmalevelsoffreefattyacids(FFA)controlthe

rateoftheirupt毎kebythemass-actioheffect(ARMsTRoNGeta1.,1961a,b;

SpITzERandGom,1964).PlasmaFFAturnoverratewasshowntovarywith

theplasmaconcehtrationinastraight-1inefashionanditwassuggestedthatthe

regressioncoefficiもntofthisstraight-linerelationisaffectedbychangesinthe

statusofenergyrequirem6nt(lssEKuTzetal.,1964;MINAIREetal.,1973;PAuL

andHoLMEs,1973)・AstotheplasmaFFAturnov=erratein
,cold-acclimated
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animals,sofaronlyonestudyhasbeenreportedbyMcBuRNEyandRADoMsKI

(1969)whofbundthatfractionalturnoverratesofFFA,ofverylow-density

lipoproteinandoflow-densitylipoprotein,werehigherincold-acclimatedrats

thaninthecorrespondingcontrols・

Wepreviouslyobservedthatincold-acclimatedratsnorepinephrineinfusion

causedasignificantelevationinrectaltemperature,whileinwarm-adaptedcontrol

ratsthetemperaturedecreased.Inthefbrmergroup,however,theextentof

increaseintheplasmaFFAlevelduringnorepinephrineinfusionwasmuchless

whencomparedwiththechangesinthelattergroup(MoRiyAeta1.,1974).The

greaterelevationinrectaltemperatureandthelesserincreaseinplasmaFFAin

cold-acclimatedratsmightbeexplainedbytheincreasedturnoverrateofFFAin

theseanimals,sincethethermogeniceffectofnorepineph血e,whichisknownto

mediaten.onshiverin.gthermogenesisincold-acclimatedrats(HsI田andCA肌soN,

1957;HsiEHetal.,1957;DEPocAs,1960;MoRlyAeta1.,1973a,b),seemstobe

relatedtoitslipolyticaction(HANNoNandLARsoN,1962;STEINBERGetal.,1964;

HAvELetal.,1964).Furthermore,theregressioncoeMcientoftherelationship

betweenplasmaFFAlevelsandturnoverratesincold-accliniatedratsmaydiffer

fromthatinthecontrols.Inordertoascertaintheseinferences,theturnoverrate

ofplasmaFFAwasmeasuredsimultaneouslywithFFAconcentrationandrectal

temperatureincold-acclimatedratsunderthesameconditionsasinourprevious

experiments(MoRiyAeta1.,1974).

Inadditiontothesemeasurementsinintactrats,studieswerealsoperfbrmedon

functionallyevisceratedrats.Itisgenerallyacceptedthatsomepartofcirculating

FFAisutilizeddirectlybyperipheraltissues(GEyEReta1.,1951;FRIEDBERGand

EsTEs,1962),but30to50%isremovedfromthebloodbytheliver(STEINBERG,

1964;BAssoandHAvEL,1970)whereitisrapidlyesterifiedandapartofthis

fractionreapPearinthebloodmainlyinassociationwiththeverylow-density

lipoprotein.Peripheraltissues,especiallyskeletalmuscles,areconsideredtobe

morecontributabletononshiveringthermogenesisthancentralorgansincold-

acclimatedrats(DEpocAs,1958;JANsKYandHART,1963),althoughcontradictory

consequenceshavebeenalsopresented(FELTsandMAsoRo,1959;HANNoNetal.,

1963).Studiesonevisceratedratsmightbeworth-whileforstudyingtheroleof

musclesinthethermogeniceffectofnorepinephrineincold-acclimatedrats.

MET且ODS

MaleWistarrats,weighingfrom250to400g,wereusedinthepresent

experiments.Thean.imalswereacclimatedtocoldbyexposingthemtoatem.

peratureof50Cfbr2to4weeks,whilecontrolratswerekeptat22。C.Theywere

pfovidedwithwaterandachow(OrientalMF)adlibitum.

14C-U-palmitate(NewEnglandNuclearCorp .,specificactivity:500Ci/mole)

waspreparedfbrinfusionbydissolvingitssodiumsaltindistilledwaterand
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dilutingwithanequalvolumeof10%solutionofbovineserumalbumin(Armour

Phar血.Co.,Fraction5).

After18hrfasting,ratswereanesthetizedwithurethane(150mg/100gbody

weight,s.c.).Acontinuousinfusionof14C-palmitate-albumincomplexsolution

wasgivenviatherightfemoralveinusingaconstantinfusionpumpwhichdelivered

14μlofsolution(14C:5mμCi)perminthroughanindwellingPolyethylene

catheter.Bloodsamplesweretakenfromthejugularveinorcarotidarteryinto

heparinizedsyringesatintervalsasindicatedbelow.Thesesampleswereprovided

fbrmeasurementsofplasmaFFAconcentrationanditsspeci丘cactivity(SA).A

plateauinFFA-SAwasobtainedwithinthefirst10minandthereafterit

remainedalmostconstantfbratleast50min.The且rst'bloodsamplewasdrawn

at20minafterthe14C-palmitateinfusion・Immediatelyafterthesampling

norepinephrine(SankyoPharm.Co.)infusionwasstarted,collcurrentlywith

14C-palmitateinfusionviaanotherfemoralveinataconstantrateof2pagpermin
.

Inthiscase,aplateauinFFA-SAwasalsoobtainedwithin10minand

remainedconstantforatleast40minduringcontinuingnorepinephrineinfusion.

Thesecon.dbloodsamplewasdrawn30minafterthenorepinephrineinfusion.

Underthesteadystatecondition,thein釦sionrateof14C-palmitatedividedby

SAofFFArepresentsturnoverrateofplasmaFFA(ARMsTRoNGeta1.,1961a).

PlasmaFFAconcentrationwasdeterminedbythemethodofDuNcoMBE

(1963).RadioactivityintheFFAfractionwascountedaccordingtothemethod

usedbyARMsTRoNGetal・(1961a),employingtoluen・econtainingO・4%PPOand

O.01%POPOPasscintillater.

Rectaltemperaturewasmeasuredbytheuseofathermisterthermometerat

asiteofscmfromtheanus.Localtemperatureofinterscapularbrownadipose

tissuewasalsomeasuredbyathermister.

Functionallyevisceratedratswerepreparedbyligatingrectalcolon,superior

mesentericandcoeliacarteriesandportalvein.Befbretheoperationglucosewas

subcutaneously切ectedinadoseof100mg/kgbodyweightinordertomaintain

bloodglucoseatne3rlyconstantlevel.Intheseratsthesecondbloodsamplewas

drawn20minafterthenorepinephrineinfusion.

RESULTS

1.Changesinrecla〃emperaturebynor(勿ephrineinfusion

Effectofintravenousinfusionofnorepinephrineatarateof2μ9/minfbr

30minontherectaltemperaturewas且rstobservedincold-andwarm-acclimated

ratsunderurethaneanesthesia.Effectofsalineinfusionwasalsosurveyedas

control.

Beforetheinfusionrectaltemperatureswereonthesamelevelinthesetwo

groups.Inthecaseofsalineinfusion,agraduallowe血goftherectaltemperature

wasobservedinbothcold-acclimatedandcontrolrats(Table1).Ontheother
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Table1.
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Changesinrectaltemperatureduringnorepinephrineinfusion

(2μg/min)inratsunderurethaneanesthesia.

befbre 415min a30min

Warm-adaptedcontrolrats

salineinfusion

norepinephrine

Cold-acclimatedrats

salineinfusion

norepinephrine

)

)

《
ゾ

8

1
」

(

(

)

)

々
」

10

ー
ユ

(

(

(。C)

36.87=と0.21

36.18士0.25

36.88士0.21

36.49=LO.41

一1
.11=』0.15

-0 .33=ヒ0.11

一 〇.69士0.11

十 〇.52士0.13

一2 .00土0.33

-O .51」=0.19

一1 .24士0.16

十1.11=ヒO.26

Mean士SEM.Numbersinparenthesesrepresentnumberofrats.

＼

hand,norepinephrineinfusionresultedinasignificantelevationoftherectal

temperatureinthebothgroups.However,cold-acclimatedgrouprespondedto

norepinephrinewithamuchgreaterincreaseinthetemperaturethancontrolsdid.

Theaverageincreasewas2.4。Cfbrthecold-acclimatedrats,whileitwas1.5。C

fbrthecontrols.This,itisapParentthatthecalorigenicactionofnorepinephrine

isfargreaterinthecold-acclimatedratsthaninthecontrols.

2.Changesin、 ρlas〃za五TAconeentrationanditsturnoverrateゐ アnoreρlneρ 〃ine

infusion

EffectsofnorepinephrineinfusionontheplasmaFFAconcentrationand

itsturnoverratewereexaminedinthecold-acclimatedandcontrolrats.Before

theinfusionwerenotdifferentofthetwogroups.NorepinephrineinfUsioncaused

signi丘cantincreaseinthevaluesofeachgroup,respectively.After30min

plasmaFFAconcentrationelevatedto992μEq/liter=』38(SEM)inthecold-accli-

matedratsandto1185±46inthecontrolratsrValuesofFFAturnoverrates

were4.21μEq/min/100gbodyweight±0.31and3.39±0.19,respectively(Table2).

Table2. ChangesinplasmaFFAIevelandturnoverrateproducedbynorepinephrine

infusion(2μ9/minfor30min)illratsunderurethaneanesthesia.

Warm・adapted Cold-acclimated P

No.ofrats

Bodyweight,9

4

0

噛
工

ー
ユ
3

10

0

望1

ξ
」
3

FFAleve1,μEq/liter

Befbre

After

Difference

580±22

1185士46

605士42*

626士30

992士38

366±29*

NS

〈0.01

<0.001

FFAturnoverrate,PtEq/min/loogbodyweight

Befbre

After

Difference

1.99=』0.13

3.39=とO.19

1.39」=0.14*

2.29ti=0.21

4.21士0.31

1.92=とO.22*

NS

<0.05

NS

Mean土SEM.NS:notsigni且cant*1)<0.001
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Itshouldbenotedthatinthecold-acclimatedratslesselevationofplasmaFFA

concentrationwasol)servedinspiteofthegreaterincreaseinitsturnoverrate

duringtheinfusion.

WhenarelationshipbetweenplasmaFFA .concentrationanditsturnover

ratewasexamined,significantcorrelationswereobtainedinthebothgroups(Fig.

1).Therelationsweregivenasy・=0・0047X--O・582(r=0・753,P<0・01)forthe

(MWO
O
一
＼
⊆
一⊆
」
＼
σ
国
ミ
)

Φ
↑侮
こ

Φ
〉
。
∈
3

<
」
」

6

4

2

0
0

Cold-acclimated

Y=0.0047X-0.582

r=0.753,P《0.01

8

ぎ

/

〆

動

Control

Y=0.0024X十 〇.573

r=0.809,P《0.01

5001,0001,500

PlasmaFFAconcentration(μEq/liter)

Fig.1.RelationshipbetweenplasmaFFAconcentrationanditsturnoverrateincold-accli-

mated(opencircles)andcontro1(closedcircles)rats.

cold-acclimatedgroupand7=0.0024X十 〇.573(r・ ・O.809,P<0.01)fbrthecon-

trols,andtheregressioncoefficientforthecol ,d-acclimatedgroupwassignificantly

greaterthanthatfbrthecontrols(P<0.05).

3.Eleりationofrecta〃emperatureinrelationtoplasmaFFAconeentrat加andlts

turnoγerrate

Inordertoinvestigatethepossibilitythattheelevationofrectaltemperature

inducedbynorepinephrineinfusionisrelatedtotheincreaseinplasmaFFAcon-

centrationoritsturnoverrate,thevaluesoftemperaturewereplottedagainstthe

levelsofplasmaFFAorturnoverrate.AsshowninFigs.2and3,positivecor-

relationswereobtainedbetweenrectaltemperatureandlogarithmplasmaFFA

concentrationorIogarithmFFAturnoverrate.FortheplasmaFFAconcentra.

tiontherelationsweregivenasy=7.12210gX十16.79(r=0.644,P<0.01)inthe

cold-acclimatedgroupandy=3.97310gX十25.19(r=0.378,.P≠0.05)inthecon.

trols,andfbrtheFFAturnoverrate]r=5.01810gX十34.90(r=・0・674,P<0.01)

andy==6.57710gX十34.01(r==0.648,P<0.01),respectively.
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Fig.2.RelationshipbetweenplasmaFFAconcentrationandrectaltemperatureincold-

acclimatedandcontrolrats.

0

8

6

4

4

3

3

3
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Φ
」コ
↑G5
お
α
∈
Φ
=

σ5
ぢ
Φ
匡

Cold-acclimated(n=24)

Y=5.01810gX十34.90

r=0.674,P<0.01

110

PlasmaFFAturnoverrate(μEq/min/iOOg)

Fig.3.RelationshipbetweenplasmaFFAturnoverrateandrectaltemperatureincold-

acclimatedandcontrolrats.

4.Changes勿plas〃za・FFAconeentrationandlts'z〃noverγaleゐ アnorelガ ηephrine

infusionin伽ctionallyevisceratedrats

InfUnctionallyevisceratedrats,effectofnorepinephrineinfusiononrectalas

wellasinterscapularbrownadiposetissue(BAT)temperaturewasexamilled.

Althougheviscerationcausedaloweringoftgmperature,befbretheinfUsionthe

rectaltemperatureofevisceratedcold-acclimatedratswasonthesamelevelasthat

ofevisceratedcontrols.Norepinephrinewasfbundtocauseasigni且cantincrease

intherectaltemperatureinthefbrmergroup,butn.otinthelatterone(Table3).



FFATURNOVERRATE 425

Furthermore,theeffectofnorepinephrineonBATtemperatureineviscerated
ratsdidnotdifferfromthatinintactrats(Table4).Thisindicatedthatthether-

mogenicresponsetonorepinephrineinBATisnotinjuredbyevisceration..

Table3.Changesinrectaltemperatureduringnorepinephrineinfusion

(2μg/min)inevisceratedratsunderurethaneanesthesia.

Bodyweight Befbre ∠20min

Warm-adaptedrats

Cold-acclimatedrats

P

⑤
⑤

(9)
305

308

(。C)

32.26±0.50

33.06=ヒ0.21

一1 .29±0.19

十 〇.26=ヒ0.20

<0.01

Mean士SEM.Numbersinparenthesesrepresentnumberofrats.

Table4.Changesinlocaltemperatureofinterscapularbrownadiposetissue

producedbynorepinephrineinfUsion(2μg/min)innormaland

evisceratedratsunderurethaneanesthesia.

Bodyweight Before Change

Normal

Warm-adapted

salineinfusion

norepinephrine

Cold-acclimated

salineinfUsion

norepinephrine

)

)

8

0
ノ

(

(

)
)
4
.
10

(
(

(9)

ξ
」

0

丙」

飛∠

つ
」

型
」

5

0

9

0

(∠

3

(。C)

35.8土0.33

34.8士0.22

35.8土0.27

34.9土0.46

(30min)

一1 .6土0.19

0±0.19

一1 .0士0.17

十2.8=」=0.45

(20min)
Eviscerated

Warm-adapted

salineinfusion

norepinephrine

Cold-acclimated

salineinfusion

norepinephrine

)

)

4
.
《
ゾ

(

(

)

)

凋4

5

(

(

《
ゾ

《
ゾ

0
/

0

∩
∠

つ
」

(U

O

弓1

1
⊥

つ
」

像
」

32.7士0.44

32.6±0.60

33.2±0.26

33.5=』0.07

一1 .7=』0.19

-0 .2±0.14

一一2-.0土0.19

十1.5±0.29

Mean士SEM

AftertheeviscerationplasmaFFAturnoverratewasmarkedlyreducedinthe

bothgroups,whereasitsconcentrationwasrelativelyunchanged.Thesevalues

werenotdifferenteachotherinthebothgroups.Twentyminutesafternorepine-

phrineinfusionplasmaFFAconcentrationincreasedto1826μEq/liter土96(SEM)

ineVisceratedcold-acclimatedratsandto1723土110inevisceratedwarm-adapted

rats,whileFFAturnoverrateswere3.24μEq/min/100gbodyweight=』0.49inthe

fbrmergroupandl.61=』0.16intheIattergroup(1)<0.01).Theresultsaresum-

marizedinTable5.
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WhenrelationsbetweenplasmaFFAconcentrationanditsturnoverrate

obtainedinthesetwogroupswerecompared,itwasfbundthattheregression

coeMcientfr6mevisceratedcold-acclimatedgroupwasgreaterthanthatfrom

evisceratedcontrols(、P<0.05),asseeninFig.4.Therelationsweregiveasr=

(bρ
O
O
一
＼
⊂
唇

＼
σ
山
莱
)

Φ
↑
σ5
』
』Φ
>
O
∈

5

く
」
」

6

4

2

Cold-acclimated

Y==0.00194X-0.12b

r=0819P<0.0'1

/鼻
●

●Control

Y=0.00059X十 〇.599

r==0.771,P<0.01

0

01,0002,0003,000

PlasmaFFAconcentration(μEq/liter)

Fig.4.RelatiollshipbetweenplasmaFFAconcentrationanditsturn.overrateineviscerated

cold-acclimated(opencircles)andcontrol(closedcircles)rats.
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Y==6.8110gX十14.56

r==0.974P<0.01

・
'

、

Control

Y=2.6910gX十25.36

r=・0.482

1001,0005,000

PlasmaFFAconcentration(μEq/liter)

Fig.5.RelationshipbetweenplasmaFFAconcentrationandbrownadiposetissuetempera-

tureinevisceratedcold-acclirnated(opencircles)andcontrol(closedcircles)rats.
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Table5.ChangesinplasmaFFAlevelandturnoverrateproducedby

norepinephrineinfusion(2μg/minfbr20min)inevisceratedrats

underurethaneanesthesia.

Warm-adapted Cold-acclimated P

No.ofrats

Bodyweight,9

8

503

8

203

FFAleve1,μEq/liter

Befbre

After

Difference

518±46

1723±110

1205±99*

584±32

1826土96

1225士81*

S

S

q
μ

N

N

N

FFAturnoverrate,μEq/min/100gbodyweight

Befbre

After

Difference

0.90土0.09

1.61土0.16

0.71±0.11*

1.01土0.12

3.42±0.49

2.41土0.48*

NS

<0.01

<0.01

Mean±SEM.NS:notsigni丘cant.*P〈0.001

(
O
.
)

Φ
』
3

G5
」
Φ
α
∈

2

ト
く
oo

40

38

36

34

32

Cold-acclimated

Y=5.0710gX十33.84

r=0.922,P<0.01(B

・
イ

・.

,1

Control

Y=4.0010gX十33,15

r=・0、447

110

FFAturnoverrate(μEq/min/1009)

Fig.6.RelationshipbetweenplasmaFFAturnoverrateand'browlladiposetissuetempera-

tureinevisceratedcold-acclimated(opencircles)andcontro1(closedcircles)rats.

0.0019410g■-O.128inthefbrmergroupandy』=0.0005910gX十 〇.599inthe

lattergroup.Furthermore,positivecorrelationswereobservedbetweenBAT

temperatureandplasmaFFAconcentration(Fig.5)andplaslnaFFAturnover

rate(Fig.6)inevisceratedcold-acclimatedrats,butnosignificantcorrelations

wereseenincontrols.

DISCUSSION

AccordingtoHsI田etal.(1966),incold-acclimatedratsanesthetized,curariz一
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edandunderarti且cialrespirationtheregressioncoe伍cientoflogarithmincrease

inoxygenconsumptioninducedbynorepinephrineinfusiononlogarithmdoseof

norepinephrinewassignificantlygreaterthanthatfromwarm-adaptedrats.FFA

concentrationandincreaseinoxygenconsumptioncorrelatedwellwithdoseof

norepinephrineandperiodofcoldexposure.Incontrolratsapositivecorrelation

wasfbundbetweenplasmaFFAconcentrationandoxygenconsumption,whereas

incold-acclimatedratsanegativecorrelationwaso'bs6rved.Fromtheresultsthey

suggestedthattheincreaseinmagnitudeoftheresponsetonorepinephrineincold-

acclimatedratscouldnotbeaccountedfbrbyassuminganincreaseinsensitivity

tonorepinephrinealone,andtherefbrethatanincreaseinthecapacityofthesys-

temsutilizingoxygenandsubstratemayalsobeconsidered.

Inthepresentstudy,afternorepinephrineinfusionrectaltemperatureand

plasmaFFAturnoverratewerehigherincold-acclimatedratsthanincontrolones,

whereasplasmaFFAconcentrationwaslowerintheformergroupthaninthelatter

group.Furthermore,theregressioncoe缶cientofplasmaFFAturnoverrateon

itsconcentrationwasgreaterincold-acclimatedratsthanincontrols.Between

FFAturnoverratesandconcentrationsthereobservedsignificantpositivecorrela-

tionsinthesetwogroupsandtheintersectionofthesetwocorrelationcurveswasat

502μEq/1iterfbrFFAconcentrationandat1.78μEq/min/100gbodyweightfbr

FFAturnoverratearoundwhichrestinglevelswereordinarilyfbundintheboth

groups(Fig.1).Fromtheaboveresultsitmightbeassumedthatperipheralca-

pacitiesofFFAuptakewhichmightbeactivateddirectlyorindirectlybynorepine-

phrineweregreaterincold-acclimatedratsthanincontrols.Inspiteofthefact

thatlipolyticresponsetonorepinephrineisenhancedinwhiteadiposetissueof

cold-acclimatedratsinvitro(THERRIAuLTeta1.,1969;MiTcHELLandLoNGwELL,

1964),1essincreaseinplasmaFFAconcentrationwasobservedincold-acclimated

ratsafternorepinephrine.ThisfindingsupportstheaboveinferencethattheFFA

uptakebyperipheraltissuesincreasedincold-acclimatedrats.Inthisregard,

LAFRANcEetal.(1972)observedinchronicallynorepinephrine-treated'ratslower

levelsofplasmaFFAandhigheroxygenconsumptionresponsefbllowingnorepine-

phrineadministration,ascomparedwiththeresponsesincontrols.

Furthermore,inthebothgroupspositivesigni且cantcorrelationswerede-

monstratedbetweenrectaltemperatureandplasmaFFAturnoverrateandnodifL

ferencewas・observedinthetwogroups(Fig.3).Therefbre,inthesegroupsan

equalpercentageofplasmaFFAturnoverrate(=uptake)mightbeutilizedfbr

calorigenesisbyperipheraltissuesl)efbreandduringnorepinephrineinfUsion.On

theotherhand,theregressioncoe伍cientofrectaltemperatureonFFAconcentra-

tionwasseeminglygreaterincold-acclimatedratsthanincontrols(Fig.2),although

signi丘cancyofcorrelationbetweenthesevaluesincontrolratswasatlessthan

thelowestsignificantlevel(r=0.378,P≠0.05).Theseresultsseemtobeconsist-

entwiththesuggestionofHsIEHetal.(1966)that'anincreaseinthecapacityof

systernutilizingoxygenandsubstrates,especiallyplasmaFFA,mightbeinduced
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inthecourseofcoldacclimation. ,Thesystemsarelikelytobeactivatedbynorepine-

phrine.ItmightbealsoinferredthatthespecificchangeinFFAmetabolismoccur-

redduringthecourseofcold-acclimationisobservableinFFAuptakeprocessrath-

erthanFFAoxidationbyperipheraltissuesbecauseoftherelationshipsasshown

inFigs.2and3.Inthisrespect,theincreaseinthecapacityofFFAuptakemight

bemainlyprodUcedinmqsclesofcold-acclimatedrats,sinceevisceratedratsshowed

asimilarreferenceasinintractratsthattheregressioncoefiicientbetweenplasma

FFAturnoverratean.ditsconcentrationincold-acclimatedratswasgreaterthan

thatincontrols(Figs.1and4).

Anumberofinvestigatorsreportedthattheadministrationofnorepinephrine

tocold-acclimatedratsbroughtaboutamarkedincreaseinoxygenconsumption

inassociationwithamarkedincreaseinbodytemperatureascomparedwiththe

responsesincontrols.Althoughmechanismsregulatingtheseeffectsatcellular

levelarestillobscure,thethermogenicactionofnorepinephrineisthoughttobe

relatedtoFFAmobilization血omadiposetissues.However,dissociationofcate-

cholamine-inducedcalorigenesisfromlipolysisandglycogenolysiswasalsodemon-

stratedindogsandrats(KENNEDYandELHs,1969).MEJEsNERandJANsKY(1971)

haveshownthatthemetabolismofgracillismusclewasdirectlystimulatedby

norepinephrine,andthatthemuscularmetabolicresponsetonorepinephrinewas

dueneithertochangesinblood且ownortotheamountofsubstratesreleasedunder

physiologicalconditionsintotheblood.Eventhoughtherearereceptorsrespond-

ingtonorepinephrineinstriatedmuscles,theroleofFFAinnonshiveringther-

mogenesiscouldnotbediminished,sincestriatedmusclesutilizepreferentially

plasmaFFAratherthanintramusculardepotfat,glycogenandplasmaglucoseas

energysource(IssEKuTzeta1.,1964;PAuLetal.,1966).PAuLeta1.(1966)observed

inconsciousdogsinfusedwith14C-palmitatethattheonsetofexerciseisassociated

withasuddenexpenditureofenergyataveryhighratewhichimmediatelyincrease

notonlysubstrateutilizationbutalsoitsmobilizationwithoutnecessarilyaltering

FFAleve1.Inaddition,theyfbundthatatthesameFFAleveltherateofFFA

uptakewassignificantlyhigherduringexercisethanatrest,althoughtherateofFFA

uptakeincreasedlinearlywithFFAconcentrationduringrestandexercise.It

wasinferredthatthereleaseofnorepinephrinewhichhasbeenshowntobepropor-

tionaltothemetabolicrateduringexerciseundoubtedlyplayasignificantrolein

substratemobilizationtosupportthenewenergyrequirement.Ontheotherhand,

DIETERLEeta1.(1973)foundthatlacticacidwhichisthemajorproductfrommuscle

duringexercisestimulatedFFAuptakeanditsoxidationinthemuscletissuein

vivoandinvltro.Accordingly,theyassumedthatlacticacidmightbearegulating

factorfortheincreasedFFAuptakedu血gmuscularexercise.However,inour

previousstudy(MoRiyAeta1.,1974)itwasshownthatbloodlactateconcentration

wasnotalteredduringnorepinephrineinfusionincold-acclimatedratsunderthe

sameconditionsasinthisstudy。

PAuLandHoLMEs(1973)reportedthatatthesameFFAleve1,FFAturnover
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ratewassigni且cantlylowerinthyroidectomizeddogsthaninnormaldogs,and

thattheamountofFFAoxidizedwasthesameinthesetwogroupswhencompared

atthesamelevelofFFAturnoverrate.Theyconcludedthattheabsehceofthyroid

hormoneresultedinasuppressionofFFAuptakeaswellasFFAreleasebutnot

FFAoxidation.Itwasrecognizedthatthethyroidhormonehasaneffectonthe

metabolicrateandplaysanimportantroleinthemaintenanceofbodytempera-

ture.Theimportanceofthehormoneinthecontroloflipidmetabolismwasalso

demonstratedbyDEBoNsandScHwARTz(1961).Thereisevidenceindicatillg

thatthyroxineisessentialfbrthedevelopmentofcoldadaptation(LEBLANcand

VILLEMAIRE,1970;IToH,1974).TheenhancedturnoverrateofplasmaFFAin

cold-acclimatedratsmightbe,atleastinpart,relatedtotheincreasedsecretionof

thyroidhormoneinanimalsexposedtocold.
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