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EFFECTSOFNOREPINEPHRINEANDTHYROXINE

ONTHETURNOVERRATEOFPLASMA

FREEFATTYACIDS

KiyoshiMoRIYA,HiroshiMAEKuBo,KenichiHoNMA,

andShi】 〔ijiITOH

Department(ゾP乃 アsiologア,Hokkaido砺iversitア

56乃oolofMedieine,SapporoO60,■apan

AbstractEffectsofnorepinephrineinfusiononrectaltemperature,

plasmafreefattyacids(FFA)concentrationanditsturnoverratewere

studiedinratstreatedchronicallywithnorepinephrine,thyroxine,or

both.Chronictreatmentswiththesehormon.esresultedingreaterin-

creasesinrectaltemperatureandFFAturnoverrateinresponseto

norepinephrineascomparedwiththealterationsincontrols.Norepine-

phrine-inducedelevationofFFAconcentrationwassmalIerinnore-

pinephrine-treatedandnorepinephrineplusthyroxine-treatedratsthan

incontrols,andinthyroxine-treatedratstheelevationwassimilarto

that。fc。ntr。1s.Theregressi。nc。eMcient。fFFAc。ncentrati。n欝its

turnoverratewasgreaterinallthetreatedgroupsthanincontrolsal-

thoughpositivecorrelationswereobservedamongbothvariablesin

thefbrmerandthelatter.Fromtheresultsitwasinferredthatthegreater

increaseinremovalofplasmaFFAwasproducedbynorepinephrinein

parallelwiththegreaterincreaseinrectaltemperaturebynorepinephrine
inratstreatedwithnorepinephrineorthyroxinethaninthecontrols.

Theeffectsofnorepinephrineinfusionwerealsostudiedinsurgically

thyroidectomizedrats.Inthyroidectomizedratsadaptedtowarmor

cold,thesmallerincreasesinrectaltemperatureandintheturnoverrate

ofplasmaFFAwereinducedbynorepinephrineascomparedwiththe

changesinintactrats.ThealterationsinFFAconcentrationproduced

bynorepinephrinewereIessinwarm-adaptedthyroidectomizedrats

andrathergreaterincold-acclimatedthyroidectomizedratsthanin

respectivecontrols.

Incold-acclimatedratsitwasobservedinthepreviousreport(MoRlyAetal.,

1974)thatrectaltemperatureandtheturnoverrateofplasrnafreefattyacid

(FFA)duringnorepinephrineinfUsionattainedhigherleveIsthanthoseinwarm一
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adaptedcontrolonesinspiteoflowerelevationofFFAconcentrationinthe

formerthaninthelatter.Theconcentrationandtheturnoverrateinplasma

FFAatrestwereonthesamelevelsinbothgroups,respectively.Positivecor.

relationswereobservedbetweentheconcentrationandtheturnoverrateinplasma

FFA,rectaltemperatureandlogarithmconcentrationofplasmaFFAandrectal

temperatureandlogarithmturnoverrateofplasmaFFAinbothgroupswhen

thesevaliablesincludedeverythingbefbreandduringinfusionofnorepinephrine.

Theregressioncoe伍cientsofFFAconcentrationonFFAturnoverrateinplasma

andoflogarithmconcentrationinplasmaFFAonrectaltemperatureweregreater

incold-acclimatedratsthanincontrols.Theintersectionsoftwocorrelation

curvesineachcasewerearoundrestinglevelsofFFAconcentration,theturnover

rateofFFAandrectaltemperatureinbothgroups.Whiletherewasnodifference

inregressioncoef丘cientoflogarithmturnoverrateinplasmaFFAonrectaltem-

peratureamongbothgroups.Fromtheresultsitwasinferredthatremovalof

circulatingFFAwhichmightbeactivatedbynorepinephrinewassignificantly

greaterincold-acclimatedratsthanincontrolssinceinthesteadystateconditions

usedinthisstudytheturnoverraterepresentedtherateofFFAreleasefrom

adiposetissuesandofitsremovalbythetissues.Furthermore,itwasalsoin-

ferredthatanincreaseinFFAremovalfromthecirculationmightbeinducedby

norepinephrineinparallelwithanincreaseinrectaltemperature,andthatthis

phenomenonmightbeanimportantbasisfbrnonshiveringthermogenesisdevel-

opedincoldacclimation.

LEBLANcetal.(1964,1970,1972)reportedthatanimalstreatedchronically

witheithernorepinephrineorthyroxine,orbothshowedagreaterincreasesin

oxygenconsumptionandrectaltemperatureinresponsetoexogenousnorepi-

nephrineandagreaterresistancetoextremecoldof25。Cthancontrols.The

incrementsfoundintheseratsweresimilartothoseobservedincold-acclimated

ones.Thereafter,HsIEHandWANG(1971),NAGAsAKA(1972)andAGIsHIand

IToH(1975a,b)ascertainedtheincreaseinnorepinephrine-inducedcalorigenesis

inanimalstreatedwiththesehormones.Accordingtotheseresultsitwasindi-

catedthatnorepinephrineandthyroxineareessentialfbrthedevelopmentofcold

aCCIimatiOn.

Ontheotherhand,itwasrecognizedthatthyroidhormoneshaveaneffect

onthemetabolicrateandplayanimportantroleinthernaintenanceofbodytem-

perature,andthatinthyroidectomizedratslessercalorigenesiswasinducedby

norepinephrinethaninintactrats(HoNMA,1975).AccordingtoPAuLand

HoLMEs(1973)inthyroidectomizedconsciousdogsthelowerlevelofFFAturn-

overrateinplasmaandthesameconcentrationofplasmaFFAwereobserved

duringrestandacutecoldexposure,ascomparedwiththoseinnormaldogs.

Thepresentworkwasdesignedtodeterminethattheincreaseordecreasein

theremovalofplasmaFFAwasusuallyinducedbynorepinephrineinparallel

withtheriseorfallofcalorigenesisbynorepinephrineinanimalstreatedchroni一
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callywithnorepinephrine'orthyroxineandinthyroidectomizedanimals.

METHODS

AnimalsusedinthisstudyweremaleratsoftheWistarstrainwithanaverage

bodyweightof220gatthebeginningoftreatment.Theywereprovidedwith

waterandchow(OrientalMF)adlibitum.Inthefirstseriesofexperimentsrats

weredividedintothefbllowingfburgroups.Grouplwasoliveoilcontrols,

injecteds.c.dailywithO.15mlofoil/100gbodyweight.Group2wasnorepi-

nephrine(NE)-treatedrats,injecteds.c.withnorepinephrinebitartrate(Wako

Chem.Co.)suspendedinoliveoilinadailydoseof60μg/100g.Groups3was

thyroxine(T4)-treatedrats,injecteds.c.with5μgthyroxinenatrium(Sigma

Chem.Co.)/100g.Group4wasNE十T4-treatedrats,inj'ecteds.c.dailywith

norepinephrineandthyroxineindosesequaltothoseinGroups2and3.All

treatmentsweregivendailyfbr4weeksinaccordancewiththeperiodreportedby

AGIsHIandIToH(1975a,b)untilthedaybeforetheexperiment.Inthesecond

seriesofexperiments,thefollowingfburgroupsofratswereused.Grouplwas

warm-adaptedcontrols,keptat22。C.Group2wasthyroidectomized(TX)rats,

keptatroomtemperatureof22。C.Group3wascold-acclimatedcontrolrats,

exposedtoenvironmentof5。Cfor2to4weeks.Group4wascold-acclimated

TXratswhichwerethyroidectomizedafterexposuretocoldfbr2to4weeks.

Thyr・idect・mywasper飴rmedlandtheanimalswerepr・videdwith1%calcium

lactatesolutioninplaceoftap、 智aterandusedfbrexperiments2weeksafterthe

su「g茨蓋

er18hr血stin島rats翻 説 謡etizedwithurethane(15。mg/1。 。g

bodyweight,s.c.).Acontinuousinfusionof14C-palmitate(NewEnglandNu-

clearCorp.,specificactivity:500Ci/mol)-albumincomplexsolutionwasgiven

viatherightfemoralveinusingaconstantinfusionpumpwhichdelivered14μl

ofsolution(14C:5mμCi)perminthroughanindwellingpolyethylenecatheter.

Bloodsamplesweretakenfromthejugularveinintoheparinizedsy血gesatinter-

valsasindicatedbelow.Thesesampleswereusedfbrdeterminationsofplasma

FFAconcentrationanditsspeci丘cactivity(SA).Thefirstsamplewasdrawn

20minaftertheinfusionbf14C-palmitate.Immediatelyafterthesampling,norepi-

nephrineinfUsionwasstartedconcurrentlywith14C-palmitateviaanotherfemoral

veinataconstantrateof2μgpermin.Thesecondbloodsamplewasdrawn

20minafterthenorepi耳eph血einfusion.Understeadystateconditions,in-

fusionrateof14C-palmitatedividedbySAofplasmaFFArepresentstheturnover

rateofplasmaFFA(ARMsTRoNGetal.,1961;MoRiyAetal.,1974).

PlasmaFFAconcentrationwasdeterminedbythemethodofDuNcoMBE

(1963).RadioactivityintheFFAfractionswhichwereisolatedbythemethod

ofSTEINBERGetal.(1964)wascountedwithascintillationspectrometer.

Rectaltemperaturewasmeasuredatasitescmfromtheanusinaroomwith
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atemperature25。C.Itwasmeasuredbytheuseofthermisterthermometerjust

beforethestartofnorepinephrineinfusiona耳d10,20,and30minafterthestart

oftheinfusion.

RESULTS

1.Changesinrectaltemperaturebyno7epinephrine〃 卿5・ioηinNE-一,T4-,and

ハTE十T4-treatedrats

Effectofintravenousinfusionofnorepinephrineatarateof2μ9/minon

rectaltemperaturewasobservedinoliveoilcontrols,NE-,T4-,andNE十T4-

treatedratsunderurethaneanaesthesia.Effectofsalineinfusionwasalsosur.

veyedascontrolexperiments.

Befbretheinfusionrectaltemperatureswereonthesamelevelinthesefbur

groups(Table1).Inthecaseofinfusionofphysiologicalsalineagraduallower-

ingoftherectaltemperaturewasobservedinallgroups,andthemeanchangeof

threeratsfbr20minwas--1.410Cfbrcontrols,-0.65。CforNE-treatedones,

一一〇.83。CfbrT4-treatedonesand-0.33。CfbrNE十T4-treatedrats.AninfUsion

ofnorepinephrineresultedinasignificantelevation・ofrectaltemperatureinNE-,

T4-,andNE十T4-treatedgroups,butnotincontrols.ItisapParentthatthe

greaterincreasewasinducedbynorepinephrineinthetreatedgroupsthaninthe

controlS.

Table1.Changesinrectaltemperatureduringnorepinephrineinfusion(2μ9/min

for30min)inratstreatedwithnorepinephrine(NE)

andthyroxine(T4)underurethaneanaesthesia.

Group

No.
of
rats

Befbre

(。C)
alOmin ∠20min ∠30min

Oliveoilcontrol

jP

NE-treated

P

T4-treated

P

NE十T4-treated

P

6

10

9

10

35.32土0.15

34.75士0.21

35.79=ヒ0.23

35.97±0.14

一 〇.27±0.03

<0.001

-十一〇.39=』0.07**

<0.001

十 〇.21=ヒ0.05**

<0.001

十 〇.42土0.26*

<0.001

一一〇
.33=ヒ0.03

<0.001

十・0.99土0.13**

<0.001

十 〇.53」=0.08**

<0.001

十1.12±0.26**

<0.01

一一〇
.43士0.03

<0.001

十1.36=LO.18**

<0.001

十 〇.78±0.13**

<0.001

十1.47土0.36*

<0.01

Mean±SEM*.P<0.01,**P<0.001vs.oliveoilcontrol

Rectaltemperaturemeasuredjustbeforethestartofnorepinephrineinfusionisgiven

asbefbre,andchangesinrectaltemperatureduring10,20,and30minperiodafterthe

startofinfusionaregivenas∠10,∠20,and∠30.

2.Changes加theconcentrationandthetz〃noverrateρ プ」ρlas〃zaFFAinducedゐ ア

noreρin(?phrineinfusion加 ハ1五L,74-,andNE十74-treatedrats

EffectsofnorepinephrineinfUsionontheconcentrationandtheturnover

rateofplasmaFFAwereexaminedinthefburgroupsofrats.Althoughanaver.



Table2.Changesintheconcentration、andtheturnoverrateofplasmaFFAprodu㏄dby

norepinephrineinfusion(2μ91minfor20min)inratstreatedwithnorepinephrine

(NE)andthyroxine(T4)underurethaneanaesthesia.

No.of
rats

Body
weight

FFAconcentration(μEq/liter) Turnoverrate(μEq/min/loOg)

Group befbre after difference before after difference

Oliveoilcontrol

NE-treated

T4-treated

NE十T4-treated

6

0

9

0

ー
ユ

ー
⊥

365」=17

325±17

300=』14

300」=18

689」=72

679±30

702±49

787土37

1315=』45

1109=』48*

1416=』64

1168」=51

626土41

430±58*

693±42

381土47*

2.25±0.24

2.81±0.18

3.15」=0.28

3.66±0.27*

3.54士0.23

4.33土0.19*

5.41」=0.33**

5.32=ヒ0.36**

1.29士0.17

1.52=LO.21

2.26土0.25**

1.66土0.30

国
〉

目
q
因
2
d
〈
団
閃

即
〉
目
団

Mean土SEM*P<0.05,**P〈0.01vs.oliveoilcontrol

δ
刈
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agebodyweightofratsineachgroupswas220gatthebeginningoftreatments,

anincreaseinbodyweightfor4weeksseemedtobelessinNE-,T4-,andNE十

T4-treatedratsthanincontrols,presumably,asaresultoftheIipolysisactivated

bynorepinephrineorthyroxine(Table2).Befbretheinfusionplasmaconcentra-

tionsofFFAinthefourgroupswerenotdifferent,andtheturnoverrateofplasma

FFAwasthehighestinNE十T4-treatedrats,thelowestincontrolsandinter-

mediateinNE-andT4-treatedrats(Table2).Asseeninthistable,norepinephrine

infusioncausedsignificantincreasesintheconcentrationandtheturnoverrateof

FFAofeachgroup,respectively.ItshouldbenotedthatinNE-andNE十T4-

treatedratsnorepinephrine-inducedelevationofFFAconcentrationwaslessin

spiteofhigherincreaseinFFAturnoverrate,ascomparedwiththechangesin

controls.InT4-treatedratstheelevationofplasmaFFAconcentrationwas

similartothatofcontrols,buttheturnoverrateofFFAshowedamarkedincrease.

Aftersalineinfusion,nosignificantchangeswereobservedinbothconcentration

andturnoverrateofFFAinallgroups.

O
O
O
一
、
⊆
旧⊆
」
、
σ
円
見

幅
」
O
》
O
=
」
5
ヴ

」《
」
』

6

5

4

NE-TREATED

Y昌0.0032X+0.72 ●

r=0.832P〈0.01
/
/

/
/
/
/

緯 ・・

港

一 一
〇50010001500

FFAconcentration;刃Eq1litter

Fig.1.RelationshipbetweenFFAconcentrationanditsturnoverrateofplasmain

NE-treatedratsandcontrolones.

WhentherelationshipbetweenFFAconcentration(X)anditsturnoverrate

(y)wasexamined,significantpositivecorrelationswereobtainedinthesefour

groups(Fig.1andTable3).Theregressionequationswerecalculatedbythe
methodofleastsquaresandincludedthevaluesbefbreandduringnorepinephrine

infUsion.EachregressioncoeMcientforthetreatedratswassignificantlygreater
thanthatfbrcontrols(Table3).

3.Elevation(～ プrectalte〃4フeratz〃 ・θinrelationtotheconcentrationandtheturn-

overrateofplasmaFFAinlVE-,T4-andNE+T4-treatedrats

Inordertoinvestigatethepossibilitythattheelevationofrectaltemperature
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Table3.Relationshipbetweentheconcentration(X)andtheturnover

rate(y)inplasmaFFAinratstreatedwithnorepinephrine

(NE)andthyroxi血e(T4).

Group η 鱒X ア
Regression

equatlon

Regression
coeMcient

Correlation

coef五cient
1》*

Oliveoil12

control

NE-treated20

1)yぶ 」control

T4-treated18

PVS'.control

NE十T4・20

treated

1⊃ys.co]【itrol

10022.90】r==O.0022X十 〇.66

8943.52y==O.0032X十 〇.72

10594.28y==O.0033X十 〇.72

9784.49y-=O.0039X十 〇.68

0.0022

0.0032

<0.01

0.0033

<0.01

0.0039

<0.01

0.910

0,832`

0.874
、

ノノ

t'0
.720マ

<0.01

<0.01

<0.01

<0.01

岬

n;thenumberofvariables.

Xand】r;therespectiveaverageofXand】r.

*fbrcorrelationcoefficient
.

inducedbynorepinephrineisrelatedtotheincreaseinFFAconcentrationorFFA

turnoverrate,rectaltemperaturewasanalysedfbrlogarithmconcentrationof

FFAandlogarithmturnoverrateofFFA(Tables4and5).Inthiscasethecor-

rectionalvaluewasaddedtoeachrectaltemperaturemeasured20minfollowing

norepinephrineinfusionsincerectaltemperatureofratswasgraduallyloweredby

urethaneanaesthesia.Thevaluewasanaveragechangeinrectaltemperature

duringinfusionofphysiologicalsalinefbr20minandwasdetailedinpartlof

results.AsshowninTable4,positivecorrelationswereobtainedbetweenrectal

temperature(y)andlogarithmconcentrationofFFA(X)inallgroups.There-

gressioncoef丘cientsforNE-andNE十T4-treatedgroupsweregreaterthanthat

Table4.RelationshipbetweenlogaritimconcentrationofplasmaFFA(■)

andrectaltemperature(y)inratstreatedwithnorepinephrine

(NE)andthyroxine(T4).

Group 一X ア
Regression

　
equatlon

RegressionCorrelation

COef丘CientCOef【iCient
P*

Oliveoi112

control

NE-treated20

1⊃ys.control

T4-treated18

Pys.control

NE十T4・20

treated

jPys.contro1

2.97435.86y==2.2810gX十29.08

2.93435.56】r==6.5110gX十16.47

2.99236.47】r==2.6510gX十28.55

2.97736.69y=6.85109X十16.31

2.28

6.51

〈0.01

2.65

NS

6.85

〈0.05

0.600

0.803

0.498

0.676

<0.05

<0.01

<0.05

<0.01

n;thenumberofvariables.

Xandア;therespectiveaverageofXandy.

*forcorrelationcoef且cient .
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Table5.RelationshipbetweenthelogaritimturnoverrateofplasmaFFA(X)

andrectaltOmperature(y)inratstreatedwithnorepinephrine
'(NE)andthyroxine(T4) .

Group η 胴X ア
Regression

ロ
equatlon

RegressionCorrelation
COeMCientCOeMCient

P*

Oliveoil12

control

NE-treated20

1⊃vs.control

T4・treated18

Pツ5r.control

NE十T4-20

treated

PVS.control

0.44035.86y==2.1910gX十34.89

0.53435.56y==4。5810gX十33.12

0.60536.47y』=3.1710gX十34.56

0.63536.69Y==5.0810gX十33.47

2.19

4.58

NS

3.17

NS

5.08

NS

0.471

0.604

0.529

0.594

NS

<0.01

<0.05

く0.01

璽thenEmber・fvariables・

XandY;therespectiveaverageofXandy.

*fbrcorrelationcoeMcient .

fbrcontrols.Positivecorrelationswerealsoobtainedbetweenrectaltemperature

(y)andlogarithmturnoverrateofFFA(X)althoughincontrolratsthesigni且cance

ofcorrelationamongbothvalueswaslowerthanthelowestsigni且cantleve1,and

nodifferenceintheseregressioncoefhcientswasobservedbetweengroupstreated

withnorepinephrine,thyroxine,orbothandcontrols(Table5).

4.Changes加rectalte〃 亀ρ(～ratureわ アnoreρinephrlne〃zfusion加'乃 アroidecto〃zized

7ats

Effectof.norepinephrineinfusionatarateof2pagandO.5μgperminonrectal

temperaturewasobservedinTXratsadaptedwarmandcoldenvironments.

一Table6 .Changesinrectaltemperatureduringnorepinephrineinfusion

inthyroidectomized(TX)ratsunderurethaneanaesthesia.

Group
No.
of
rats

Before

(。C)
AIOmin A20min

Norepinephrineinfusionrate;2μ9/min

Roomcontrol

TX

Cold-acclimatedcontrol

TX

1536.18」=0.25

732.76士0.32**

1536.49±0.41

733.92=」=0.53*

一一一〇.33士0.11

--O .84ヨ=0.07*

十 〇.52土0.13

-0 .33=』0.10**

一 〇.51d=0.19

-1 .39」=0.06*

十1.11土0.26

-一一〇.24土0.12*

Norepinephrineinfusionrate;0.5μ9/min

Cold-acclimatedcontro1.435.60土0.20

TX531.93±0.59*

一一〇.16=と0.16

-0 .42±0.10

一一〇.04士0.29

--O .75士0.19

Mean±SEM*P<0.01,**1)<0.001vs.respectivecontrol

Rectaltemperaturemeasuredjustbeforethestartofnorepinephrineinfusionis

givenasbefore,andchangesinrectaltemperatureduring10and20minperiodafter

thestartoftheinfusionaregivenas∠110andA20.



Ta'ble7.ChangesintheconcentrationandtheturnoverrateofplasmaFFAproducedby

norepinephrineinfusionfbr20mininthyroidectomized

(TX)ratsunderurethaneanaesthesia.

Group No.of
rats

Body

weight

FFAconcentration(μEq/liter) Turnoverrate(μEq/min/loo9)

befbre after difference before after difference

Norepinephrineinfusionrate;2μg/min

Roomcontrol

TX

Cold-acclimated

control

TX

14310

7335

16350

7285

580±22

426土42

626±30

347±24**

1185士46

907」=57**

992±38

1109±71

605士42

481=』27

366土29

763士87***

1.99土0.13

1.11」=0.15**

2.29」=0.21

0.91=と0.11***

3.39=』0.19

1.87」=0。14***

4.21=LO.31

3.04±0.27*

1.39士0.14

0.75士0.06**

1.92」=0.22

2.14」=0」8

Norepinephrineinfusionrate;0.5μg/min

Cold-acclimated

control

TX

4200

5205

672土68

466±66'

866土88

851=』73

194=』28

384」=56*

3.26=』0.31

1.33=』=0.19**

4.03=』0.34

2.47土0.24*

0.82士0.15

1.14」=0.19

蜀
〉
.
目
d
.閑
Z
O
〈
団
戸

戸
〉
目
団

Mean」=SEM*1)<0.05,**・P<0.01,***・Pく0.OOIvs.respectivecontrol

"
占
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BefbretheinfUsionrectaltemperatureoftheseTXratswerelowerthahthatof

respectivecontrols(Table6).Duringtheinfusionatarateof2μgperminrectal

temperaturefellgraduallyinwarm-adaptedcontrols,warm-TXandcold-TX

rats,whileitroseincold-acclimatedrats.Infusionofnorepinephrineatarate

ofO.5μgperminwasineffectivetoinduceelevationofrectaltemperaturein

everygroup,buttheextentofthedecreasewasmuchIessincold-acclimatedcon-

trolsascomparedwiththatincold-TXrats.Thus,itwasshownthatthyroidec-

tomysuppressesthecalorigenicactionofnorepinephrine.

5・Changesintheconeenlrationandthet〃rnoverrate()fplasmaFFAin吻roid-

ectomizedrats

Befbrethenorepinephrineinfusion,plasmaconcentrationofFFAandthe

turnoverrateofplasmaFFAofwarm-TXandcold-TXratswerelowerthanthose

oftherespectivecontrols(Table7).NorepinephrineinfUsioncausedsignificant

increasesinthebothvariablesofeachgroup.Inwarm-adaptedratstheelevation

ofFFAconcentrationandturnoverratewassmallerinTXratsthaninthecon-

trols.Whileincold-accIimatedrats,FFAconcentrationofTXratsincreased

toasimilarlevelasthecontrolsinspiteofalowerlevelofturnoverrateinplasma

FFA.

InthesegroupspositivecorrelationswereobtainedbetweenFFAconcentra-

tion(■)anditsturnoverrate(y)inplasmawhenbothvariablesincludedevery-

thingbeforeandduringinfusionofnorepinephrineatarateof2μgpermin

(Table8).Theregressioncoe伍cientsofFFAconcentrationonFFAturnover

ratefbrTXratsinthebothdiffbrentambienttemperaturesweresignificantly

smallerthanthatforrespectivecontrols(Table8).

Table8. Relationshipbetweentheconcentration(X)andtheturnoverrate(y)

inplasmaFFAinthyroidectomized(TX)rats.

Group 喘X ア
Regression
equatlon

RegressionCorrelation
coeMcientcoefHcie]nt

1)*

Roomcontrol

TX

1⊃VS.contro1

Q
O

4

∩∠

{1

8832.69】r=0.0024X十 〇.57

6061.49y==0.OO18X十 〇.32

0.0024

0.0018

<0.01

0.809

0.917

く0.01

く0.01

Cold-acdimated32

control

TX14

1)vs.control

8093.25

7281.98

y==O.0047X十 〇.58

y=O.0028X十 〇.04

0.0047

0.0028

〈0.01

0.753

0.944

<0.01

<0.01

「

n;thenumberofvariables.

XandY;therespectiveaverageofXandY.

*fbrcorrelationcoef丘cien
.t.

DISCUSSION

Inthisstudychronictreatmentsofratseitherwithnorepinephrineorthyro一
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xine,orbothcausedgreaterresponsestoinfusednorepinephrineinelevating

rectaltemperatureandtheturnoverrateofplasmaFFAincomparisonwiththe

responsesincontrols.Ontheotherhand,theeffectofnorepinephrineonin-

creasingFFAconcentrationwaslessinNE-andNE十T4-treatedratsthanin

controls,'butinT4-treatedratsitwassimilartothatincontrols(Tablesland2).

AlthoughpositivecorrelationwasobservedbetweenFFAconcentrationandits

turnoverrateineachgroup,theregressioncoe伍cientwasgreaterinNE-,T4-,

andNE十T4-treatedratsthanincontrols(Table3).Theseresultsareconsistent

withthegeneralconceptthattheturnover(・uptake)ofplasmaFFAchangesin

parallelwiththeconcentrationofplasmaFFAbymassactioneffect,although

theratioofFFAturnoverratetoitsconcentrationwasgreaterinNE-,T4-and

NE十T4-treatedratsthanincontrols.Thyroidhormonepotenciatestheeffect

ofnorepinephrineonlipolysisinadiposetissue(DEYKINandVAuGHAN,1963;

CALDwELLandFAIN,1971),therefbrenorepinephrine-inducedlipolysismaybe

enhancedmoreinT4-treatedratsthanincontrols,resultinginhighermobilization

ofFFAtothecirculation.Thus,itcanbededucedthatFFAuptake'bythe

tissuesmaybestimulatedmorestronglybynorepinephrineinT4-treatedratsthan

incontrolsfromthefactthattheregressioncoef丘cientofFFAconcentrationon

itsturnoverratewasgreaterintheformerthaninthelatter.Itisalsoinferred

thatinNE十T4-treatedratsaswellasT4-treatedratsFFAuptakefromthe

circulationmaybeactivatedmorestronglybynorepinephrinethanincontrols.

Sincethenearchangeswereinducedbynorepinephrineinrectaltemperature

andinoxygenconsumptionofratsunderourexperimentalconditions(unpublished

data)andothers(LEBLANcandPAuLIoT,1964),calorigenesisbynorepinephrine

wasinferredfromtheelevationofrectaltemperature.Theregressioncoefficient

oflogarithmconcentrationinplasmaFFAonrectaltemperaturewasgreaterin

NE-andNE十T4-treatedratsthanincontrolsalthoughpositivecorrelationamong

thebothvariableswasobservedineachgroup(Table .4).Whileinthefbrmers

theregressioncoefliicientoflogarithmturnoverrateinplasmaFFAonrectaltem-

peraturewasnotdifferentfromthatofthelatter(Table5)。Therefbre,atthesame

FFAconcentration,rectaltemperaturewashigherinNE-andNE一 トT4-treated

ratsthaninthecontrols,andrectaltemperaturewasthesameinbothgroups

whencomparedatthesameleveloftheturnoverrateofFFA.Theseresultsseem

tosuggestthatanequalpercentageofFFAuptakedbythetissuesmightbeuti-

IizedfbrcalorigenesisinthetissuesofNE-andNE十T4-treatedratsandofcon-

trols,andthattheturnover(=uptake)rateofFFAmightbestimulatedmore

stronglybynorepinephrineinthefbrmersthaninthelatter.BetweenT4-treated

ratsandcontrols,nodifferencesinregressioncoeMcientsoflogarithmconcentra-

tionofFFAonrectaltemperatureandoflogarithmturn.overrateofFFAonrectal

temperaturewereobserved.Theseresultsmaybeconsistentwiththefactthat

thegreaterregressioncoeMcientofFFAconcentrationonitsturnoverratewas

inducedbynorepinephrineinT4-treatedratsaswellasNE-andNE一 トT4-treated

夕
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onesthanincontrols,sinceFFAconcentrationinplasmarepresentstheequilibrium

ofreleasefromadiposetissuesanduptakebythetissues.Thus,itmaybecon-

cludedthatFFAuptakebythetissuesaugmentedbynorepinephrinecontributes

incommontothegreaterelevationofrectaltemperatureinducedbynorepinephrine

inNE-,T4-,andNE十T4-treatedratsthaninthecontrols.Inthisstudy,theeffect

ofintracellularlevelofchronicaltreatmentswithnorepinephrineandthyroxine

remainedtobesolved.

Itisknownthatthyroidhormoneaffectscatecholaminemetabolisminnormal

andcold-exposedrats(SELLERsetal.,1971).Aゼ40Cmildhypothyroidratsex-

cretedmorenorepinephrineandhyperthyroidratsexcretedIessnorepinephrine

thaneuthyroidrats,althoughineachcasetheexcretionratewashigherthanthat

atroomtemperature,indicatingthepresenceofpartialcompensatorysecretion

amongthesetwohormones(SELLERsetal.,1951,1974).Fromtheseobservations

itisassumedthattheeffectsoftwohormonesonthedevelopmentofnonshivering

thermogenesisarepossiblymediatedthroughthecommonprocessesalthoughthe

mechanismsofactionsoftwohormonesareobscure.

Inthepresentstudyplasmathyroxineandtriiodothyronineconcentrations

weredeterminedbyradioimmunoassay(bycourtesyofDr.NorimichiKonno).

Plasmathyroxinewasfbundtobe12μ9/dl土0.8(SEM)andtriiodothyroninewas

97ng/dl土7.5inT4-treatedratsand2.7±0.3and28土4.9inoliveoilcontrols,

respectively.ThesevaluesobtainedinT4-treatedratsarecompatibletothosein

hyperthyroidanimalsproposedbyAzIzIetal.(1974).AccordingtoSwANsoN

(1957),thyroxinesecretionratewas5μ9/1009/dayinratsexposedtocold,and

sothedoseusedinthisstudyseemswithintherealmofphysiologicaldose.

Itisapparentthatthelowerrectaltemperaturewasinducedbythyroidectomy

(Table・6).AtresttheconcentrationandtheturnoverrateofplasmaFFAseemed

tobelowerlevelsinTXratsthaninintactrats,andtobemorepronouncedinthe

turnoverratethanintheconcentrationofFFA.Duringnorepinephrineinfusion

smallerincreasesinbothvariableswereinducedinwarm-adaptedTXrats,while

incold-acclimatedTXratslowerlevelofFFAturnoverratewasproducedin

spiteofthesamelevelofFFAconcentration,ascomparedwiththoseinrespective

controls(Table7).Althoughpositivecorrelationwasobserved'betweenplasma

FFAconcentrationanditsturnoverrateineachgroup,theregressioncoeMcient

wassmallerinTXratsthaninintactrats(Table8).Deficiencyofthyroidhor-

moneshasreportedtocauseadecreaseinFFAmobilizationfromadiposetissues

(DEBoNsandScHwARTz,1961).However,fromthepresentresults,itwassug-

gestedthatabsenceofthyroidhormonesmightresultinagreatersuppressionon

uptakeofFFAthanonitsmobilizationinparallelwithafallofcalorigenesis.

Doseofnorepinephrineusedinthisstudymaybealsowithinphysiological し
rangesinceLEDuc(1961)suggestedthatthemaximumsecretionrateintotheblood

incold-exposedratswasabout60μg/100g/day.Inthisstudyincreasesinrectal

temperatureinducedbynorepinephrineweregreaterinNE-andNE十T4-treated
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ratsthanincontrols,therefore,theroleofnorepinephrinefbrthedevelopmentof

nonshiveringthermogenesiswascon且rmedinaccordancewithotherinvestigators.

TheincreaseordecreaseinuptakeofplasmaFFAwasproducedbynorepinephrine

inparallelwiththeriseorfallofcalorigenesisbynorepinephrineinthisstudy.

Accordingly,itseemsthatexplorationofintracellularprocessofplasmaFFA

turnoverratewillcontributetoclarifyingbasicmechanismsunderlyingnon-

shiveringthermogenesis.

TheauthorsgratefullyacknowledgeDr.N.Konnoforthedeterminationofplasmathyroid

hormonesandProf.T.Hiroshigeforthehelpfuldiscussion.
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