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Itisknownthatbrownadiposetissueplaysanimportantroleinthe

-thermogenicresponsetocoldbythelocaloxidationoftrigly-

ceridesafterlipolysis1肖5).Ontheotherhand,themainfunctionofwhite

adiposetissueisthesynthesisandstorageoftriglyceridesandtherelease

く)ffreefattyacidsintothebloodstreamwhenrequiredlThus,HEIMand

KELLERMAyER5)claimedthatbrownfatismobilizedinresponsetocoldbut

notduringstarvation,whilewhitefatservesasametabolicreserveandis

usedduringstarvation.

Itmightbepresumedthatthecompositionofbrownfattriglyceridesis

temperature-dependentandrelatestothermogenesis.SeveralreportsapPeared

・onthefattyacidcompositionofbrownfatintherat6・7)
,mouse8・9),newborn

:τabbitlo),newbornhumanlo)andbat11・12).AccordingtoWILLIAMsandPLA-

OTNER7)
,coldacclimationdidnotindu、ceanysigni負cantincreaseintherelative

levelofunsaturationinbrownfatoftheratandhamster,whilewhitefat

・showedanincreaseinunsaturationunderthesameconditions .Intheirex・

perimentson、ratswhichwereexposedtocoldfor8to9weeks,changesin

thefattyacidcompositioninearlyphasesofcoldexposurewerenotobserved.

Sincethefatc㎝tentofbrownadiposetissueisknowntodecreasevery

Tapidlyafterexposuretocold,theproportionoffattyacidcomponentsmay

changeduringarelativelyshortperiodofcoldexposure.Thepresentstudy

wasattemptedtoanalyzethefattyacidsinbrown,aswellasinwhite,fat

inratsexposedtocold.Thisreportalsodealtwithsexdifferencesandthe

effectofstarvationonthecompositionofbrownOfat.
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METHODS

Wistarratsofbothsexes,2to3monthsinage,wereusedinthisstudy.They
咽werehousedataconstanttemperatureof20。Candreceivedratbiscuitandwaterα4

1ibitum.Cold・exposedratswerekeptinindividualwirecagesatO。Cfor3and24
'h
oursandat5。Cforland4weeks.GonadectomywasperformedunderNembutal

anesthesiaandtheratwereμsedforexperiments2weeksafterthesurgery。
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Theanimalsweresacrificedbydecapitation.Interscapularbrownadiposetissue.

aswellasepididymalorparametrialadiposetissuefrommaleorfemalerats,respec-

tively,wereremoved.Thebrownadiposetissuewastrimmedwithscissorstoremove

allwhitefat.ThetotallipidswereextractedbythemethodofFoLcHetal.13)and

dryweightandwatercontentweredetermined.

Fortheanalysisoffattyacidcomposition,thetissuewasextractedwithchloroform-

methanol(2:1),glyceridesweresaponi丘edwithO.3NKOHinmethanol
,andfatty

acidswereconvertedtotheirmethylesterderivativesbytreatmentwith2%sulfuric

acidinmethano1.AParkin・Elmergaschromatographicinstrument(Model811)was

usedfortheanalysisoffattyacidmethylestermixture.Separationofthemethyl

esterswasachievedona12-footglasscolumnpackedwithdiethyleneglycolsuccinate .

polyesterinDiabaseAandoperatedat180。C,usingnitrogenasthecarriergasata.

flowrateof30mlperminute.・
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RESULTS

1・Sexdifferences伽theノ 召f砂acidcomψosition(ゾ わγoωπ ノ寵.TABLElshows

TABLE1.

Sexdifferencesinthefattyacidcomposition(inpercentage)
ofadiposetissuesoftherat.
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No.ofrats

喝

C12:0

P

C14:0
'P

C14:1

C16:0

P

C16:1

P

C18:0

P

C18:1

P

C18:2

P

C18:3

P

、

Total
saturated

P

Male

D

Brownfat
Fema1e

10 9

0.2+.02

3.4±.17

0.4±.04

29.2+.64

5.9+.38

7.9±.35

31.5±.71

19.9+1.53

1.6+.18

<0.001

<0.001

<0.001

<0.001

く0.01

<0.001

<0.02

0.1+.01

2.3+.33

0.4+.05

22.8+.91

3.2+.36

9.7+.29

31.1+.96

28.2+1.33

2.4+.26

40.7+1.10

<0.01

34.6+1.36

Male
Whitefat

Female Fi

10
'8

0.1+.03

1.8+.11

0.6+.05

27.0+.58

6.5+.43

3.3+.24

31.6+.73

27.0±.79

2.2±.28

<0.01

<0.001

<0.001

0.1+.03

1.3+.09

0.5+.05・

23.6+.42.

5.9+.65・

3.3+.29

36.2+.64

26.6+.80

2.6+.45

τ

,

書

C

C

1
8

C

C

C」

C

C

C

32.2+.64

<0.001

28.2+.51

c
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重 Mean+S.E.
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thedistributionoffattyacidcomponentsofratbrownandwhiteadipose

tissues.The丘guresonbrownfatwerenotmuchdifferentfromthosere-

portedbyothersiptherat6・7)andmouse8・9).Oleic(C18:1),linoleic(C18:2)

andpalmitic(C16:0)acidswerefoundtoaccountformorethan80percent

ofthetotalfattyacidsinthebrownfat.Itcanbeseen,however,inthe

tablethatthep「oportionoflinoleicacidwasma「ke燵lyhighe「andthat

ofpalmiticacidconsiderablylessinfemaleratsthanmmaleones,while

TABLE2.

Effectofgonadectomyonthefattyacidcompositionof

interscapularbrownadiposetissueoftherat.

No.ofrats

Bodyweight,g

Brownfat,

mg/100g

P

Dry二matter,%

P

・Fat,%

P

Water,%

P

C12:0

P

C14:0

P

C14:1

C三16:0

P

C116:1

P

C18:0

P

C18:1

P

C18:2

P

C18:3

'

Total
saturated

P

Control

Female

Gonadex*

9

230

74±2

16.9+.80

31.4+1.54

51.7+1.58

<0.001

<0.001

<0.001

<0.05

8

235

119±5

12.5±.50

41.2±1.64

46.3±1.46

0.1+.01

2.3+.33

0.4+.05

22.8+.91

3.2+.36

9.7±.29

31.1+.96

28.2+1.33

2.4+.26

<0.02

<0.05

<0.05

0.1±.02

3.0+.26

0.3+.07

25.1+1.24

3.7±.29

11.3±.65

28.2±.60

26.4±L25

1.9+.18

34.6+1.36

<0.05

39.5+1.48

ノ

Contro1

Male

Gonadex*

10

300

84±11

10,4+.72

48.1+2.58

41.5+2.00

<0.02

<0.05

5

8

噌⊥3

72±5

13.2+.64

39.2+2.70

47.7+2.57

0.2+.02

3.4±.17

0.4+.04

29.2+.64

5.9±.38

7.9±.35

31.5±.71

19.9±1.53

1.6±.18

<0.001

<0.01

<0.05

<0.001

<0.01

<0.01

0.1+.01

3.1+.21

0.3+.04

25.1+.93

4.7+.41

10.9+.44

27.8+.78

26.0+1.18

2.1+.28

40.7+1.10 39.1+.62

*2weeksaftertheoperation.
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FIG.1.Sexdifferencesoffattyacidcompositionofbrownfatandtheeffect

ofgonadectomyonthecomposition.

thatofoleicacidwasatthesamelevelinbothsexes.Althoughdifferences

weresmall,thevaluesofpalmitoleic,myristicandlauricacidswerelessin

femalesascomparedwiththoseofmales.Percentagesoftotalsaturated

fattyacidswere40.7percentinmalesand34.6percentinfemales,thedif。

ferencebeinghighlysigni丘cant.Whentotalmono-unsaturatedfattya¢ids

werecompared,thevaluewassomewhathigherinmales,whilethepercen。

tageoftotalpoly-unsaturatedfattyacidswasmarkedlyhigherinfemales,

amountingto30.6percent,thaninmales(21.5p6rcent).

ト

一

鳳

2.Sexdifferencesintんefattyacidcomψositionofwhitefat.Whitefatused

inthepresentstudywasparametrialfatforfemaleratsandepldidymalfat

formalerats.However,sexdifferencesinthefattyacidcompositionwere

rathersma11(TA飢E1).Significantdifferencesobservedwereahigherpro-

portionofpalmiticacidandalesserproportionofoleicacidinmalesin

comparisonwiththerespectivevaluesinfemales.Asmalldifferenceinmy-

risticacidwasalsonoticed,butthedifferencewasessentiallyneg嚢igib翌e.Tota隻

saturatedfattyacidsweresignificantlylessinfemales(28.2%)thaninmales

(32.2%),thedifferencebeingmostlyduetoahigherpercentageofmono-

unsaturatedfattyacidsinfemales(42.6%)thaninmales(38.7%).

3.、Effectofgonadectomyon痂 θ ノ召'妙acidcomposition.Thesexdifferences

observedabovemightbeproducedbyhormonaldifferences.Toelucidate

possibleparticipationofsexhormonesinthedifferencesoffattyacidcom-

position,gonadectomywasperformedinratsofbothsexes.Twoweeks
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afterthesurgerythefattyacidsinbrownandwhiteadiposetissueswere

analyzed.

AsshowninTA肌E2,infemalebrownfattheproportionofpalmitic,

stearicandmyristicacidsincreasedsignificantlyaftergonadectomy,while

inmalebrownfatpalmiticandoleicacidsdecreased.Smalldecreasesin

palmitoleicandlauricacidswerealsoobservedinmales.Moreover,amarked

increaseinlinoleicacidandalessincreaseinstearicacidwerefoundin

malefataftergonadectomy.Itwasofparticularinterestthatthefattyacid

patternsofbrownfataftergonadectomywerealmostthesameinbothsexes

(FIG.1).

Theeffectofgonadectomyonthefattyacidsinwhitefatwasrather .

small(TABLE3).Inmaleratstheonlyacidtoshowasignificantchangewas

TABLE3.

Effectofgonadectomyonthefattyacidcomposition

ofwhitefatoftherat,

No.ofrats

Bodyweight,g

Drymatter,%

Fat,%

Water,%

C12:0

C14:0

P

C14:1

C16:0

P

C16:1

C18:0

C18:1

C18:2

C18:3

'

Total
saturated

P

Control

Female

Gonadex*

9

230

1.6+.13

79.6=ヒ2.45

18.8+2.54

8

235

1.8+.36

79.8±2.08

18.4±1.76

0.1+.03

1.3+.09

0.5+05

23.6+42

5.9± 。65

3.3+,29

36.2+.64

26.6=ヒ.80

2.6±.45

<0.05

0.1+.01

1.7+.15

o.6+.05

23.7+.59

6.5+.33

3.6±.45

34.8±.65

27.0+.65

2.0+.20

28.2+.51 29.1+.66

Control

Male

Gonadex*

10

300

1.4+.09

85.7±.70

12.9+.86

8

315

1.4±.07

87.1±.78

11.9±.68

0.1±.03

1.8±.11

0.6±.05

27.0±.58

<0.001

6.5±.43

3.3+.24

31.6±.73

27.0±.79

・2 .2+.28

0.2+.05

2.2+.19

0.7±.05

23.7±.71

7.8±.55

2.9±.28

30.3±.58

29.8+1.14

2.6+.12

32.2+.64

<0.01

28.9+.90

Mean±S.E.

*2weeksaftertheoperation .

palmiticacid,whichdecreasedaftergonadectomy.Infemaleratsnoessen-

tialalterationwasobserved,exceptasmallincreaseinmyristicacid.

灘.沸
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FIG.2.Effectofcoldexposureonthetotalweightandwater,1ipidand

fat・freedrymattercontentofinterscapularbrownfatinma1e士ats.
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FIG.3.Effectofcoldexposureonthetotalweightandwater,1ipidand

fat.freedrymattercontentofepididymalwhitefatinmalerats.
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4.Effectofcolderゆosureontheプ 襯yacidcomψositiono/bγownノ 召ムMale

ratswereexposedtocoldatO。Cfor3and24hoursandat5。Cforland

4weeks.Exposuretocoldcausedaninitialdecreasein‡heweightofbrown

adiposetissue,whichismostlyascribedtoadecreaseinfatcontent.How-

ever,theweightincreased40percentoverthecontrollevelafterlweekand

53percentafter4weeks,theincreasedweightwasconsideredtobedue

toanincreaseincytoplasmicconstituents.Thepatternsofchangesinlipids,

waterandfat-freedrymassareillustratedinFIG.2.

AsshowninTABLE4,markedchangesintheproportionoffattyacids

inbrownfatwereproducedbycoldexposure.Oleicaciddecreasedprogres一

TABLE4.

Effectofcoldexposureonthefattyacidcompositionof

interscapuiarbrownadiposetissueinthemalerat.

No.ofrats

Bodyweight,g

BATweight,mg

Fat,%

P

C12:0'

P

C14:0

P
ソ

C14;1ご

C16:0

P

C16;1

P

C18:0

P

C18:1

P

C18:2

P

C18:3

P

画

Total
saturated

P

Control

10

300

266

48±3

0.2±.02

3.4+.17

0.4±.04

29.2±.64

5.9+.38

7.9+.35

31.5±.71

19.9+1.53

1.6+.18

40.7+1.10

Coldexposure

　　へ

φ る,9皇一r)
も

9

310

217

29±3

<0.001

!

0.1+.02

<0.01

2.8+.13

<0.02

0.4±.05

27.5±.85

5.4+.48

8.3±.36

31.6±1.06

21.8+2.12

R・P± ・21
」

38.8±.84

0。24hr,
～ ノ

10

300

231

16±1

<0.001

0.1+.01

<0.001

1.5+.08

<0.001

0.3+.05

26.1+.66

<0.01

4.7+.35

<0.05

8.3+.36

30.2+.30

27.2±.58

<0.001

1.6+.17

36.0±.58

<0.01

5。1w

7

250

440

21±1

く0.001

0.1+.01

<0.001

1.7+.10

<0.001

0.3+.05

26.7+.63

<0.02

3.0+.23

く0.001

9.1+.43

<0.05

26.9+.67

<0.001

30.1+.82

<0.001

2.2±.30

37.5+.97

5。4w

8

295

572

22±3

<0.001

0.1+.02

<0.01

2.2±.10

<0.001

0.3+.03

28、6+1.35

3.9+.54

く0.001

11.3±.16

<0.001

24.4+.85

<0.001

26.7±1.47

く0.01

2.5±.36

<0.05

42.3±1.42

Mean±S.E.
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sivelyduringcoldexposure,whilelinoleicacidincreased.Asmanbut

significantincreaseinthepercentageofstearicacidwasalsoobserved.

Palmiticacidwasfoundtodecrease24hoursandlweekafterthecold,and

palmitoleicaciddecreasedprogressivelyinthecold.Thepercentageoftotal

saturatedfattyacidsdecreased24hoursaftertheco1d,buttendedtoin-

creasethereafter.

鳳

5.Effecto∫coldexposttreoπtheノ 説 砂acidcompositiono∫whiteノ 召f.During

・coldexposuretherewasaprogressivedecreaseintheweightofwhiteadipose

tissue.AsseeninFIG.3,thechangeintotalweightisconsideredtobe

mostlyduetothelossoflipidsfromthetissuewithoutessentialalteration

inthewatercontentandfat-freedrymatter.

Inwhitefatofratsexposedtocoldrathersmallchangeswerefoundin

thefattyacidcomposition(TABLE5).Theonlyacid,whichshowedanote-

worthydecrease,waspalmiticacid.Initialchangeswhichmightappearin

レ

TABLE5.

Effectofcoldexposureonthefattyacidcomp6sitionof

epididymaladiposetissueinthemalerat.

ム

々

`

ワ

裏

璽

麟
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No.ofrats

Bodyweight,g

WATweight,mg

Fat,%

P

C12:0

P

C14:0

C14:1

C16:0

P

C16:1

C18:0

C18:1

P

C18:2

P

C18:3

Total
saturated

Control

10

300

3632

86+.7

0.1+.03

1.8+.11

0.6+.05

27.0+.58

6.5+.43

3.3+.24

31.6+.73

27.0+.79

2.2+.28

32.2+.64

Coldexposure

0。3hr

10

310

3682

84+2.2

0.2+.03

<0.05

1.8+.11

0.6+.06

26.2+.42

6.4+.46

3.0+.15

29.5+.35

<0.05

30.0+.76

<0.05

2.4+.12

31.2+.59

0。24hr

7

290

2600

83+2.1

0.1+.03

1.7+.16

0.6+.07

27.9+.99

7.5±.40

3.2+.16

30.6+.83

26.5+.94

1.9+.15

33.0+1.08

5。1w

8

250

1984

74+2.4

<0.001

0.2±.06

1.8+.09

0.5+.04

27.2+.68

6.4+.35

3.7+.27

31.9+.57

26.7+.66

1.6±.11

32.9+.78

5。4w

8

295

1251

64+4.2

<0.001

0.2+.04

2.0+.23

0.5±.05・

23.9±1.13

<0.02

6.5±.76

3.9+.34

30.8+1.53

29.3+'1.73

3.0+.31

30.0±1.47

Mean±S.E.
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oleicandlinoleicacidswererestoredtotherespectivecontrol

weekinthecold.

783

levelsafter1

6.EffectofstaγvationonthefattyacidcomPosition.Maleratswerestarved

for5dayswithfreeaccesstowater.Afterthisperiodofstarvationthe

bodyweightdecreased15percent,theweightofi皿terscapularbrownadipose

tissue25percentandthatofepididymalfatpads36percent.Thepercen-

tagesoftotallipidsofbothadiposetissueswerenotalteredbythistreatment.

TherelativeproportionoffattyacidsisshowninTA肌E6.Adecrease

TABLE6.

Effectofstarvation(for5days)onthefattyacidcomposition

ofadiposetissuesinthemalerat.

No.ofrats

Bodyweight,g

Tissueweight,mg

Fat,%

C12:0

C14:0

P

C14:1

C16:0

P∫
ロク

C16:1.

C18:0..

P

C18:1

,C18:2

P

C18:3

P

Total
saturated

P

Brownfat

control

10

300

266

48±2.6

0.2±.02

3.4±.17

0.4+04

29.2+64

5.9+.38

7.9+.35

31.5+.71

19.9+1.53

1.6+.18

40.7±1.10

fasted

6

255

189

55+2.7

0.2+.02

2.2+.09

く0.001

0.5+.09

22.8+1.13

<0.001

4.5±.58

12.0±.70

く0.001

33.9±1.19

22.4+1.99

1.7+.32

、 　

37.2±1.14

<0.05

Whitefat

control

10

300

3632

86+.7

0.1+03

1.8+11

0.6±05

27.0+58

6.5±.43

3.3+.24

31.6+73

27.0+79

2.2+.28

32.2+'.64

fasted

6

255

2308

88+1.5

0.1+03

1.7±12

0.6+.07

19.6+.69

<0.001

6.1+.42

5.6+.37

<0.001

32.8+.78

30.0±.68

く0.05・

3.5+.21

<0.01

27.0+.58

<0.001

Mean+S.E.

、
ofpalmiticacidwasthemoststrikingchangeandanincreaseinstearic

acidwasalsofoundinbothadiposetissues・Adecreaseofmyristicacid

wasobservedonlyinbrownfat,whiletherewasanincreaseoflinoleicand

linolenicacidsinwhitefat.Inbothadiposetissuestotalsaturatedfatty
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acidsdecreasedsignificantly,

fat.

butthechangewasmorepronouncedinwhite

DISCUSSION

Thefattyacidcompositionofbrownfatwasdifferenttosomeextent

fromthatofwhitefat.Inmaleratstheproportionsofsaturatedmyristic,

palmiticandstearicacidswerehigherandthatofunsaturatedlinoleic

acidlessinthebrownfatthaninthewhitefat.Infemaleratssaturated

myristicandstearicacidswerehigherandunsaturatedpalmitoleicandoleic

acidswerelessinthebrownfat(TABLE1).AlthoughCHALvARDJIAN6)re-

portedahigherproportionoflinoleicacidinratbrownfat,ourresultof

thisacidinma豆eratswasatasimilarlevelfoundinmousebrownfatby

others8・9).Theproportionofindividualfattyacidsmaydifferentfromspe-

ciestospecies,thedifferencebeing,at1eastinpart,dependentondietand

metabolicstatusofanimals.・ ・

Sexdifferencesinthefattyacidcompositionofhumandepotfathave

beenfoundbyanumberofinvestigators14-17).1ゼwasshownthatstearic

acidwashigherandoleicacidlessinmalesthaninfemales.Myristicand

palmiticacidsalsoappearedtobehigherinmales.Resultsobtainedinthe

presentstudywithratwhitefatweresimilartothepatternsinhumandepot

fat,i.e.,palmiticandmyristicacidswerehigherandoleicacidwaslessin

maleratsthaninfemaleones.Thesexdifferencesweremorepronounced

inbrownfat.Ourresultswereinaccordwiththose・reportedbyWELLset

aL11),whoanalyzedbrownfatofthebat.Theonlydisagreementbetween

WELLs'resultsandourswasintheproportionofoleicacid.Theformer

authorsshowedahighervalueofoleicacidinmales,whilewefailedtofind

asignificantdifferenceinthisacidbetweensexes.

Theeffectofsexhormonesonbrownfathasreceivedlittlestudy.In

thepresentexperimentsitwasclearlydemonstratedthatthedifferencesin

thefattyacidcompositionofadiposetissueshadcompletelydisapPeared2

weeksaftergonadectomy(FIG.1).Surgicalremovalofthegonadscaused

significantincreasesinpalmiticandpalmitoleicacidsandadecreaseinlino-

leicacidinfemalebrownfat;inversechangesoccutredinmalebrownfat.

Stearicacidincreasedandoleicaciddecreasedtothesamelevelsinboth

sexesaftergonadeGtomy.TheresuItssuggestthatbothandrogenandestro・

genarerelatedtothedifferencesfoundinnormalrats.

Itisgenerallyacceptedthatthelipidstoresareanimportantsourceof

energyforthermoregulatoryheatproductioninanimalsexposedtocold.

Oneaspectoflipidmetabolismincold・exposedanimalsisdesaturationof

depotfat.AccordingtoFAwcETTandLYMAN18),whitefatfromhamsters

keptat23。Chadaniodinevaluesignificantlylowerthananimalskeptat
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5。C.KoDAMAandPAcE19・20)alsofoundagreaterunsaturationinwhitefat

ofcold-exposedhamsters.SimilarresultswerepresentedbyYouNGand

CooK21),MEFFERDetal.22)andWILLIAMsandPLATNER7)intheratiwhile

FAwcETTandLYMAN18)showednosignificantchangeinsaturationofdepot

fatofratsexposedtocold.Inthepresentstudycoldexposureofratsfor

4weeksinducedrathersmallchangesintherelativeproportionoftheindi-

vidualfattyacidsofwhitefat.Theonlyacidtoshowasignificantdecrease

%

40

30

Ψ

,moη0・unsaturated

oy・unsaturoted

20
0'23

weeks
FIG.4.Effectofcoldexposureontheproportionof

andpoly・unsaturatedfattyacidsinwhitefatofmalerats.

4

saturated,mono・

waspalmiticacid.However,asillustratedinFIG.4,aconsiderableincre-

mentintherelativeq;uantitiesofpoly-unsaturatedfattyacidswasobserved,

indicatinganincreaseinthedegree。funsaturati・n・fthewhitefatafter

exposuretocold.

Astothefattyacidcompositionofbrownfat,WILLIAMsandPLATNER7>

wereunabletofindasignificantincreaseofunsaturationinratsexposedto

cold.WELLsetaL11)alsofailedtoshowincreased16velofunsaturationin

th6hibernatingbatascomparedtoanon-hibernatinggroup.However,

PAuLsRuDandDRYER12)reportedcircum-annualrhythmicpatternsofchanges

inthefattyacidsofbatbrownfat.Oleicacidlevelswerelowerduringthe・

summermonthsandhigherinthewintermonths,whilelevelsofpalmitic

andlinoleicacidsreachedmaximalvaluesinmidsummerandfellsigni丘cantly

duringthewinter.Thedisagreementbetweenthesetworeportsonbat

brownfatmightbeascribedtothetimeofobservationsatselectedpoints.

madebyWELLseta1.AlthoughWlmAMsandPLATNER7)reportedlittle

changeinthefatty3cidsofbrownfatinratsexposedtocold,theirexperi・

mentsweremadeonlyafter8togweeksinthecold.Itisquitepossible

』
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thattherewerechangesincompositionduringtheearlyphasesofcold

exposure,sincefatcontentofbrownfatdecreasessharplyduringtheinitial

stagesinthecold.AsalreadyshowninTA肌E4,markedchangesapPeared

intherelativeproportionofindividualfattyacidsafter24hoursinthecold

atO。Cwhenthelipidcontentofthetissuedecreasedtotheminimumlevel

ofonly16%ofwettissue.Duringthisperiodofcoldexposure,percentage

oftotalsaturatedfattyacidsdecreasedfrom40。796to36.0%(P<0.01),but

thepercentagetendedtoreturntowardthecontrollevelthereafter,whenthe

animalswerekeptat5。Cfor4weeks(FIG.5).Totalmono-unsaturatedfatty

,、

ρ

「

、

噂

%

40

30

の ・unsoturated.

20

0'234

weeks

F1G.5.Effectofcoldexposureontheproportionofsaturated,mono・and

poly.unsaturatedfattyacidsinbrownfatofmalerats.

◎

L

鶏

A

acidsalsodecreasedsharplyduringthefirst24hoursinthecoldatO。Cand

remainedatalowlevelbytheendofthisexperiment,althoughratswere

housedat5。C.Onthecontrary,di-andtri-unsaturatedfattyacidsincreased

rapidlyandremainedatanelevatedlevel(FIG.5).Theresultsindicatea

markedincreaseintherelativeunsaturationofbrownfatintheearlyphases

ofcoldexposure.Itmightbepossiblethatafterprolongedexposureto

coldthedegreeofsaturationreturnstonearlycontrollevels,asreportedby

WILLIAMsandPLATNER?),sincethechangesobservedafter4weeksappeared

tobesomewhatlessthanthoseafterlweek.

WhentheproportionofC-16fattyacidswascomparedwiththatofC-18

fattyacids,aninverserelationwasobservedduringcoldexposure.The

formeracidsdecreasedrapidlyandthethelatterincreased,asinustrated

inFIG.6.ThisfactmaysuggestthatC-16fattyacidsaremobilizedat

afasterratethanC-18fattyacidsandthatC-18fattyacidsarepreferen一一
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FIG.6.

exposure・

0,23

weeks
ChangesinC-16andC48fattyacidsin

4

brovレnfatduringcold

tiallyutilizedforreesterificationinthetissue.Furtherinvestigationsare,

however,neededtoascertainthispossibility.

Duringstarvationstoredfatwillbethemainenergysourceandthere

iSareductionintheweightofadiposetissue.AccordingtoCHARvARDJIAN6),

starvationcausedarelativedecreaseofpal血iticacidand,toalessextenち

of三palmitoleicacid,andan三ncreaseinoleicandlinoleicacids・Healsofound

a三decreaseinmyristicacidinbrownfatandanincreaseinstearicacidin

whitefatoftherat.Ourresults(TABLE6)werenotmuchdifferentfrom

Ψ
、%

・35

30

25

20

0,55days
57フ 亀チ守VATto～REFEEDL～6

F至G.7.Changesintheprinc量palfattyacids

duringstarvationandrefeediP9・

inwhitefat
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FIG.8.Changesintheprincipalfattyacidslinbrownfat

duringstarvationandrefeeding.
,

,

喧

theabovefindingbyCHARvARDJIAN,althoughpalmitoleicandoleicacidswere

notsignificantlyalteredby5daysofstarvationinourstudy.Timecourse

patternsofchangesintheprincipalfattyacidsareshowninFIG.7for

whitefatandinFIG.8forbrownfat.Amarkeddecreaseinpalmiticacid

inbothadiposeresultedfromstarvationandthefattyacidreturnedtoward

thecontrollevelafter5daysofrefeeding.Thus,inthepresentstudymo-

bilizationoflipidsfrombrownfatwasshownnotonlyinresponsetocold ノ
butduringstarvation,thisfactbeingdifferentfromthealreadymentioned

conceptofHEIMandKELLERMAyER5).

4

)

亀

.

、《

し

SUMMARY

Fattyacidcompositionofbrown,aswellaswhite,fatoftheratwas

analyzed.Oleic,1inoleicandpalmiticacidsaccountedformorethan80per・

centofthetotalfattyacidsinbrownfat.'Theproportionoflinoleicacid

wasmarkedlyhigherandthatofpalmiticacidconsiderablylessinthebrown

fatoffemaleratsthaninthatofmalerats.Althoughdifferenceswere

sma11,palmitoleic,myristicandlauricacidswerelessinfemalebrownfat.

躍 辮 繋e譜ε「蠣e灘 麗盤 智儲 灘1豊s諜
adiposetissues.Thesexdifferencesobservedinnorma1ratsdisappeared2

weeksaftergonadectomy.

Inbrownfatofratsexposedtocold,01eicaciddecreasedprogressively,
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whilelinoleicacidandto,alessextent,stearicacidincreased.Thepropor-

tionofpalmiticacidwasreduced24hoursandlweekafterthecoldand

palmitoleicacidprogressivelyinthecold。Thepercentageoftotalsatu。

ratedfattyacidsdecreased24hoursafterthecold,buttendedtoincrease

thereafter.

Changesinthefattyacidcompositionofwhitefatofratsexposedto

coldweresmall.Theonlyacidtoshowasigni負cantdecreasewaspalmitic

acid.

Starvationfor5daysinducedarelativedecreaseofpalmiticacidand

anincreaseinstearicac互dinbothbrownandwhiteadiposetissues.Ade-

creaseinmyristicacidwasobservedonlyinbrownfatandtherewasan

increaseinlinoleicandlinolenicacidsinwhitefat.Inbothadiposetissues

totalsaturatedfattyacidsdecreasedsignificantly,butthechangeswere

morepronouncedinwhitefat。
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