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Effect of Thermal Acclimation on Change in Cerebral
Blood Flow during LPS-pyrogen Fever in Rabbits
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Abstract: Local blood flow in the hypothalamus (BFhy) and the reticular formation in the

midbrain (BFrf) in fever induced by lipopolysaccharide (LPS-pyrogen: 3μg/kg i. v.) were

measured by the hydrogen clearance method together with respiratory rate (RR), rectal

(Tre), hypothalamic (Thy) and ear skin (Tea) temperatures in rabbits exposed to normal

(25℃), heat (30℃) and cold (10℃) temperature for 4 weeks. BFhy and BFrf were analyzed

till 100 min after LPS-pyrogen injections during the early phase in fever. In normal ac-

climated rabbits: (1) Mean of Tre, Thy, Tea, RR, BFhy and BFrf just before the injection

of LPS-pyrogen were 38.93±0.12℃, 38.55±0.14℃, 30.5±1.1℃, 106±7 min-1, 36.84±2.11

ml/100 g/min and 35.62±3.10 ml/ 100 g/min, respectively. (2) BFhy and BFrf significantly in-

creased with increase in Tre and Thy during fever. (3) There were no significant difference

between BFhy and BFrf and between Tre and Thy before and during fever. (4) Correlations

among BFhy, BFrf, Tre and Thy were statistically significant. (5) In heat and cold ac-

climated rabbits, BFhy and BFrf hardly increased during fever. The increase in BFhy and

BFrf is considered to have useful effects in the process of fever, because the endogenous

pyrogen and the thermal signals of core temperature are speedily transported to the brain

by bood circulation.

Kqw0Ydi：LPS－pyrOgenfever，CerebralbioOdfiOW，HypOthaiamus，ReticuiarfOrmatiOnin

midbrain，Thermaiacciimati0n，Rabbit

IMTRODUCTION

Itiswe11‾knownthatheatcOnservationbyperipheraivasOCOnstrictiOnandheatprOduc．

tiOn OfnOn■shiveringtherm0genesisand cOid shiveringareinduced bylipOpO1ysaccharide

（LPS－pyrOgen）administratiOn．Brain temperature，as Wel1as temperatureSin Other cOre

tissues，areincreasedbytheserespOnses．

ThereweremanyrepOrtsthatthebiOOdfiOwhard1ychangesinthebrainwhichhasan

imp0rtantr0ieinaffectingitsowncirculatingregulatiOn．H0WeVeranincreaseOfcerebra1

b10OdflOwinthehypOthalamusduringfeverinducedbypyr0geninrabbitswasrep0rtedby

CranstOnandRosendr0ff（1968）andROsendr0ff（1973）．
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Thebraintemperaturep1aysanimportantrO1einthermOregu1ati0nisaisOwe11－knoWn・

Fact0rsCausingChangeinbraintemperatureareconsideredtobechangesinmetabO1ismin

thebrain，thetemperatureOfcircu1atingb1OOdandcerebralb1OOdflOw（HaywaLrdandBaker，

1969）。

In this study，re1ationships amOng Cerebra1b1OOd flOwin the hyp0tha1amus（BFhy），

reticu1arfOrmatiOninmidbrain（BFrf）andtemperaturesOfthehypOtha1amus（Thy）andrec．

tum（Tre）duringfeverinducedbyLPS－pyrOgenadministratiOnwereana1yzedinrabbitsex－

pOsedat25℃fOr4weeks．Andwea1sodiscussedthereasOnsinwhichBFhyandBFrfdur．

ing LPS．pyr0gen fever hard1y changedin rabbits expOsed at10℃and30℃fOr4weeks

pre1iminari1yinpreviOuSeXPeriments（KOsakaetal．，1989）．

MATERIALSAMD METHODS

Ma1ea1binOrabbits，2．6±0．3kginbOdyweight，wereusedinthisstudy．Therabbits

wererearedindividual1yfOr4weeksunder25±2℃and60±5％rh，andtheph0tO．periOdwas

12：12hr（Light：6：00－18：00）・CompariSOnwith rabbitsin three gr0ups，rabbits0fnOrma1，

heatandcO1dgroupswereexpOsedfOr4weeksat25±2℃，30±2℃and10±2℃，respeCtive．

1y．Humiditywas60±5％rhandthephOt0－peri0dⅥ鱒12：12hr（Light：6：00h－－18：00）ina11

grOuPs．

Thesurgica1proceduresWereCarriedOutunderanesthesiawithsOdiumpentobarbita1

（30mg／kgi．v。）．TheheadOftherabbitwasfixedinapr0nep0sitiOnwithastereOtaXicin．

strument，andthenthreehO1esweredri11edintheexposedsku11ab0Vethebi1atera1anteriOr

hypOtha1amusandleftOfthemid1ineabOVethereticularfOrmati0ninthemidbrainacc0rding

tO the at1as of MOnnier and Gang1Off（1961）。The sensitive e1ectrOdes fOr meaSurement Of

10Ca1b10Odf10wWerestereOtaXicallyinsertedintOregiOnsOftheanteriOrhypOtha1amusand

thereticu1arf0rmatiOninmidbrainthrOugh1eftsidehOies，andac0pPer．COnstantanthermO－

coup1e（1mmindiameter）wasa1sOinsertedintOhypOthalamicregiOnthrOughanOtherhO1e．

Thesee1ectrOdesandthermOCOuP1ewere anchOredrigidlytOthesku11．

BFhyandBFrfWeremeasuredbyahydrOgenCiearancemethOd．Thesensitivee1ect－

rodeismadeOfPt／Pt．b1ackandthesensitiveareaOfthetipislmmin1engthand300μmin

diameter。FOrmeasurementOf1OCaib1OOdf1Ow，therabbitWasgivenahydrOgen．airmixture

gas tO breathespontaneOus1yfor1－2min（InOmOtOetal．，1979）．Apartia1pressi1re Of

hydrogeninthetissueWaSmeasuredwithPH2mOnitOr（PHG－300，M．T。GIKEM）and

r。COrded withadatarecOrder（RMG＿5204，MIHOM KODEM C0．）．The bhangeinthe

pressurefOrmsthehydrOgenC1earancecurveandthehydrOgenC1earancecurvefor10nger

than15minisnecessaryf0rCa1cu1atiOnOfb1OOdflOW・ThetOtalf1Owmethodandtheinitia1

s1OPemethod（Olesenetal．，1971）arewei1kn0wntOCa1cu1atetheb10OdflOwinthehydrOgen

c1earance method．Cerebra1biOOd f1Ow waS Ca1cuiated frOm the hydrOgen C1earance curve

withac0mputerprOgramWhichwascreatedtOCalculatethecerebraib1OOdflOwOnthebOth

methodswithanana1OgueCOmputer（ATAC．450，MIHOMKODEMC0）．Inthisstudy，the

cerebra1blOOdf1OWsCa1cuiatedbytheinitia1s1Opemeth0dwereshOwn，becauseacorre1atiOn
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between cerebra1b1OOdflOw Ca1cu1atedbytheinitials10pe methOd and those ca1cu1ated by

the totalflOw methOd was statistical1ysignificant（KOsakaetaL，1989）．

ExperimentsWereCarriedOutinanenvirOnmenta1chambercOntrO11edat25℃and60％

rh・IntervaitimeOfmeasurementineachBFhyandBFrfwas20min。AfterBFhyandBFrf

Weremeasuredtwiceinstab1estateontherabbit，LPS－pyrOgen（且C0li，B－8，SIGMA）was

intraven0uSlyinjectedat3μg／kgofdose．TemperaturesofThy，Tre，earskin（Tea）andam－

bience（Ta）WerereCOrdedWithcOpper・COnstantanthermOCOupleseveryminute．RespiratOry

rate（RR）Was picked up with a strain．gauge ar0und the chest and RR was cOunted and

storedwith a cOmputer（ATAC－450，MIHOM KODEM Co．）．

RESULTS

Meanva1uesOfBFhy，BFrf，Tre，Thy，TeaandRRin6rabbitsOfnormalgrOupare

sh0wninTab1e1．Theva1uesat0minas cOntrOlva1uesweremeasuredjustbef0re LPS－

pyr0geninjectiOn．

The contrO1va1ues ofBFhyand BFrfwere36．84±2．11m1／100g／minand35．62±3。10

m1／100g／min，respeCtive1y・There was1itt1e difference between BFhy and BFrfin cOntrO1

Va1ues・BFhy and BFrfincreased withincreasein Tre and Thy due tO LPS－pyrOgen ad－

ministratiOn．Increasein BFhy after40min and thatin BFrf after80min frOm the LPS－

pyr0geninjectiOnincreasedsignificant1yincomparis0nwiththecOntrO1va1ue・H0weVer，dif．

ferencesbetweenBFhyandBFrfatthesametimeweren0tsignificantthrOughOuttheex－
Perimenta1periOd．

Contr0iva1uesOfTreandThywere38．93±0．12℃and38．55±0．14℃，respeCtive1y．Tre

washigherthanThybutthe differenceswerenOtSignificantthrOughouttheexperimenta1

periOd．BothTreandThys1ight1yfe11at20min，butincreaseinThywashigherthanthatin

Treat40minafterLPS－pyrOgenadministratiOn．Treaswe11asThyafter60minfrOmthe

Tablel。Changesini0Ca1blOOdfl0ws0fthehypotaiamus（BFhy）andthereticu1arfOrmatiOn

inmidbrain（BFrf），temPeratures0fthehypOtha1amus（Thy），reCtum（Tre）andear

skin（Tea）andrespiratOryrate（RR）duringfeverinducedbyLPS－pyr0geninjected
intravenOuS1yat time zerOin6rabbits

誌　n（mU書取nin）（mu芯min）葦写　　葦y　　葦号　（濫1）
ー20　　6

0　　6

20　　6

40　　6

60　　6

80　　6

100　　6

36．50±2・63　38。49±3・83　38．95±0．11　38－63±0．18　　31．l±0．9　　109±5

36．84±2．11　35．62±3．i0　38．93±0．12　38●55±0．14　　30．5±1．1　106±7

37．98±1．92　37．42±2．88　38．84±0．09　38．46±0．15　　28．5±0．7　　　85±8

42・77±1．29＊　43．12±3．12　39．03±0．07　38．81±0‾14　　27．1±0－6＊　　　48±6＊＊

43・51±1．32＊　44．55±3．2139．36±0．10＊　39．15±0．11＊＊　26．8±0．7＊　　　50±5＊＊

44．98±1．83＊　46．33±3．14＊　39．51±0．08＊＊39．23±0．09＊＊　26．4±0．6＊＊　　51±5＊＊

44．24±2．01＊　48．47±3．51＊　39．54±0。1i＊＊39．49±0・11＊＊　26．8±0．9＊　　　49±6＊＊

Mean±SE・＊p＜0．05and＊＊p＜0．01c0mparedwitheachva1ueattime0min．
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LPS．pyrOgeninjectiOnincreasedsignifiCant1yincOmparisOnwiththecOntr01value・Teaand

RR decreased signifiCant1yat40minandthebeginming Of decreasesinTeaand RRwere

eariierthanincreasesinTreand Thy．

ChangesinBFhy，BFrf，Thy，Tre，TeaandRRcalculatedfr0mTablelwereShOwnin

Fig・1．Inthisfigure，LPS．pyrOgenwasinjectedintraven0uS1yat0min，and＄tarmarksOn

zero1ines were cOntrO1valuesinTab1e1．Percents Ofdifferences frOm eaCh contrO1valuein

BFhyand BFrf，and differencesfrOm eaCh cOntrO1valuesinThy，Tre，Teaand RRwere

shOwn．HeatcOnservativerespOnsesinTeaandRRwereinducedbyI！PS．pyrOgenadmimistra－

ti0n．TrerOserapid1yfrOm40mint060minafterLPS－pyrOgenadmimistratiOn．Onthe0ther

hand，therapidincreaseinThywereObservedtwicefrOm20mintO40minandfrOm80min

tol00minafterLPS－pyrOgen administratiOn．

ThecOrre1atiOnCOefficientsandregressiOnlinesamOngTre，Thy，BFhyandBFrfinal1

dataOfnOrma1groupwerecalCu1ated．ThecOrre1atiOnaldiagramSandregressiOn1inesOfThy

OnTreinFig．2，OfBFhyOnBFrfinFig．3，0fBFhy0nThyinFig．4andOfBFhy0nTre

inFig．5wereshOwn，andthereweresignifiCantPOsitive cOrre1atiOnsinal1relatiOnS・
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Fig．1．ChangeSOfcerebra1bioodf10wintheretiCuiarformatiOninmidbrain（BFrf）and

thehypothalamus（BFhy），temperaturesOfhypothalamus（Thy），reCtum（Tre）and

earSkin（Tea）andrespirat0ryrate（RR）duringLPS．pyrOgenfever．Differences

fr0mValues（starmarks）justbef0reLPS－pyr0geninjectedintravenous1yineach

curve were sh0wn．
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（Thy）OnreCta1temperature（Tre）duringLPS．pyrOgenfever．Differencesfr0m

Va1uesjustbef0re LPS・pyrOgeninjectedintravenOusiywere sh0wn．ThezerO

1eve1swere38・93±0・12℃fOrTreand38．55±0．14℃fOrThy．ThecOrre1ati0nbet－

weenThyandTrewaSstatisticai1ys1gnificant．
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Fig．3・The cOrre1atiOna1diagramand the regressiOnline ofcerebraib1OOd f1OWin

hypotha1amus（BFhy）oncerebra1b1O0dflowinreticu1arformati0n0fmidbrain

（BFrf）duringLPS．pyrOgenfever．DifferencesfrOmValueSjustbef0re LPS．

pyrogeninjectedintravenouS1ywere shOwn．The zerO1eve1s were36．84±2．11

m1／100g／minfOrBFhyand35．62±3・10m1／100g／minfOrBFrf．ThecOrre1atiOn

betweenBFhyandBFrfwasstatistica11ysignificant－
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fever．Differences frOmValues justbefOre LPS．pyrOgeninjectedintraven0usiy

weresh0wn．ThezerOleveiSwere36．84士2．11mi／100g／minforBFhyand38。55

±0．14℃f0r Thy．The c0rre1atiOn between BFhy and Thy was statistica11y

significant．
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Cant・
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ChangesinBFhyandBFrfbef0reandafterLPS．pyrOgenadministratiOnineachgrOup

wereshOwninFig．6。BFhyandBFrfmeasuredat80minOr100minwerese1ectedasva1ues

after LPS－pyrOgen administratiOnin fever・BFhy and BFrfOfrabbitsin the heat and cO1d

grOups hard1yincreasedin cOmparis0nwith thevalues bef0re LPS‾pyr0gen administrati0n．

BFhyofcOntrO1va1ueswere37．6±13．6m1／100g／minfOrthenOrma1gr0uP，38．8±7．5m1／100

g／minfOrheatgroupand31．7±5・5ml／100g／minfOrthecO1dgrOup・Onlydifference0fBFhy

betweenheatandcO1dgrOupSwasstatistica1lys1gnificant．IncreaseinBFhybyLPS．pyrOgen

administratiOnwasStatistica1lysignificantinthenOrma1grOup，andthepercentOfincreasein

BFhy was21．1±8．2％．On the Other hand，BFrf of c0ntrO1values were37．2±7．5m1／100

g／minfOrnOrma1grOup，39．9±6．8m1／100g／minf0rheatgrOupand28．9±7．4ml／100g／minf0r

COldgroup．On1ydifferenceOfBFrfbetweenheatandcOldgrOupswasstatistica11ys1gnifi－

Cant．AnincreaseinBFrfbyLPS－pyrOgenadIhinistratiOnwasalsOstatistica11ysignificantin

nOrma1grOup，and the percent Ofanincreasein BFrfwas18・6±10・4％．
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PO／AH：Pre0pticareaandanteriOrhypOthalamus，R．F．：Reticu1arfOrmatiOnin

midbrain，MOrma1－：RabbitsexpOsedat25℃fOr4weeks，Heat．：RabbitsexpOs－

edat30℃f0r4weeks，Co1d－：Rabbitsexp0sedat10℃fOr4weeks．
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DISCUSSIOM

The methods ofmeasur1ng b10Od f1Owin a tissue are main1ytwO types．Oneis the

microspheremethOd，theotheristhec1earancemethOd．Hydrogenc1earancemethOdisanap．

p1icationofthec1earancemethOdandthemethodus1ng133Ⅹeiswe1iknOwn．Inthec1earance

meth0d，itisunknOwnWhetherachangeinb100df1OWisduetochangeinacardiacOutput

0rnOt，andthenumberOfmeasuringtissuesare1imitedinOnemeaSurement．HOweVerthe

c1earancemethodcanmeasureinrea1time，CanmeasureanabsOluteva1ueandcanrepeated－

1ymeasurewithout1imitincOmparisOnwiththemicr0spheremethOd．

Thefeverana1yzedinthisstudyiscOnsideredt0beanear1yphasefeverbecausedata

ismeasureduptO100minafterLPS．pyrOgenadministrati0n（Iriki，1988）・

ThedecreaseinTeabytheperiphera1vasOCOnstrictiOnf0rinhibitiOn0fdryheatlOss

precededtheincreaseinTreandThywassh0wninFig・1．ThedecreaseinRRf0raninhibi－

tiOnOfrespiratOryeVapOrativeheat1OssalsOpreCededit．A1thOughtheseheatconservation

respOnsesarenOtpOSitiveresponsest0increaseOfcoretemperature，theseareecOnOmica1

responseswithoutenergy10Ss．Theperiphera1vasOCOnStrictiOnandthechangeinRRarefast

respOnsesbecausetheserespOnsesareinducedbyneurogeniccontro1（Saigusaetal．，1989）．

andthesurfacepervo1umein an earofarabbitiswide

ThenOn．shiver1ngandcO1dshiver1ngthermogenesisarepOsitiveresp0nseSt0increase

the core temperature。The heat cOnserVatiOn and theincrease Of metabOiismin ther．

mOgenesisarecertain1yinducedinaprOCessOfincreaseinthecoretemperatureduringa

feverinducedbyLPS．pyrOgen（Makayama，1978）。

TheperipheraivasocOnStrictiOnre1ative1yincraeseabiOOdf10Wincentralarea・andthe

increaseOfb100dinflOWisneededinthetissueWhichthemetabO1ismf0rthermOTgeneSisin－

creases．TherefOretheseresponsesincreasetheb10OdflOwincOretissues．

Inthisstudy，BFhyandBFrfincreasedduringLPS．pyrOgenfever。Thepositivecorre1a．

tionsbetweenBFhyandBFrfandthatbetweenTreandThywerestatistica1lysignificant．

TheincreaseinBFhyandBFrfhastwousefu1effectsintheprOCessOffever．Onthefirst，

theendOgenOuspyrOgenprOducedfromneutrOPhi1s，mOnOCytesandmacrOphagesbyinduce．

mentOfLPS－pyrOgeninperiphera1area（Morimot0etal．，1989）maybespeedi1ytranspOrted

tothebraininiargequantitiesbytheb10Odcircu1ationasaresu1tOfincreasesinBFhyand

BFrf．On the sec0nd，the thermo－Signa1in cOre temperature eXCept the brainis quick1y

brought tO thetherm0regu1atOryCenter，because the difference between Tre and Thy

becOmesSma1lerastimepassesafterLPS－PyrOgenadministration．

BFhyandBFrfinheatandcO1dgroupshard1yincreasedincomparisOnwiththen0rma1

grOupduringafeverinducedbyLPS．pyrOgenwaSshOwninFig．6．Fig．7isafiguretOeX－

piain0urhypothesisaboutit．Inthisfigure，Tre0rThyisthec0retemperature（Tc）inthe

hOrizonta1axis．The vertica1axis shOWs the strength of physiO10gica1respOnseSin the

thermo．regu1atiOn．HeatproductiOn（HP）isnOn－ShiveringandcO1dshiveringChermOgenesis，

andevapOrativeheatloss（EHL）isatherma1pantinginrabbits．Meutra1zone（MZ）inTcis

therange regu1atedbyperiphera1vasoconstriction0rperiphera1vas0di1atiOn・This figure
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Fig．7．Inf1uence Of LPS－pyrOgeninjectiOn On thermairespOnses（Tc）in thermOregulatiOn

（modified Biigh，1973．fordetai1s see discussiOn）．

COnsistsofthreepartsname1ythermo．neutra1incontr01group，heat．acciimatiOninheatgroup

and cO1d．acc1imationin cO1d grOup．TwO Vertica1thin1ines are Tc befOre LPS．pyrogen ad－

ministrationandTcincreasedbyLPS‾pyrOgeninfever．ItissupposedinthisfigurethatTc

bef0reLPS＿PyrOgeninjectionisthesameineachgroupaswe11asTcinfever．Thisresu1tis

COnsideredintheear1yphよseinfeverbecauseBFhyandBFrfWeremeasuredwithin100min

after LPS．pyrogen administratiOnin this study．Tcin fever was contr011ed by the ther－

m0regu1at0rfunctiOns，andthegain0fthermoregu1atoryrespOnsedidn，tchange．Simi1arfin－

dings were reported byIriki（1988）．

In the nOrma1grOup，the strength Of periphera1VC（OPen Circ1e）and the strength Of

HP（c10sedcirc1e）arerequestedbefOrebeginning0ftheincreaseinTcafterLPS‾pyrOgenin－

jection．

Inthe heatgrOup，therange ofMZinTcmaybe extendedtohighertemperatureby

pre1iminaryexpOsureat30℃fOr4weeks，andTcmaybecOntrO11edby10wergainsOfVD

andEHL．Inconsequence，thestrengthOfHP（closedcirc1e）decreasedincomparisOnwith

thenOrma1grOup．Thissuggeststhattheincreaseinb1OOdf10wbythe metabOlismincore

tissuesissmal1．Theref0re，thesma11increasesinBFhyandBFrfiscausedbytheinfluence

0f that．

In the c01d gr0uP，the range of MZin Tcis extended to a10wer temperature by

pre1iminaryexpOsureat10℃for4weeks，andTccanbecontrO11edby10wergainsofVC

andHP（B1igh，1973）・Astheresu1tOfthese，thestrengthOfperipheralVC（OPenCirc1e）and
HP（c10sedcirc1e）isata1OW1eve1inc0mparisOnwiththen0rma1grOup．InadditiOntOthe
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Case0fheatgroupOnmetab01ism，theweakperiphera1VCinf1uencesonasma11increasein

b100d f1OWint0COre tissues．SO a smallincreasein BFhy and BFrfis caused by thatin－

f1uence．

Theincreaseincerebra1b1OOdfloWiscOnsideredtobeusefu1fOrtheprOCessOffever．

A1thOughthere are manyindistinct pointsin therma1acc1imatiOn，the Other effectivefunc－

tiOns On therm0regu1atiOnin a fever may be enhanced bytherma1acciimatiOn．
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