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Abstract1)Wistarratsweresuccessivelyrearedincoldat5。Cfrom

1969to1984.Thehistoricalchangesobservedintheseratswerere-

ported.2)Thecold-adaptedratsrearedincoldfor8tollsuccessive

generations(C8-11G)wereexaminedontheircoldtoleranceandnon-

shiveringthermogenesis.C8-11Gratsshowedgreaternonshivering

thermogenesisthanthatofthewarm-adaptedcontrolgroup(W),and

ratsexposedtocoldfbrperiodsof2to8weeks(C).Thenonshivering

thermogenesisofC8-11Gratswasdiminishedtoasimilarleveltothat

ofWandCratsbyad皿inistrationofaganglionblocker,ofreserpine,

orofβ 一adrenoceptorblocker.3)Thede-adaptedratsrearedinwarm

at25。Cfbr3generationsafterbeingrearedfbrmanygenerationsin

cold(DA-3G)showedmuchmorenonshiveringthermogenesisascom-

paredtoWrats.ColdtoleranceofDA-3Gratswasatalevelofinter-

mediatebetweenthatofWandCrats.4)Brownadiposetissue(BAT)

weightofDA-3GratswassimilartothatofCrats,whilechemical

compositionofBATinDA-3GratsdifferedfromthatofCandWrats.

Kのwo7ゐ:cold-adaptation,manygenerationsincold,de-adaptation,

nonshiveringthermogenesis,coldtolerance.

Agreatdealofinformationonthemechanismsofpotentcoldadaptabilityof

homeothermshasbeenobtainedandextensivelyreviewed(CHAFFEEandRoBERTs,

1971).Whenhomeothermsareexposedtochronicvariationsofanambienttem-

perature,theydevelopadaptivemodificationsofalreadyexistingregulatorypro-

cesses.且owever,mostexperimentshavebeenperfbrmedfbronlylgenerationof

theanimals,1astingseveralhours,days,orweeks.Weareinterestedinwhether

physiologicaladaptationoftheanimalstochangeinlivingenvironmentcould

induceanygeneticchangeswhenenvironmentalstressisexperiencedcontinuously

formanygenerations.Toinvestigatethisproblem,wehaverearedratsincold
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at50Cfbrmanygenerationssince1969,andexaminedtheircQldadaptabilityat

intervalsinthecourseofthisperiodfromtheviewpointofmetabolicmodi且ca-

tions.Moreover,coldtoleranceaswellasmetaboliccapacitywerestudiedinthe

ratstransferredtowarmenvironmentof250Cfor3generationsafterhavingbeen

rearedat50Cfbrmanygenerations.

MATERIALSANDMETHODS

1)Preparation()ftheanimals.Wistarbrotherandsisterratsabout2months

ofagewereexposedtoacoldtemperatureof50Cfbr4weeks,inMay,1969,and

thereaftermated(COG).Pregnantfemaleratsweretransferredtoawarmtem-

peratureof24土1。Cafewdayspriortodeliveryinordertoincreasethesurvival

possibilitiesoftheexpectednewbornrats.Motherandneonateratswereagain

returnedtothecoldtemperature6weeksafterdeliveryandthecoldexposurewas

continued.Thesenewbornratsarereferredtoas``thefirstgenerationinthecold"

(ClG).FromClGtotheI5thgenerationinthecold(C15G),theratswere

rearedandmatedbetweenbrotherandsisterintheabovelnanner,buttheperiod

ofbeingrearedatawarmtemperatureafterbirthwasshortenedto2weeksin-

steadof6weeks.AsthefemaleratsofC15Gcouldnotbefertilizedwhenthey

werematedwiththeirbrothers,皿aleratsderivedfromanotherWistargroupwhich

had'beenrearedincoldof5。Cfor4weekswereusedtomatewiththeC15G

females.ThenewbornsthusobtainedwereusedastheparentsfbrfUrtherbrother-

sistersu'bmating,andarereferredtoastheparentgenerationofanotherseries

inthecold(C'OG).Fromthefirstgeneration(C'1G)tothe7thgeneration

(C'7G),theperiodofexposuretowarmthafterthebirthwasshortenedtolweek.

C'7Gpregnantfemaleratswerenottransferredtowarmtemperaturespriortoor

aftergivingbirth,andthebirthandbreedingoftheirnewbornratsproceeded

normally.However,thenumberofnewbornratsofthe8thgeneration(C'8G)

whichreachedmaturityamountedtoonly120utof86(20utof131iters).The

survivalpercentageofnewbornratsofthegthand10thgeneration(C'9Gand

C'10G)wassimilarlysmall.Becauseofreducednumberofthepregnantfemale

ratsofC'10G,theywereagaintransfbrredtowarmthafewdayspriortobirth.

Thellthgenerationrats(C'11G)weretransferredtocold3weeksafterbirthto-

getherwiththeirmothersandC'11Gpregnantfemaleratswereabletobearand
'b
reedtheiroffspringinthecold.Betweenthe12thandthe16thgenerationrats

(C'12GandC'16G),thesurvivalrateofneonateratsamountedtoalmost90%,

andmanyoffspringofC,16Gwerebornandbredinthecold.

SomeoftheC'12Gbrotherandsisterratsweretransferredtoatemperature

of250Candmated4weekslaterinOctober,1982(DA-1G).Theiroffspring

werebredinwarmthasthesecondgenerationofde-adaptedrats(DA-2G),andthe

de-adaptedratsraisedinwarmthfbr3successivegenerations(DA-3G)wereused

toexaminecoldadaptability.
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COLDADAPTABIHTYINRATSOVERMANYGENERATIONS 425

2)Experiments.Maleandfemaleratsaged2to3monthsandDA-1Grats

aged6monthswereused.Coldadapta'bilityoftheratswasassessedbythefbl-

10wingParameters:

(1)Changesinthecolonicandinterscapularbrownadiposetissue(BAT)

temperaturesincurarizedratsundercoldexposure:Theratswereinjectedwith

curare(360μ9/rat)inthejugularveininanexperimentalroomof26士10Cunder

lightetheranesthesia.Thirtyminutesafterthefirstcurarization,additionalcurare

(180μg/rat)wasadministeredi.v.justafterexposuretocoldat4。C.Thecurarized

ratswereputundertherespiratorthroughouttheexperiment.Coldexposureof

curarizedratswascontinuedfor60min,beingadministeredi.Y.withasecond

additionaldose(180μ9/rat)30minafterthestartofcoldexposure.Following

coldexposure,curarizedratsweretakentowarmthof26士10Cfor30min.Colonic

temperatures(Tc)weremeasuredwithavinyl-sheathedthermistertipinserted

about5cmintotherectumandBATtemperature(TBAT)withaneedlethermister

tipinsertedundertheinterscapularBATevery15minfor120min.

Inordertoassesstheroleofsympatheticnervoussystem,aganglionblocker,

hexamethoniumbromide(75mg/kgbodyweight)wasinjectedintotheotherjugular

veinjustbeforecoldexposure.Thirtyminutesaftercoldexposure,additional

hexamethonium(36mg/kg)wasinjectedintotheanimals.

Reserpine(2.5mg/kgbodyweight)wasadministereds.c.18-20hrpriortothe

experimentinordertoseetheeffectofdepletionofnorepinephrine(NE).

Inordertoknowtheeffectofhibernectomy,interscapularBATwasremoved

surgicallyjustbefbretheexperiment.

Propranololhydrochloridewasinjectedintothejugularveinwithdosesof

O.75(0.5andO.25)or1.5(1.OandO.5)mg/kgbodyweightatthetimeofthefirst

andsecondcurarizationtoassesstheeffectofβ 一adrenoceptorblockade.

(2)ChangesinTcofunanesthetizedratsunderseverecoldexposure:Tc

ofC8G,C2Wratsexposedtocoldfor2weeks,andWfedmalerats(250-4009)

wasmeasuredevery20minduringexposureto-20。Cfbr100min.After18hr

offasting,maleW,C5W(ratsexposedtocoldfor5weeks)andDA-3Grats

(151-388g)wereexposedto-5℃for120min,andTcwasmeasuredevery30min.

(3)NE-inducedheatproduction:Increaseinheatproductioninducedby

l-NEadministration(40μg/100gbodyweight,i.p.)wasassessedbymeasuring
　 　

02consumption(レ 「o,)andCO20utputofunanesthetizedratsmanopensystem

atanair且owrateof500ml/minwithagasmonitor(1H21S,NEC-San-ei,Tokyo)

at25。C.

Changesin1℃inducedbyNEinfusionatarateof2pag/minfor30minwere

alsomeasuredintheratanesthetizedwithhexobarbital(20mg/100gbodyweight,

i.P.).

(4)BATweightanditscomposition:Fat,fat-freedrymatter,andwater

contentoftheinterscapularBATweremeasuredbythemodifiedmethodof

FoLcHeta1.(1951).Fattyacidcompositionofthisfatextractwasmeasuredusing

Voi.35,No.3,1985
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Table1.Infiuenceofcoldexposureoncolonictemperatures(。C)ofcurarizedwarm-adapted,

2weekand2monthcold-exposedandcold-adaptedrats(rearedat50Cforggenerations).

No.ofBody
ratsweight

(9)

270C 4。C 270C

Omin 30min Omin 30min 60min Omin 30min

Femalerats

W

C2W

Pvs.W

C2M

Pvs.W

CgG

Pvs.W

Pvs.C2W

Pvs.C2M

く
ゾ

5

5

5

230

245

225

265

35.191i=0.61-一 一1.39=LO.33

35.64=とO.43十 〇.68士0.39

NS<0.05

36.85土0.31--O.37士0.48

<0.05NS

35.84±0.16-O.17=tO.19

NS<0.02

NSNS

<0.02NS

33.73±0.56--4.58±0.09--8.93=LO.42

36.34±0.41-3.60士0.43--6.74±0.76

<0.OlNS<0.05

36.42土0.45-3.99±0.34-7.30土0.46

<0.01NS<0.05

35.73±0.21-2.22±0.39-4.25±0.48

<0.02<0.001<0.001

NS<0.05<0.05

NS<0.01<0.01

(OC)

24.74±0.87十 〇.50士0.13

29.45=』0.96十1.89=LO.38

<0.01<0.01

29.29±0.91十1.68=ヒ0.27

<0.01<0.01

31.44±0.42十2.72土0.31

<0.001<0.001

NSNS

NS<0.05

Malerats

W

C2W

Pvs.W

C2M

Pvs.W

CgG

Pvs.W

Pvs.C2W

Pvs.C2M

4

5

1

ξ」

4
・

330

290

315

380

35.29±0.30-O.52士0.r8

36.39士0.39十 〇.06士0.36

NSNS

36.91=1=0.27-O.67±0.45

NSNS

35.95土0.36-o.10=」=0.36

NSNS

NSNS

NSNS

34.75=LO.31-3.84士0.19

36.48±0.31-2.73±0.23

<0.05<0.01

36.24±0.51-2.65±0.58

NS<0.02

35.85ニ ヒ0.61-1.84士0.22

NS<0.001

NSNS

NSNS

一7 .40士0.33

-5 .55±0.45

<0.001

-4
.50±0.82

<0.001

-3 .28±0.40

<0.001

<0.01

NS

(OC)

27.51」=0.60十 〇.59±0.14

30.85士0.48十1.13±0.41

<0.OlNS

31.71土1.33十1.68土0.18

<0.01<0.001

32.55±0.52十1.59」=0.21

<0.001<0.01

<0.05NS

NSNS

Mean」=S.E.NS,notsigni丘cant;W,warm-adaptedcontrolrats;C2WandC2M,2weekand2monthcold・exposedrats;CgG,

cold-adaptedratsrearedforninesuccessivegenerations.
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Fig.1.Changesincolonictemperature(Tc)ofcurarizedfemaleratsduringandafter

exposureto4。C.C9G,cold-adaptedratsrearedat40Cforgsuccessivegenerations;

C2M,cold-exposedratsfor2months;C2W,cold-exposedratsfor2weeks;W,warm・

adaptedcontrolrats.VerticallinerepresentsS.E.

gaschromatographyunderthesameconditionsasourpreviousstudy(MoRIYA
andIToH,1969).ProteincontentwasmeasuredbythemethodofLowRYetal.

(1951).
(5)Bodyandtaillengths:Underanesthesiawithether,'bodylengthbe-
tweenthenosalheadandthetipoftailandtaillengthbetweenthebaseandthe

tipoftailweremeasuredinthepronerats.
DrugsusedintheexperimentswereNE(SankyoPharm.Co.),curare

(YoshitomiPharm.Co.),hexamethoniumbromide(YamanouchiPharm.Co.)
propranololhydrochloride(SumitomoChem.IndustriesCo.),reserpine(Sigma),
andhexobarbital(TeikokuChem.Co.).

RESULTS

1)Coldloleranceandnonshlverlngther〃zogenesis加col4-adaptedアatsノ ～π8toll

successivegeneration(C8-11G)

(1)Changes加Tc,andTBATino脚rizedratseausedゐ アeoldexposure.

Changesin1「band7BATincurarizedmale(250-400g)andfemale(180-280g)

ratsexposedtocoldat40CareshowninTablelandillustratedinFigs.1and2

Vol.35.No.3,1985
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Fig.2.Changesininterscapularbrownadiposetissuetemperature(TBAT)ofcurarized

femaleratsduringandafterexposureto4。C.AbbreviationsasshowninFig.1.
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Fig.3.Changesincolonictemperatureofcurarized,hexamethonium-treatedfemalerats

duringandafterexposureto4。C.C9-11G,cold-adaptedratsrearedat5。Cfor9-11

successivegenerations.OtherabbreviationsasshowninFig.1.
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Fig.4.Changesininterscapularbrownadiposetissuetemperature(TBAT)ofcurarized,

hexamethonium-treatedfemaleratsduringandafterexposureto40C.Abbreviations

asshowninFigs.1and3.

(
o
.)

。
ト

⊆
岬
o
Φ
℃o
焉

6

O

一2

一4

一6

一8

一10

0 15 30

、

①C2W

●C9-10G

45

、、1φ

、鉢 一γ/

60 75 90(min)

一

Fig,5.Changesincolonictemperature(Tc)ofcurarizedreserpine-treatedfemalerats

duringandafterexposureto4℃.C9-10G,cold-adaptedratsrearedat5◎Cfor9to10

generations.AbbreviationsasshowninFig、1。
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Fig.6.Changesininterscapularbrownadiposetissuetemperature(TBAT)ofcurarized,res-

erpine-treatedfemaleratsduringandafterexposureto4。C.Abbreviationsasshown

inFigs.1and5.

0

一一2

4幽

6一

8一

(
O
。
)

O
」
`
⊂
一
〇
Φ
bρ
⊂
G5
£
O

一10

0 15 30 45 60 75 90(mln)

一

Fig.7.Changesincolonictemperature(Tc)ofcurarized,hibernectomizedfemaleratsduring

andafterexposureto4◎C.AbbreviationsasshowninFigs.1and5.
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Table2.Effectofpropranololontheloweringofcolonictemperatures(oC)incurarizedwarm-adapted,
2weekcold-exposedandcold-adaptedfemalerats(rearedat50Cfbr9-11generations).

No.ofBody
ratsweight .

(9)

40C 250C

Omin 30min 60min Omin 30min

Warm-adaptedrats

I

II

III

Control

propranolol1.5mg/kg

Pvs.I
PropranololO.75mg/kg

Pvs.1

5

4
・

〆
0

23033.73±0.56

24034.88±0.21

NS

23035.51±0.50

NS

一4 .68士0.19

--4 .75±0.17

NS

-4 .60士0.35

NS

(。C)

-8 .93=』0.4224.74±0.87十 〇.50±0.13

-一一8 .98土0.1725.78土0.31-O.35=と0.30

NSNSNS

--8 .87±0.5226.52±1.03--o.20±0.31

NSNSNS

Twoweekcold-exposedrats

IV

V

VI

Control

Propranolol1.5mg/kg
Pvs.IV

Pvs.II
propranololO.75mg/kg

Pvs.IV

Pvs.III

5

4
.

5

5

0

4

4

2

2

230

36.34土0.41

35.08」=0.59

NS

NS

36.64」=0.22

NS

NS

一3 .60土0.43

-4 .25土0.23

NS

NS

-4 .34=』0.25

NS

NS

(。C)

-6
.74土0.7629.45土0.96十1.89±0.38

-8 .16士0.2526.70士0.79--O.95土0.13

NSNS<0.001

<0.05NSNS

--8 .22=」=0.4728.36土0.53十 〇.09二LO.67

NSNS<0.05

NSNSNS

Cold-adaptedratsfor9-11generations

VIIControl
VIIIpropranolol1.5mg/kg

Pvs.VII

Pvs.II
IXpropranolo10.75mg/kg

Pvs.VII
Pvs.III

く
ゾ

リ
」

5

く
ゾ

0

10

1
0

∩∠

内∠

230

35.73=』0.21

35.78=』0.06

NS

<0.02

37.39土0.32

<0.01

<0.02

一2 .22士0.39

-4 .65土0.20

NS

NS

--3 .49±0.26

<0.05

<0.05

一4 .25±0.48

-7 .95=L二 〇.35

<0.01

<0.05

--6 .30土0.42

<0.02

<0.01

31.44土0.42

27.73±0.41

<0.01

NS

31.08土0.63

NS

<0.01

(OC)

十2.72土0.31

十 〇.02±0.51

<0.01

NS

十1.27±0.38

<0.02

<0.02

LegendssameasinTable1.
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Fig.8.Changesincolonictemperature(Tc)ofcurarized,propranolol-administered(1.5

mg/kgbodyweight)femaleratsduringandafterexposureto4。c.Abbreviationsas

showninFigs.1and3.

forfemales.Thedecreasein1℃wasthegreatestinwarm-adaptedcontrolrats

(W))TablelandFig・1).ThegreatestdecreaseinTBATwasalsoobservedinW

rats(Fig.2).Thedecreasein1℃andTBATwasleastinCgG,andthedecreases

incoId-exposedratsfor2weeks(C2W)and2monthS(C2M)wereintermediate

betweenCgGandWrats.TherecoveryofTcandTBATinwarmthafterexpo-

suretocoldisalsoshowninTablelandFigs.1and2.Therecoverywassmallest

inW,andgreatestinCgG,andtheseinbothC2WandC2Mwereintermediate

betweenWandCgG.Theresultsofmaleratswereessentiallysimilartothose

offemaleratsasdescribedabove(Table1).

Thecurarized,hexamethonium-injectedfemaleW,C2W,andC9-11Grats

wereexposedtocold,and1℃andTBATweremeasured(Figs.3and4).Thede-

creasesin1「bandTBATafterhexamethoniuminjectionweregreaterascompared

tothedecreasesinTcandTBATinthecurarizedratsasshowninFigs.1and2.

1{examethoniumresultedinnodifferenceinthetemperaturesbetweenC9-11G

andWratswhentheywereexposedtocoldfbr60min.Recoveryofthedecreased

temperaturesinawarmroomwasalsosmallerinthecurarized,hexamethonium-

treatedratsascomparedwiththatinthecurarizedratsasshowninFigs.1and2.

TcandTBATinW,C2W,andC9-10Gratswheninjectedwithcurareand

reserpineandexposedtocolddecreasedmore(Figs.5and6)than1℃andTBATof

JapaneseJo〃rnalof・Phアsiology
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Fig.9.Changesincolonictemperature(Tc)ofmaleratsexposedto--20℃.C8G,cold-

adaptedratsrearedat5。Cfor8successivegenerations.Abbreviation,sasshownin

Fig.1.

curarized,butnotreserpinizedCgGrats(Figs.1and2).Thedecreasesinthe

respectivetemperaturesdidnotdifferamongC9-10G,C2W,andWratswhen

administeredwithcurareandreserpine.Afterreserpinization,recoveryofthe

temperaturesinawarmroombecamesimilarlydelayedinallgroups.

Tcofcurarized,hibernectomizedratsdecreasedmoreinWthaninC9-10G

orC2Wundercoldexposure(Fig.7).Thein血uenceofhibernectomyapPeared

mostmarkedlyinC9-10G.ThedecreaseinthehibernectomizedC9-10Grats

after60minofcoldexposurewassigni且cantlygreater(p<0.05)thanthatofthe

controlnon-treatedCgGrats(Fig.1).Onthecontrary,theinfluenceofhiber-

nectomyinthedecreaseofTcwasnotsignificantinWandC2Wrats.

DecreasesintheTcandTBATofcurarized,propranolol-administeredW,

C2W,andC9-11GratsareshownduringandaftercoldexposureinTable2and

Fig.8.Theeffectofpropranolol(0.750r1.5mg/kgbodyweight)onthedecrease

inTcwasnotobservedinWrats,whileinC2WandC9-11GratsTcfallwasen-

hancedbypropranololadministration.ThedecreaseinTcduringandaftercold

exposuredidnotsigni且cantlydi丘bramongW,C2W,andC9-11Gratswhichwere

curarizedandadministeredwithpropranolol(1.5mg/kg).

(2)ChangesinTcofunanesthetizedratsundercoldexposure.Asshown

inFig.9,1℃didnotdecreaseinC2WandC8Grats,whileinWratsTcdecreased

significantlywithin40min(-0.84±0.23。C,mean土S.E.)andremainedatalmost

thesamelowlevelduringcoldexposurefor100minthereafter.

2)Coldtoleraneeandnonshiveringther〃zogenesisinde-adaρtedratsrearedat

250Cノ わr3succe∬ivegeneralionsafterbeingrearedat5。C/eor〃zanアgenerations・

(1)A-3σ)
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of40μg/100gbodyweight,i.p.AbbreviationsasshowninFig.10.
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Table3.In且uenceofcoldexposureoncolonictemperatures(。C)offasted,

warm-adapted,5weekcold-exposed,andcold-deadaptedmalerats.

Exposureto-5。C

Groups

Omin 30min 60min 120min

Warm-adaptedrats(W)

(6)3009 37.5土0.19-0.12=i=0.15--O.57」=0.22-0.97=』0.22

Fiveweekcold-exposedrats(C5W)

(9)293938.0±0.18十 〇.83土0.12十 〇.73=ヒ0.18十 〇.66土0.15

Pvs.WNS<0.001<0.001<0.001

Cold-deadaptedrats(DA-3G)

(11)348937.9±0.10

Pvs.WNS

Pvs.C5WNS

十 〇.36=』0.11十 〇.24土0.12十 〇.06土0。13

<0.05<0.01<0.001

<0.02<0.05<0.001

Numbersinparenthesesrepresentnumberofrats.C5W,5weekcold-exposedrats;

DA-3G,de-adaptedratsinwarmenvironmentsfbr3generationsaftermanygenerations

ofrearingincold.LegendssameasinTable1.

　
(1)(=ソ2angesinheat1フroductioninducedゐ アNEin1)ノ1-3Grats.V,),and

CO20utputintheratsirり ●ectedwithphysiologicalsalinedidnotdifferbetween　
DA-3GandWrats(267-3599).TheincreaseinVo,inducedbyNEinJ'ectionwas

signi且cantlygreaterinDA-3GratsthaninWratsat10(p<0.01),20(p<0.001),

30(P<0.02),and40(P<0.02)minafterinjection(Fig.10).Theincreasein

CO20utputinducedbyNEwasalsosigni且cantlygreaterinDA-3GthaninW

ratsatlo(p<Q.01),20(p<o.oo1),30(p<o.01),and40(p<o.01)minafterNE

Vol.35No.3,1985
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Table4.Brownadiposetissue(BAT)weightinwarm-adapted,

5weekcold-exposed,andcold-deadaptedrats.

Groups

Body
weight
(9)

Interscapular
BAT
(mg/100g
bodyweight)

Cervical
BAT
(mg1100g
bodyweight)

Warm-adaptedmale
rats(W)(6) 300± 、12 40.0±5.86 10.1±0.67

C5Wmalerats(9)
Pvs.W

293=』3 111.4士5.48

<0.001

21.8=」=1.25

<0.001

DA-3Gmalerats(11)

Pvs.W
Pvs.C5W

348士5 98.4±8.40

<0.001

NS

21.5±1.07

<0.001

NS

LegendssameasinTablesland3.

Table5. Drymatter,fat,andwatercontentofinterscapularbrown
adiposetissue(BAT).

InterscapularBAT(%)
Groups

Drymatter Fat Water

Warm-adaptedmale
rats(W)(5) 14.1士1.45 43.4=ヒ4.26 42.4=」=3.65

C5Wmalerats(9)
Pvs.W

20.4±1.19

<0.01

26.2=』3.79

<0.02

53.4=七3.54

NS

DA-3Gmalerats(11)
Pvs.W

Pvs.C5W

8.5±0.44

<0.001

<0.001

54.2=』1.81

<0.02

<0.001

37.3=と1.64

NS

<0.001

LegendssameasinTablesland3.

inj●ection(Fig.11).

Thoughchangesin7℃aftersalineinfusiondidnotdifferbetweenDA-3Gand

Wgroups(280-383g),NEinfusionatarateof2μg/minfbr30minresultedina

signi丘cantlygreaterriseinTc(P<0.05)inDA-3GthaninWrats(Fig.12).

(2)ChangesinTcofunanestketized,fasted1)・4-3Gratscausedゐ アcoldex-

posure.Thechangein1℃after120minofcoldexposurewas-0.97士0.22。C

(mean±S.E.)inW,十 〇.06士0.130CinDA-3G,and十 〇.66±0.15。CinC5Wgroup

(Table3).ThechangeinDA-3GwasintermediatebetweenWandC5Wrats,

anditsignificantlydifferedfromthechangesinWandCsWgroups.

3)BATweightsanaitschemicalcomρositions

BATweightsofDA-3GratsweresignificantlyheavierthanthoseofWrats

andwerealmostsimilartothoseofC5Wrats(Table4).However,tissuecolor

ofBATinDA-3GratslookedmorewhitishthanthatofC5Wrats.

Thepercentageoffat-freedrymatterofinterscapularBATwas8.5±0.44

ノOρaneseJo〃rnalof、Phアsiolo8ア
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Table6.Proteincontentofinterscapularbrownadiposetissue(BAT).

Groups

InterscapularBAT
protelncontent
(mg/gtissue)

Warm-adaptedmalerats

(W)(5)

C5Wmalerats(9)
Pvs.W

DA-3Gmalerats
Pvs.W

Pvs.C5W

3.5=」=0.52

4.8土0.42

NS

1.9士0.21

<0.01

<0.001

LegendssameasinTablesland3.

(mean士S.E.)inDA-3G,beingsignificantlysmallerthan20.4±1.19inC5Wrats

and14.1土1.45inWrats.BATinDA-3Gratscontainedahigherpercentageof

fatincontfastwithalowerpercentageofdrymatterasshowninTable5.Protein

contentofBATinDA-3GratswasalsosmallerthanthatinWandC5Wrats(Table

6). 、

FattyacidcompositionofinterscapularBATwasdeterminedinthesegroups

(Table7).BATinDA-3Gratscontainedalowerpercentageofpalmiticacid

(C16:0)andstearicacid(C18:0)andahigherpercentageoflinoleicacid(C18:2)as

comparedwithWrats.BATinC5Wratscontainedahigherpercentageofpalmi-

toleicacid(C16:1)andoleicacid(C18:1)thanthatinWrats.Theseresultsindicated

ahigherpercentageoftotalpoly-unsaturatedfattyacids,andalowerpercentage

ofsaturatedfattyacidsinDA-3GthaninWrats.Ahigherpercentageoftotal

poly-unsaturatedfattyacidsandalowerpercentageofmono-unsaturatedfatty

acidsinC5WratswasalsonotedascomparedtoWrats.

4)Bodyandtaillengths

TheratiooftaillengthtobodylengthwassmallerinC11-12GthaninWrats.
ThisratioinDA-1G,2G,and3GratswasalsosmallerthanthatinWrats,being

similartotheratioinC11-12Grats(Table8).

DISCUSSION

TheresultsoncoldtoleranceandnonshiveringthermogeniccapacityinC8-

11Gratsclearlyindicatethattheratsrearedfbrmanygenerationsunderacold

environmentdevelopedgreatercoldadaptabilitythanwarm-adaptedcontrols

(W)andevenanimalsadaptedtocoldforonegeneration(C)(TablelandFigs.

1,2,9).TheaugmentedcoldadaptabilityinC8-11Gratswasdecreasedtothe

samelevelasWorC2Wratsbyadministrationofganglionblocker(Figs.3,4),

reserpine(Figs.5,6),andβ 一adrenoceptorblocker(Tal)le2andFig.8)orsurgical

hibernectomy(Fig.7)。InCrats,NEiswellknownasamainmediatorofnon一

Vo1.35,No.3,1985
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Table7. Fattyacidcompositionofinterscapular

brownadiposetissue(BAT). (%)

Groups Warm・adapted(W) C5Wrats DA-3Grats

No.ofrats 6 9 11

C14:0

Pvs.W

Pvs.C5W

C14:1

Pvs.W

Pvs.C5W

C16:0

Pvs.-W幽 『

Pvs.C5W

C16:1

Pvs.W

Pvs.C5W

C18:0

Pvs.W

Pvs.C5W

C18:1

Pvs.W

Pvs.C5W

C18:2

Pvs.W

Pvs.C5W

C18:3

Pvs.W

Pvs.C5W

C20:4

Pvs.W

Pvs.C5W

2.3土0.23

0.1±0.03

29.6±0.81

2.0±0.22

7.9土0.97

29.0±0.69

26.4土0.58

2.3」=0.17

0.5ti=0.20

1.8±0.08

<0.05

0.1± 〇二〇2

NS

28.2土1.02

NS

1.3±0.12

<0.02

10.4±0.34

<0.01

25.7±0.52

<0.05

28.1ヨ=0.82

NS

2.1土0.17

NS

2.5士0.23

<0.001

2.3=と0.11

NS

<0.001

0.2土0.02

<0.02

<0.01

24.9土0.55

<0.001

<0.01

2.3」=0.24

NS

<0.01

7.1=1=0.22

NS

<0.001

29.4ヨ=0.41

NS

<0.001

30.9±0.92

NS

<0.05

2.6±0.11

NS

<0.02

0.5=』0.11

NS

<0.001

Total

Saturated

Pvs.W

Pvs.C5W

Mono-unsaturated

Pvs.W

Pvs.C5W

Poly-unsaturated

Pvs.W

Pvs.C5W

39.8土0.75

31.1=』0.89

29.1土0.79

40.4±0.95

NS

27.0±0.57

<0.01

32.7=』1.14.

<0.05

34.2土0.49

<0.001

<0.001

31.9=』0.59

NS

<0.001

33.9=LO.99

<0.01

NS

LegendssameasinTable1.

shiveringthermogenesis,sinceadministrationofganglionblocker,reserpine,or

β一adrenoceptorblockercouldsuppressaugmentedheatproductionthroughnon-

shiveringthermogenesisinthecold(Hsl田andCA肌soN,1957;JANsK重,1973).

Thepresentfindings,togetherwiththosepreviousones,suggestthatessentially
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Table8.Bodyandtaillengthofwarm-adapted,cold-adapted(rearedfor

11-12generationsincold),andcold-deadaptedmalerats.

Groups
Body
weight
(9)

Body
length
(cm)

Tail
length
(cm)

Total
length
(cm)

Taillength

Bodylength

Warm-adaptedrats(W)(6) 306=』6 23.4=ヒ0.2318.9土0.2142.3 0.81±0.01

C11-12Grats(15)

Pvs.W

373=ヒ1023.3土0.2117.3±0.3740.6 0.74±0.01

<0.001

Cold-deadaptedrats
DA-1G(7)

Pvs.W
DA-2G(7)

Pvs.W

DA-3G(10)
Pvs.W

541土16

421土8

329土8

25.4±0.2517.6±0.32

24.1±0.2217.1土0.02

22.5±0.1616.2±0.14

42.9

41.1

38.7

0.69±0.01

<0.001

0.71±0.01

<0.001

0.72士0.01

<0.001

CIl-12G,ratsrearedincoldfor11-12successivegenerations;DA-1Gto3G,de。

adaptedratsrearedinwarmthforlto3generationsaftermanysuccessivegenerationsin

cold.LegendssameasinTable1.

thesamemechanismasthatinCratsliesunderthehighercoldadaptabilityof

C8-11Grats.Inaddition,itwasnotedthattheratsrearedinthecoldfbrmany

generationsshowedgreaternonshiveringthermogeniccapacityasassessedbythe

markedlysmalldecreaseof1℃inthecurarizedanimalsinthecold,indicating

fUrtherdevelopmentofimprovedcoldadaptabilityduetosuccessiverearingfbr

manygeneration.sundercoldconditions.Thecauseofthisphenomenonobserved

inthepresentstudyremainsunexplained.Inthiscontext,theresultsfromthe

de-adaptedratswhichderivedfromaratstrainrearedformanygenerationsinthe

coldwouldbeverysuggestive.

TheimprovedcoldtoleranceandnonshiveringthermogenesisobservedinC

orC8-11GratswerealsofoundinDA-3G,ascomparedwithcoldtoleranceand

nonshiveringthermogenesisinWrats.Theseparameterswereassessedfromthe　
changesin耽),(Fig.10),CO,output(Fig.11),andbodytemperatureinducedby

NE(Fig.12),orbycoldexposure(Table3).Sincetheincreaseinheatproduction

inducedbyNEisknowntodependonthecapacityofnonshiveringthermogenesis

(JANsK重,1973),DA-3Gratsmaypossessmoreaugmentednonshiveringthermo-

genesisthanWrats.However,judgingfromthefactthatdecreaseofTcinDA-

3GratsinthecoldwasintermediatebetweendecreasesofTcinWandCsWrats ツ
coldtoleranceofDA-3GratsisinferredtobesmallerthanthatofC2WorC8G

rats(Fig.9).Nevertheless,itshouldbenotedthatDA-3Gratspossessgreater

coldadaptabilitythanWratsthoughtheywererearedat25。Csincetheirbirth.

Besidesthermoregulatorycapacity,somemorphologicalcharacteristicsin

relationtothermoregulation,includingashortertail(Table8)andlargerBAT

mass(Table4),wereobservedinDA-3GratsascomparedwithtaillengthandBAT

massinWrats;DA-3GweresimilarintaillengthandBATmasstotheratsreared

Vo1.35,No.3,1985
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inthecoldfbrmanygenerations(Tables4,8).However,thechemicalcomposi-

tionofBATinDA-3Gratsdifferedstrikinglyfromthatinratsrearedinthecold

fbrmanygenerationsandWrats(Tables5--7).Presently,itisdiMculttoexdlain

thesefindingsinDA-3Gratsinassociationwiththeircoldadaptability.However,

itislikelythatsuchpersistentlyimprovedthermoregulatoryfunctionsofDA-3G

ratsinthecoldrefiectageneticalchangeinthecold-adaptedratsrearedincoId

fbrmanygenerations.DA-3Gratsusedinthepresentstudywerenotexposedto

coldthroughouttheirlives,includingtheirneonateperiod.Itisknownthatadult

Cratslosetheirenhancednonshiveringthermogenesisseveralweeksafterthey

aretransferredfromcoldtowarmenvironments(BART倣Kovんetal.,1971).

Therefbre,animprovedcoldadaptabilityobservedinDA-3Gratsmaywellcome

fromageneticchangetransferredfrommotherswhichhavebeenadaptedtocold

formanygenerations.However,itwasreportedthattheyoungratsrearedin

warmenvironments血omamotherexposedchronicallytocoldexhibitedanim-

provedabilitytotoleratecoldthroughanenhancednonshiveringthermogenesis,

andthatthisabilityispossiblymediatedbysomeneurohumoralfactorsresponsible

fbrtheenhancementofcoldadaptationdevelopedinthemother(DoIand

KuRosHIMA,1982).Moreover,coldadaptabilityobtainedintheneonatalperiod

wasreportedtolastfbr18weeksaftertheterminationofcoldexposure(Doland

KuRosHIMA,1979).Thus,thepossibilitymaynotberuledoutthatcoldadapt-

al)ilityacquiredduringfbetalorneonatalperiodcouldpersistfbracertainperiod

oftime.But,itseemsdifficulttoexplainanimprovedcoldtoleranceinDA-3G

ratssincetheanimalswerebornfromparentsrearedinawarmenvironmentand

notexposedtocoldatallthroughouttheirIives.Inthisstudy,DA-3Gratsstill

exhibitedhighercoldtoleranceandthermogeniccapacitythanthoseofWrats.

Itmaybepossiblethatageneticfactorisinvolvedinthehighercoldtoleranceof

DA-3Grats.However,thispresumptionraisesaquestionastowhetherthe

Wistarratsbredincoldformanygenerationspossessapotentialwhichleadstoa

geneticchangesuitabletoacoldenvironment.Recently,BARNETTandDIcKsoN

(1984)fbundthatwildmiceafterbreedingat30Cwithoutanymanipulationfbr

tengenerationsexhibitedchangesinmaternalmilkproductionanditscomposi-

tionwhichappearedtore且ectageneticalchange.Althoughsomeproblemsre.

mainincomparingtheresultsofthepresentstudywiththeirs,fbrexample,in

speciesdifferencesbetweenratsandmice,adifferenceindegreeofgenetichomo-

geneitybetweenourinbredratsandtheiroutbredmice,andotherfactors,these

resultssuggestapossibilitythatphysiologicaladaptationtoalivingenvironment

couldleadtoageneticchange(GoRczYNsKIandSTEELE,1980).

Thepossibility ,mayalsoexistthatselectionofcold-tolerantindividuals

occursduringbreedingoftheratsformanygenerationsinthecold,asoccurred

inastudyofheat-tolerantrats(FuRuYAMAandOHARA,1978).Aswrittenin

MATERIALSANDMETHODS,thenewbornindividualswerenaturallyselected

bytheircoldtoleranceand/ormaternalabilityofbreedingintheprocessofcold
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adaptationfbrmanysuccessivegenerations.Notasmallportionofthenewborn
ratsdiedineachgenerationuntiltheC'12Gwasreached,presumablybecauseof

theirlowcoldtolerance.Therefore,matingmighthaveproceededbetweensur-
vivingbrothersandsist6rsconsideredtohavesuperiorcoldtolerance.Further-

more,thereisthepossibilitythatthenew'bornindividualswhichcoulddevelop

morecoldtoleranceinuteroandexhibititimmediatelyafterbirthcouldsurvive
incold,sincetheexperienceofcoldexposureinuterocouldenhancecoldtolerance

inneonatalstageofrats(DolandKuRosHIMA,1982).

Itislikelythatpoly-geneisrelatedtothequalityandquantityofcoldadapt-
abilityofmammals,anditisbelievedthatphenomenacontrolledbypoly-genecan

beaffectedbyvariousfactorsofanimal'sontogenicenvironments(WADDINGToN,
1966).Althoughwecouldnotdefinetheaffectingfactor(s)orgenotropicsub-
stances,thegeneticactivityorcompositionofratsrearedinthecoldfbrmany

generationsmightbechangedtosecuretheirsurvivalinthecold.Furtherstudy
isneededtoanswerthequestionsraisedinthisstudy.

WewouldliketothankDr.S.Itoh,ProfessorEmeritus,HokkaidoUniversitySchoolof

Medicine,fbrhisguidanceinplanningthisstudy.ThanksarealsoduetoProfessorDr.T.

Hiroshige,HokkaidoUniversitySchoolofMedicine,fbrencouragementandsupportfbrthe

experlments.
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