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SUMMARY

AnIsotopedilutionmethodusingl1-13C]1eucine(Leu)infusiont.ogetherwithopen-circuitcalorimetry
wasappliedtodeterminetheeffectofmetabollZableproteln(MP)intakeonratesofplasma
LenturnoverandwholebodyprotelnSynthesis(WBPS)insixhelfersIWBPSratewasestimated
fromrateofplasmaLeuturnoverandLeuoxidationtocarbondioxide･Theexperimentconsisted
orthreelevelsorMPintakeandwasconductedinatwo3×3LatlnSquaredesignsorthree21-day
periods.Theexperimentaldietconsistedofmixedhay,maizeandsoybeanmeaLDietaryMPlntake
oreachdietarytreatmentwas4･3,4･5and4･9g/kgBWO75/daybychangingmaizeandsoybeanmeal
weights.Metabolizableenergy(ME)intakewassimilarfわralldietarytreatments･Whenplasma

a-ll-13C]keto-isocaproicacidenrichmentswereusedasmarkersindicatingintracellularLeu.enrich-
ments,plasmaLeuturnoverrate(LeuTR)increased(p-0･012)andWBPStendedtolnCreaSe
(p-01091)asMPIntakeincreased.Incontrast,plasmaLeuTRandWBPSwerenotinauenced

irplasma【ト13qLeuwastakentoindicateintracellularLeu?nrichmentS･TotalandplasmaLeu
oxldationratesdidnotchangebutintracellularLeuoxidationIncreased(p-0･044)withincreasing
MPintake.Inheifers,itlSSuggestedthatratesofplasmaLeuturnoverandWBPSareinfluenced
bydietaryMPIntake,independentorMEintake,althoughthechangeinMPintakewasrelatively
small.

INTRODUCTION

Aminoacids,suppliedbyabsorptionfromdigestive
tractsandbydegradationfrom tissueprotein,are
utilizedviaavarietyormetabolicroutes.Leucine

(Leu)is,however,eitherusedforproteir!synthesis
Proxidizedtocarbondioxide(CO芝) vlaa-keto-
lSOCaPrOic acid (a-KJC)(Cobellietal. 1991).
Therefわre,theisotopedilutlOnmethodorlabelled
Leniswidelyappliedfわrestimationorwholebody
proteinsynthesis(WBPS),
DietaryIntakein飢lenCedplasmaLeuturnoverrate
(LeuTR)andWBPSingrowingcows(Hammond
elal.1987;Dawsonelal.1998;Lapierreelal.1999).
Sanoetal.(2004)studiedtheeffectofdietaryprotein
intakeonWBPSandwholebodyproteindegradation
usingthe[1-13qLeumethodandNbalancetestin
sheepandreportedthathighproteinintakehadlittle

*Towhomallcorrespondenceshouldbeaddressed･
Email:sano@1Wate-u.aC.jp

effectonplasmaLeuTRandWBPS,andenhanced
proteindepositionwithreducedwholebodyprotein
degradationratherthanincreasedWBPS.Supplyor

mPtabolizableprotein(MP),consistingofdigestible
mlCrObialtrueproteinanddigestibleundegraded

feedprotein(AFRC 1993),influencedabsorption
oressentlalaminoacids,plasmaLeuTRandWBPS
inlactatingcows(Lapierreelal.2002;Raggioelal.
2004).Therefore,itwashypothesizedthatWBPSwas
affectedbydletaryMPintakeevenwhenmetaboliz-
ableenergy(ME)lntakewasconstant.However,in
heifers,lessinformationisavailableabouttheeffect
orMPintakeinisoenergeticdietsonplasmaLeuTR
andWBPS.Inthepresentexperiment,therefore,
plasmaLeuTRandWBPSweredeterminedbythe
ll113C]LeumethodinheifersfedisoenergeticdletS
estimatedtocontainthreelevelsorMP.Moreover,
plasmaandlntraCellularLeuoxidationrateswere
separatelycalculated from both enrichmentsof
plasma[ト13C]Leuandα-[ト13qKICasdescribedby
Wolfeetal.(1982).
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Table1.Compositionofthedietarytl･eatmentS

Treatlllent

Lo-MP Me-MP Hl-MP

MIXedhay
(g/kgBWO75/day)
Maize
(g/kgBWO75/day)
Soybeanmeal
(g/kgBWO75/day)
CP
(g/kgBWO75/day)
MP*
(g/kgBWO75/day)
ME*
(kJ/kgBWO75/day)

367 36･7

170 12･1

1･3 63

60 7･8

43 45

590 588

Carriedoutinthestanchionstallonthe2lstdayor
eachdletarytreatment･Ontheexperimentalday,the
heiferswerefittedwithaclearheadchamber(apI
proximatelylm3)forcollectlnggaseousSamples
throughoutthesamplingsandwerefedthemornlng
dietbutwerenotfedduringthel1113C]Leuinfusion.

36･7 Theheiferscouldfreelyaccessanautomatedwaterer
intheheadchamberAt09.00h,10トLmOl/kgBWO75

5-2 o叩 -13c]Leu(L-1eucine-1-13c,99atom %13c,Isotec

1410 ElEg],S.Ad･iuTnathb;cSaO話.Taste)(::ddiu3nL,LmbOllc/akrgb.BnTtoe7_513g

10･5 99･2atom % 13C;IsotecInc.,AMatheson,USA)
dissolvedinsalllleSOlution(9gsodlum Chloride/1)

4･9 器asSe.lnlj.e_Clt3ecd]ilel:10cut.heeinafsusti,oeT1Cca.t霊ltneこ.aussla,誓lFuns:dg
596 byamultichannelperistalticpump(AC-2120,Atto

辛AssumedfromAFRC(1993).

MATERIALSANDMETHODS

Anl'malsanddiets

S上xnOn-pregnant,nOn-1actatlngHolsteinhelfh.S,
aged18±2monthsandweighlng521±37kgwere
used･Theywereassignedtoatwo3×3LatlnSquare
designFor21dayseach.Theexperlmentaldietcon-
sIStedormixedhayorKenttlCkybluegrassandReed
CanarygraSS
(CP)/kgair
CP/kgair
13∵3MJ/kg,

Ci
dr
d
4

7;ME9･2MJ/kg,111gcrudeprotein
matter),malZe(ME13･8MJ/kg,82g
matter)andsoybeanmeal(ME
gCP/kgalrd1-ylllatter).Thedietary

y
ry
27

treatmentsconsistedorthreelevelsorMPintake-

1owMP(Lo-MP),mediumMP(Me-MP)andhigh
MP(HトMP),respectively,asestimatedbytheAgri-
ctlltul-alandFoodResearchCoullCil(AFRC1993)
and theexperimentaldietswereprepared wlth
changingmalZeandsoybeanmealweights(Table1).
MEintakewasslmilarfわralltreatments(AFRC
1993)CPllltakeIncreasedwithlllCl-easingMPin-
take.TheheifersWerehousedinastanchionStall

lnthedairybarnandwerefedthemixedhayat08.30
and15.30handmaizeandsoybeanmealat13.30and
16.30h.TheywereallowedtoITIOVeOutsidethehouse
andtorestinaclayfieldwithpartialshadeafterthe
mornlngfeed.Waterwasavailablead/ibL'lLIJnTwo
cathetersfol-infusionandbloodsamplingwerein-
sertedlntObothjugulal̀VelnSOnthe20thdayand
werefilledwithasterilesolut10nOf38gtrisodium
citrate/I.

ExpeI･Lmenlalprocedul･es

Comblned expel-imentstlSlllg Open-Ci1-CtlltCaloト
lmetryandtheisotopedilutionprocedurefordeter-
mlnatiollOrplasmaLeualldproteinmetabolismwere

Co.Ltd,Japan)atarateoflOLLmOl/kgBW0-75/h
throughthesamecatheterfor8h.Bloodsamples
(10mi)wet-etakenfL.Om tlleSamplingcatheterim-
mediatelybefore(prelnfusionbackground)andat
30-minintervalsduringthelast2hor[1-13C]Leu
infusl0n.Samplesweretransferredintocentrifuge
tubescontainlngheparinsodltlmandwerelnIceuntil
centrlfugation Bloodsampleswerecentrifugedat
1500gfわr20minat4oC,andtheplasmawasstored
at-250Cuntllanalyses･Fordeterminationorgas-
eotlSmetabolism,oxygen(02)consumptlOnand
CO芝Pl一〇ductionoftheheiferwereanalysedbyan
open-Circuitsystemthroughouttheexperlment.An
aliquotoftheexhaledgaswascollectedinto4ml
of1N NaOH todetermine13co2ellrichlllentSfわr
30minbefore(preinfusionbackground)andat6,
6･5,7alld7･5hoH1-13C]LeuinfusionandtheNaOH
solutlOllWasStoredat-250CuntilanalystsOr13co2
enrichments.Aftercompletingdetermlnat10nOfgas-
eotlSmetabollSm,thecatheterswereremovedandthe
heifもrwasfedthediet･Themanagementandexper-
1mentCorュ.eSpOndedtotheguidelinesestablishedby
theAnimalCareCommltteeOHwateUnlVerSlty.The
experimentwasperfbrllledwithoutnoticeablestress
totheheifers.

Analyses

DerlVatizationorplasmaamlnOaCldsandα-keto
acidswasperfわrmedbytheprocedtlreSOrRocchiccioll
ela/･(1981)andCaldel-&Smlth(1988)withslight
modificationsasdescrlbedpl･eViously(Sanoetal.
2004).Theisotopeabundanceofplasmal1-13C]Leu
andα-[1-13qKIC derivativeswasdetel･minedby
gaschl'OmatOgl.aPhymassspectL･Ometry(QP-2010,
Shlmadzu,Japan)withSelectedionmollltOl-ing.N-
leucineanda-ketovalerlCaCldwereusedasexternal

standa1-dsfわrdeterlTllllationorplasmaLeLIandα-
KICconcentrations,respectlVely.Todeterminethe
lSOtOpeabtlndanceor13co2,1mlortheNaOHsol-
LltlOn丘xedwlthexhaledCO芝Wastakenina3mlvial
whichwascappedwlthrubber.Aftel･thevialwas
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vacuumed,theNaOHsolutionwasacidifiedbyin-
JeCtlng2mlor6NH2SO4uSlngaSyrlnge,andapart
orliberatedCO皇Wastakenbythemicrosyrlnge
and13co2enrichmentsofliberatedCO芝Weredeter一
minedbygaschromatogl.aPhy/combustioll/lSOtOpe
I-at10 maSS SPeCtrOmetry (DELTAPILIS,Thermo
ElectronCol･p.,USA)･OxygeI-COnSumptionandCO芝
productionwerecolltlnuOuSlydeterminedh'Olnlnlet
andoutletairwltharesplratOrygasanalys上sSystem
(MetabollCMonitor,CoastElectronics,UK)IConcen-
trationsofplasmaFreeaminoacids,ammoniaand
tlreaatthepl･einfuslOnperiodweredeterminedwith

an automated amino.acid analyser(JLC-500IV,
JEOL,Japall).PlasmaInsulinwasdeterminedbya
radioimmunoassaykit(IRI'Eiken',EikenChemical
Co,Ltd,Japan).Theintra-andinter-assaycoefhcient
ofvarlanCeaccountedfol-Were6and9%,I-eSPeCtively.

Ca/cu/aIl'ons

MeanvalueswlthstandarderrorsOrthellleanS

(S.E.M.)aregiven RatesorplasmaLeuTR,total

Leu oxidatl?n (LeuOX),plasma Leu oxldation
(LeuOXpl),lntraCeuularLeuoxjdation(LetlOXin)
andfractionalLeuoxidat10n(FLeuOX)werecalcu-
latedusingtheequationsbyGoodenough eta/･(1982)
andKrislmamurtl&Janssens(1988).

LeuTR-Ix[(1/E)-1]

whereIISthelnfus10nrateOfl1-13C]LeuandEis
theplasmaisotopeenrichmentofl1113C]Leu or
a-[1-13C]KICduringthesteady-stateconditions.

LeuOX-Eco2/EKIC/0･8lxVco2

LeuOXpl-Eco2/ELEU/0･81×Vco2

Let10Xln-LeuOX-LeuOXpl

FLeLtOX-LeuOX/LeuTR

whereEKICandELEUaretheplaslnaisotopeenrich-
mentsorα-[1-13C]KICand[1-13C]Leu,respectively,
Eco21Stheisotopeenrichn)entoFexhaled13co2and
Vco21StheCO2productionI-ate.Therecoveryfrac-
t10nOftheexhaledCO芝tOCO皇producedinthean1-
malbodywasasstmledtobeO181(Allsopelal.1978,
Wolfeeta/.1982)WBPSwascalculatedfromthe
fouowlngequation.

WBPS-(LeuTR-LeuOX)/Leuconcentl-at10n

incarcassprotein

LeucineconcentrationincarcassprotelnWasas-
sumedtobe60g/kg(Lobleyelal.1980)
Heatproductionat5.5and8haFtertheinltiation
oftheisotopedilutionmethodwascalculatedfrom02
constlmpt1011andCO芝productionaccordingtothe

Bl.OuWer'sequat.ion(Bl-OuWer1965)excludingthe
col-reCtlOnfわrurlnaryNandmethaneprodLICtionas
describedbyYoungetal.(1975).
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Table2･EHecEofMPintakeonp/asr'aaminoacid･
amnwJuLa,LIreaandI-nsull'nconcenfJ･atIOnSalthepre-

1'nfusionpel･10dmhelfel･S

Tl･eatment

(トLmOl/1) LoIMPMe-MPHl-MPsE･M･*p-value

No.orhelfもrs

Arg
His
He
Leu
Lys
Met
Phe
Tllr
Vat
Ala
Asp
GlLl
Gly
Pro
Ser
Ash
Gln
Tyr
AnlmOnla

Urea
(mlコ101/1)
111Sulill
(トIU/一一11)

′b
へ∠
7

4
へノ)5
00
4
4
′0
5
つー
4
4
(ノー5
0ノ
7
7
4

3
7

1
LJJ
Qノ
へ∠
5
00
′0
2
1
qノ
2
1
0
2
′0
4
7

つム
2

3
1
1

3

1

′b
4
7

7
2
4
5
3
4
tJ
4
4
0
L⊃
∩プ
∠U
2
∠U
Oノ
2

3
7

0
4
∩フ
つノ]
5
CK)4
3
1
0
3
7
0
3
7
4
8

2
Z

l
へくJ

l

｢ヽJ

1

00

人uノ

5

∩フ

4

7

4

2

2
2
7
〔古
3
′hU
5
5

--
0
4
0ノ
8
1
7
1
′D
0

LヽJ

′LU

oo
0
oO
7
4
8
5
0ノ
1
7
nノ
3
5
∠U
5
0
7
0ノ
4

1

′0

2
7
2
1
3
0
9
7
0
3
3
0
7
0
0ノ
5
2
T
2

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
O
0
0
0
0

0

0

<

7

3

′0
5
0ノ
0
3
4
0ノ
′0
2
2
3
5
0ノ
0ノ
2
0ノ
3
へ∠
2

3

7

6
2
3
4
0
ト
ト
4
6
9
ト
6
0
9
5
卜
2
2
2

0

0

0ノ

∩フ

′o
∩ツ
0
0
0ノ
2
2
3
∠U
5
∠U
7
8
5
へノー1
4
0
2
2

∠U

Oノ

4
史U
2
5
2
3
5
8
7
つJ
l
へノー-
つJ
I
rJ
3
5
2

(ノー2

1
3
1
1

3

2

*S.E,hl)=StandarderrorsOrthemeallS.

SIaltsltcalmode/

Datawel･eanalysedwiththeMIXEDprocedureor
theSAS(1996).Thefixedeffectsinthemodelwere
periodanddLeLTherandom eBTectwasheirers･
ResultswereconsideredsignlBcantattheP<0･05
level.ThetendencywasdefinedasO･05<P<0･10.
1ftheeRTectordletWasSlgniBcant,theTukey-Kl.amer
adjustmentwasused and the slgnはcance was
P<0･05.

RESULTS

PlasmavalineandglutamiCacidconcentrationsat
preinrus10nincreased(P<0･05)asMPintakein-
cl･eaSed,butotheraminoacidswel･ellOtin且uenced
byMPintake(Table2).Duringthepreinfusionperi-
od,Plasrnaureaconcentrationsincreased(p-0･015)
butplaslllaammOlliaconcelltrationsremainedtln-
changed (p-0･240)with incl'eaSing MP intake･
Plasmainsulinconcentrationstendedtodecrease

(p-0･066)withlnCreaSlngMPllltake.
ConcentratlOnSOrplaslllaLeualldα-KICallden-
L･ichmentsofplasmalll13C]Leuanda-[1-13C]KICand
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Table3･EHeclofMPintakeonplasmaconcentrationsofLeuandα-KIC,ratesofLeulurnovel･,Leuoxidazion,
WBPSandheatproductionE'nhelfers

Treatment*

Lo-MP Me-MP Hl-MP sEM.T P-value

No.orheifers
Leu

Concentration(pmol/I)
Turnoverrate

(トunOl/kgBWO75/h)
a-KIC
ConcentratlOn(LLmOl/1)
Turnoverrate

(トLmOl/kgBWO75/h)
LeuoxldatlOn

(叩101/kgBWO75/h)
Total
plasma
intraCellular

6 6 6

144 147 152 7･8
347 357 388 13･4

65 67 63 4･4
480 511 566 17･9

99 117 140
72 83 97
27 34 43

FractionalLeuoxidationrate O･20 023 0･25

Protein(g/kgBWO75/day)
1】ltake
Synthesis(Leu)
Synthesis(a-KIC)

HeatproductlOn‡
(kJ/kgBWO75/也)

Respiratoryquotlent‡

6･0 78 10･7
14･4 143 15･2
19･9 20･6 223

27･8 29･0 29･5

0･80 0･80 0･86

0･470
0･465

0･795
0･012

7･8 0･167
5･9 0･534
3･0 0･044

0･011 0448

0･54 <001
0･49 0･654
0･69 0091

0･63 0･410

0014 0175

'Meanvaluesfrom6to8hofl1-13qLeuInfusion.
千s.E.M.-Standarderrorsofthemeans.
ⅠMeanvaluesat5･5and8hor【1-13C]LeuinruslOn.

exhaled13co2WereVlrtuallyconstantduringthelast
2hforalloftheisotopedilutionmethod(datanot
shown)IThe% varianceaccountedfわrlSOtOpeen-
richmentsduringtheperiodwere8･1,7･8and12･6,
respectively.ConcentrationsorplasmaLeuandα-
KICdidnotchangewithMPintake(Table3).The
enrlChmentsobtalned from plasma a-[1-13C]KIC
(0･022±0･0008)werelowerthanthosefromplasma
[1-13qLeu(0･031±0･0009),andtheoverallratiowas
Ol71士0･018.Therefore,plasmaLeuTR calculated
from plasmaa-ll-13C]KJCenrichmentswashigher
than thatfrom plasma l1-13C]Leu enrlChments.
PlasmaLeuTRincreased(p-0･012)withincreasing
MPintakeandwasgreater(P<0･05)forthetll-MP
dietthanfわrtheLo-MP diet,whenplasmaα-
[1113qKICenrichmentswereused.However,plasma
LeuTR wasnotin且uencedbyMPintake,when
plasma〔1-13C]LeuenrichmentSWereused.TotalLeu
oxidationrateandLeuOXpldidnotchange(p-
0･167andP-0･534,respectlVely)butLeuOXinin-
creased(p-0･044)withinCreasingMPintakeand
wasgreater(P<0･05)fortheHi-MPdietthanforthe

Lo-MPdiet.FractionalLeuoxidatlOnratedldnot

change(p-0･448)withMPintake.
WBPStendedtoincrease(p-0･091)withMPIn-
take,whenplasmaα-[ト13C]KICenrichmentswere
usedforaprecursor.However,WBPSwasnotln8u-

enced (p-0-654)by MP Intake,when plasPa
l1-13qLeuenrichmentswereused.HeatproductlOn
andresplratOryquotientwerealsonotinfluenced
(p-0･410andP-0175,respectlVely)byMPIntake,
butresplratOryquotientforHl-MPdletWasnumeri-
callyhigherthantlleLo-MPandMe-MPdiets.

DISCUSSION

OrtheisotoplCtracermethodsforwholebodyprotein
metabolism proposed,theisotopedilutionmethod
ofl1-13qLeuwithopen-circuitcalorimetryiswidely
appliedtocowsandsheepaswellashumans(Lobley

1992),becauseLeuiseither.utillZedfわrproteinsyn-
thesisoroxidizedtoCO芝Vlaα-KIC(CobeuiefaL
1991).Lapierreefa/.(1999)StudiedtheeRTectof
feedintakelevelonproteinmetabolism usingthe
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【1-13C]Leumethodingrowingbeersteersanddeter-

minedbothplasrpall-13C]Leuanda-[1-13qKICen-
richmentsForestlmationorwholebodyLeuTR,but
onlyplasmaα11-13C]KICenricbmentswereusedfわr
WBPScalculation.Inanotherstudy,Lapierreetal.
(2002)conductedthesameexperimentalprocedure
lnlactatlngCOWS,determlnedbothenrichmentsor
plasmall113C]Leuanda-ll113C]KICasprecursors,
andreportedthatLeuTRwas13-22%higherplasma
a-ll-13C]KIC enrichmentsthanplasmal1-13C]Leu
enrichmentsusedforcalculation.Matthewselal.

(1980)suggestedthatplasmaa-ll113C]KICenrlCh-
mentsshouldbeusedasanindicatoroflntraCellular

Leumetabolism.Therefわre,the[1-13C]Leumethod
wasappliedtoheifers,eitherprecursorforcalculation
orLeuTRandWBPSwasdetermined,andtheresults
obtalnedfromenrichmentsofplasmaα-[1-13C]KIC
werediscussed.

Forapplicationortheisotopedilutionmethod,
therearesomeargumentsthattheisotopeImf-used
influencesnutrientutilizationlnthebody(Anthony
etal.2000).Inthepresentexperiment,theinfusion
rateor[1-13C]Leuemployedwassimilartothatused
lngrowingbeefsteers(Lapierreelal.1999)andwas
lowerthanthatinlactatingcows(Lapierreetal.
2002).ThepooledisotopeenrichmentSOrt1-13C]Leu
andα-[ト13C]KICweresimilartothosereportedln
growlngSteers(Lapierreetal.1999),Tessarietal.
(1985)reportedthatinhumansinfuslOnOrStable
isotopeuptoapproximatelyO･100ftheLeucarbon
fluxdidnothaveaslgnlBcanteffectonLeumetab-
olism.Becausetheinfusionrateoflll13C]Leuwas
approximatelyO･02-0･030rplasmaLeuTR,theiso-
topeinfusedwouldnotinfluenceplasmaLeuTR.
PlasmaLeuTRwascomparablewiththosereported
ingrowingcows(Hammondetal.1987;Dawsonetal.
1998;Laplerreetal.1999).
Lobleyelal.(1987)studiedtheeffectofprogressive
reductionlnfわodintakeonWBPSwiththe[1-14qLeu
methodin丘nishingbeefsteersandfbulldthatfわod
intake infhenced overall protein metabolism.
DawsoneLal.(1998)studiedplasmaLeuTR ln
crossbredyoungsteersfedsixintakelevels,andob-
servedthatplasmaLeuTRincreasedwithincreased
dletaryIntake.Itwasexpectedthatbothdletaryen-
ergyandNintakein且uencedWBPS,becausetherate
ormlCrObialproteinsynthesisglVenadequateNIn-
takeisbelievedtobeproportionaltoenergyIntake
(Nolan1993;Obaraetal.1994).FuJitaelal.(2006)

appliedal2H5]phenylalaninemodeltodetermiヮe
theeffectofnon-proteinenergyIntakeonproteln
metabolism ingoatsandreportedthatWBPSwas
enhancedwithincreaslngdietaryenergyIntakeeven
whendietaryCPintakewasconstant,suggestlngthat
mlCrOblalprotein,apartorMP,lnnuencesWBPS.
Thepresentexperimentdemonstratedthat,inheifers,
plasmaLeuTRincreasedandWBPStendedtoill-
creasewithlnCreaSedMPintake,whenenrichments
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ofplasmaα-[1-13C]KICwereused.Lapierreetal.
(2002)reportedthatinlactatingcowsproducing

16kgmllk/dayincreasedMP supply(1654and
1930g/day)enhancedLeuabsorptlOnandLeuTR,
eventhoughNintakewasslmilar.Althoughthein-
crementorMPintakeinthepresentexperiment
(1:1･05:1･14)wasslightlylessthanthat(1:ト17)in

lactati.ngcows(Lapierreetall2002)andMEintake
wasslmilarbetweendiets,aslgnificantincreasein
plasmaLeuTRandatrendtolnCreaSelnWBPSwere
observed.E1-Kadietal.(2006)alsofoundthatMP
intake,increased from 75to 180g/daybyln-
traduodenalinfusionofcasein,enhancedwholebody
appearanceandnetabsorptlOnOrLeu.
Plasmavaline,glutamicacidandureaconcen-

trationsIncreased(P<0105)withincreasingMPin-
take,butplasmaam oniaconcentrationsremained
unchanged.Raggioetal.(2004)studiedtheeffectof
MPsupply(192212517g/day)onsplanchnicfluxof
amino acidsin lactatlngCOWSand fわund that
ammoniaabsorptlOnandhepaticureagenesisin-
creasedbuturearecyclingdecreasedwithlnCreaSlng
MPsupply,resllltinglnunchangedplasmaammonia
concentrationandincreasedplasmaureaconcen-
tration.Simllarchangeswouldoccurinthepresent

experi.ment･Ragg10elal.(2004)alsoobservedthat,in
lactatlngCOWS,milkproductionandarterialplasma
concentrationsorlSOleucine,Leu,lyslneandvaline
essentialaminoacidsincreasedwithincreaslngMP
supply,whereastheratioortheessentialaminoacids
inmllkproteinrelativetoportalabsorptlOnShowed
trendstoreduce.BecausetheMPrequirementln
lactatlngCOWSisconsiderablygreaterthanfわrgrow-
ingheifers(AFRC1993),nutrit10nalandphysiologi-
calstatusmaybeinvolvedinthedifferenttrends
orplasmaaminoacidconcentrations.Thenon-
slgnificantchangesinplasmainsuhnconcentrations
withincreasedMPintakeaccordedwiththeresultor

sheep(Sanoelal.2004).Inthisregard,Sano&
Terashima(2001)reportedthatinsheep,tissuere-
sponsIVeneSSandsensltivltytOlnSulintendedtobe
enhancedwithincreaseddietaryCPintake.Tesseraud
etal.(1993)studiedtheeffectofinsulinlnfusl0nOn
Leumetabolism undereuglycaemlCandeukalemjc
clampsinlactatlnganddrygoats,andreportedthat
insulinacceleratednetLeubalancemainlyduetore-
ducedproteindegradat10neventhough totalLeuflux
andnon-oxidativeLeudisposalwasunchanged.
Therefわre,ltmaybepossiblethatinsulinhaslessin-
fluenceonWBPS.

Heatproductionwascomparablewiththosere-
portedincalvesandgrowingsteers(LobleyeLal.
1987;Chwalibogelal.1996;Dernoetal.2005)and
wasllttleln且uencedbyMPintakeorisoenergetic

dietsinthepres.entexperlment･Thehlgher(butnot
significant)resplratOl.yquOtlentfortheHi-MPdiet
mightpartlyberelatedtoproteinoxldation,even
thoughthecontrlbutionasenergysourcewaslimited
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(Lobleyelal.1980).LapierreeLal(1999)reported
thatil一grOWlngbeersteers,FLeuOX increasedwlth

increasingintakelevel(9,17and20% Forlow,me-

dium andhigh intake,respectively).Lapierreefal.

(2002)determinedtheeffectofthesupplyorMPon

wholebodyLeukinetlCSandWBPSinlate-lactation

daLryCOWS,andreportedthatFLeuOXwas21･2and

16･0% fol'thehighandmiddleMPsupply,respect-

ively.Inthepresentexperiment,FLeuOXwassimilar

tothosereportedpreviouslybutdidnotincreaseslg-

ni丘cantlywithlnCreaSedMPintake.Thismaypartly

beaconsequenceofthesmalldi汀erelユCeSinMPln-

takebetweendiets.Itseemedlikelythat,inlactatlng

cows,moreamil10acidswereutilizedasanenergy

sourcewithincreasedMP supply(Lapierreetall
2002).

Inthepresentexperiment,LeuOXwasdlVldedInto

LeuOXplandLeuOXinasrepol･tedbyWolfeela/.

(1982)andGoodenough ela/(1982)whodetetmlned
LeuOXplandLeuOXinseparatelydLtringexercISeand

coldexposure,respectively,uslngbothenrlCllmelltS

ofplasma〔1-13qLeuandα-[ト13C]KIC lnbumans.
ExerciseenhancedLeuOX,LeuOXplandLeuOXin,
whereas cold exposure enhanced LeuOX and

LeuOXplbutnotLeuOXin.TheratioorLeuOXjnto

LeuOXlnhelferswascomparablewlththatreported

lnhum ans(Goodenopgh elall1982;WolfeeLa/.
1982)andLeuOXinIncreased(p-0･044)within-
creasedMPintake,whereasLeuOX andLeuOXpl

increasedon一ynl】merically.Theseresultssuggestthat

thecomponentofLeuOX thatoccursintheceltof

orlglnfrom proteincatabolism wasenhancedwith
increasedMPintake.

Itissuggestedthat,inheifers,plasmaLeuTRand

WBPSareinRuencedbyMPlntake,evenwhenthe

IncreaseinMPisI-elativelymodestandMEilltakeis
constalユー.

ThlSStudywasillpartSupportedbytheJapan

LivestockTechnologyAssociatlOn.TheautllOrSare

grateFultoK.TaylorForhiskindcomnlentSOllthis

paper･
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