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Chapterl. GeneralIntroduction

1.1. Background

Milkproductivityofdairycowhasbeenincreasedrapidlyduringthepasthalfcentury･

InJapan,mi1kyieldperyearpercowhasbeenincreaslngbylOOkgperyearduringthepast

20yearsfrom1995to2005andreachedalevelof9,000kgperyear･SurprlSlngly,high

yieldingdairycowshavealmostdoubledtheirmilkyield(>10,000kgperyear)compared

Withthoseinthe1950s･Theincreaseinmilkyieldpercowismainlyduetothecombination

Ofgeneticimprovementforhighmilkproductionandbettermentofnutritionalmanagement･

Ontheotherhand,rePrOductiveefBciencyofdairycowshasbeendecreaslngWOrldwideas

documented by a number ofrecent publications(14,22,54).According to the survey

Perfbrmedduringtheperiodfrom1976to1999inSoutheasternstatesintheUnitedState,

averageofdaysopenincreasedfrom122daysin1978to168daysin1999,Whileaverageof

milkyieldpercowincreasedlinearly(120)･First-SerViceconceptionratesinNewYorkdairy

herdsdecreasedfromapproximately65%in1951to40%in1996(13).Similartrendsare

alsooccurrlnginJapan･AccordingtothereportinDairyHerdImprovementAssociationin

Japan,aVerageOfdaysopenwere164daysin2010,Whichwas28dayslongerthanthat

recorded25yearsago･First-SerViceconceptlOnrateinmultiparousdairycowsisoftenlower

than50%･Therearemultiplefactorsthatcanafftctreproductiveefnciencyindairycows,

and situations may vary widely accordingto the nations,COuntries andindividualfarms.

Nevertheless,POOrrePrOductiveefnciencylSreCOgnizedasam往IOrChallengeincurrentdairy

industry.

TheonsetofnormalovarianCyClesisoneofthemostimportanteventsfbrthedairy

COWStOregaintheirmaximumbreedingpotentialfo1lowingparturition(66).However,reCent

Studies reportthe retardresumption ofovarian cyclicity(18,55)and
highincidence of
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OVarian disturbance duringthe earlypostpartumperiodinhigh-yielding cows(66).Some

reproductivetraitssuchascalvinglnterVal,daysopenanddaystofirstservicewerereported

tobenegativelycorrelatedwithmilkyield(76,77).Duringtheearlylactationperiod,the

mobilizationofbodyreservesformilkproductioninducesanegativeenergybalance(NEB).

NEB are knownto negatively afftctthe normaldevelopment offo11iclesanddelays丘rst

OVulationthroughtheinhibitionofgonadotropin-releasinghormone(GnRH)releasefromthe

hypothalamus(15)and the reduction ofmetabolic hormones such asinsulinlike growth

factor-1(IGF-1)inblood(98,102).Evenwhenlactatingcowsresumeovariancycles,the

COnCePtionratefo1lowingAIismarkedlylowerthanthatinheiftrs(3,77,78).Forexample,

Pryceetal.(77)reviewedthatconceptionratesto丘rstservicewas64%and71%inmaiden

heifbrsofhighandaveragegeneticmerit,WhereasconceptlOnrateSWere39%and45%in

lactatlngCOWSOfhighandaveragegeneticmeritinthe sameherd.Thissuggeststhatany

alterationsin metabolic and nutritionalstatus associated with high milk production may

innuenceovarianfunctionandconsequentialftrtilityofdairycows.

Theovariancycleiscentraltoreproductivefunctioninmammals.Itischaracterizedby

thefo11iculardevelopmentandovulationaswe11astheformation,functionandregressionof

the corpusluteum(CL).The mainfunction of the CLis to synthesize and secrete

PrOgeSterOne,Which regulates the estrous cyclelength and maintains pregnancyln many

SPeCies･Pituitaryderivedgonadotropins,fo11icle-Stimulatinghormone(FSH)andluteinizing

hormone(60),aretheprimaryregulationoffblliculardevelopment,丘nalfb11icularmaturation

andCLfunction(101)･ThepreovulatoryLHsurgecausesdifftrentiationoffo11icularcells

intolutealcells,andpulsatilesecretionofLHinpost-OVulatoryperiodisrequiredforthe

functionaldevelopment ofthe CLin cattle(71,79)and other ruminants(4,45).Luteal

SeCretion ofprogesteroneis essentialto successfu1pregnancy,including ovulation ofa

healthy oocyte,maintenance of uterine quiescence,and survivalof the embryo/fttus.
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Previousstudiesinvestlgatlngtherelationshipbetweenprogesteroneconcentrationfo1lowlng

arti丘cialinsemination(AI)andconceptionratefoundthatabnormalprogesteronepro丘1es

suchasdelayedprogesteroneriseaRerovulationandlowprogesteroneconcentrationduring

thelutealphase can reduce fヒrtility oflactating dairy cows(37,49)･Furthermore,the

influenceofcirculatingprogesteroneconcentrationsonpreovulatoryfo11iculardevelopment

and subsequent ftrtility has been gradua11y revealed uslng OVarian ultrasonography･In

general,tWOOrthreefo11icularwavesoccurduringthenormalestruscycleincattle(42)･

Recent studiesfoundthatftrtilitytendedtobegreaterinlactatlngCOWSinseminatedafter

ovulation of the third wave dominant fbllicle compared with thoseinseminated after

ovulationofthesecondwavedominantfbllicle(1,8).Theseresultssuggestthatincreased

duration ofovulatoryfo11icle developmentfrom the time ofemergence to ovulation can

reducethepregnancyratesfbllowlngAIindairycows,PrObablybycompromlSlngOOCyte

developmentalcompetence.

Estrusdetectionisanotherkeycomponentfbrsuccessfu1reproductivemanagementin

dairyherds･Ingeneral,eStruSdetectionisprlmarilybasedontheobservationofstanding

behaviorofcow(21,28).Cowinestrusmayalsoshowothersecondarysignsofestrus･For

example,theyexpressmoreagonisticinteractions,andspendmoretimewalkingandless

time eating and resting(38).Tbgetherwiththe
behavioralsigns ofestrus,SOme genital

changesmaybeobserved,SuChasmucusdischargesfromthevulva,hyperemiaandswe11ing

ofthevulvaandvagina(28).Accordingtotechnicalliterature(72),thetargetdetectionrateof

estrusissuggestedtobe80%,butffequentlyitislessthan60%inrecentreports(47,57,113)･

Thelowdetectionrate ofestrusisconsideredto be mainly due to changesinbehavioral

aspects ofmodern dairy cows suchas shorterdurationofestrus andpoorexpression of

standingestrusandotherestroussigns(23,113,114,129)･Thecausesofpoorexpressionsof

estrus and estrous slgnSin modern dairy cows have beeninvestlgated with relevance
to
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endocrineaspects,herdmanagementOreStruSdetectionmethods.Studiesonendocrineevents

around estrus and ovulation have revealed that alterationsin the concentrations ofovarian

SterOidsandgonadotropinsmayinfluenceexpressionofestrusandestroussigns(52,57,130).

Lopez et al.(52)reported that estradiol-17βconcentrationsat estrus and
duration and

intensltyOfestruswereinverselya脆ctedbythelevelofmilkproduction.Tbovercomethe

PrOblem of estrus detectioninlactatlng COWS,anintegrated approachis essentialto

understand comprehensively howlactation status caninfluence endocrine pro丘1es around

estrus,timlngOfovulationandappearanceofbehavioralandgenitalestrousslgnS.

Ingeneral,OnSetOflactationaftercalvinglnVOIvesgreaternutrientrequlrementformilk

PrOduction.Increased milk production and resultant greater ftedintake enhance the

gastrointestinalandliverfunction,anditaccompaniestheincreaseinbloodflowthrough

gastrointestinalorgansandliver(51,88).Arecentstudyhasdemonstratedthatlactatingcows

had higherliver blood flow and greater metabolic rates of steroid hormones than

non-1actatingcows(93),inwhichthebaselineliverbloodflowwasabouttwotimesgreater

inlactatingcows(1,6001/h)ascomparedtonon-1actatingcows(8001/h),andtherewasa

high correlation between theliver blood flow and the metabolic clearance rate of

PrOgeSterOne･Increasedmetabolicratesofestradiol-17βandprogesteronearehypothesizedto

lowercirculatingconcentrationsofestradiol-17βandprogesteroneduringtheestrouscycles

inlactating dairy
cows(93,125).Inparticular,the ef托ct ofprogesterone metabolism on

Circulatingprogesteronewasclearlyobservedinassociationwithfbeding(60,80,115),in

Whichtherewasanacutedecreaseincirculatingconcentrationsofprogesteroneafterfteding･

Therefbre,itis suggested that alterationsin circulating hormone concentrations due to

increasedsteroidmetabolismcaninnuencevariousreproductiveparameterssuchasfollicular

andlutealdevelopment,eXPreSSionofestrusandestrousslgnS,aSWellasconceptlOnrateS

払1lowlngAI.
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Tbkenthese丘ndingstogether,thegreatincreaseinmilkyieldofdairycows,Whichwere

mainly due to both genetic and managementimprovement,might haveinduced some

undesirablechangesinthereproductivephysiologyofdairycows.Inparticular,metabolic

andnutritionalchangesassociatedwithlactationcandirectlyinfluenceovarianfunctionof

SterOidogenesisindairycows,Orindirectlyinfluencecirculatinghormoneconcentrationsby

theincreasedsteroidmetabolism.However,theinteractionshavenotbeenclearlydefined.Tb

dealwithreproductiveproblemsinmoderndairycows,theinfluenceoflactationonfo11icular

andlutealdevelopment andtheirfunction,eStrOuS SlgnS andrelated hormonalpro丘1esin

dairycowsisneededtobecomprehensivelystudied.
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1.2. Objectives

Inthispresentdissertation,OVarianfo11icularandlutealdynamics,endocrinepatternsof

OVarian steroids and LH duringthe estrous cycles and expressions ofestrous slgnSWere

COmParedbetweenlactatingandnon-1actatlngCOWStOeXaminetheinfluenceoflactationon

those observations.In particular,Circulating dynamics ofprogesteroneincluding secreted

StatuS andits metabolic status were studied during the mid-1utealphase,and the role of

Pulsatile LH secretion onlutealfunctionwas also examined.Finally,the obtainedresults

fromthesestudieswillprovidesomeinsightsaboutthecausesoflowftrtilityandcontribute

todevelopstrategleSbywhichbothhighproductivltyandgoodftrtilitycanbemaintained

Satisfhctorily.

Thespeci丘caimsofthestudiesinthepresentthesisareasfo1lows:

1)ThestudyinChapter3wasdesignedtocomparethefb11icularandlutealdynamicsand

OVariansteroidconcentrationsduringtheestrouscyclesandLHsecretionpatternduring

theearlytomid-lutealphasebetweenlactatlngandnon-1actatlngdairycows.

2)The studyin Chapter4was designed to compare the fbllowingsfromluteolysis to

OVulationbetweenlactatingandnon-1actatlngCOWS;PrO丘1esofovariansteroidsandLH

andtheappearanceofbehavioralandgenitalestrousslgnS.

3)ThestudyinChapter5wasdesignedtocomparetheprogesteronepro丘Iesatthesecreted

levelandthecirculatinglevelinlactatlngandnon-lactatlngdairycowswithreftrenceto

ftedingandtoexaminetheassociationbetweenLHandprogesteronesecretionpatterns･

4)ThestudyinChapter6wasdesignedtodeterminetheassociationofLHpulseswith

lutealprogesterone secretioninlactatlngdairycowsby examinlngWhetherincreased

frequencyofLHpulseswouldstimulateprogesteronesecretion.
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Chapter2. GeneralMaterialsandMethods

2.1.Animals

Lactatlngandnon-1actatlngCyClingHoIsteindairycowsmaintainedatthedairyfarmof

theTbkyoUniversltyOfAgricultureandT七clm0logywereusedinthestudy.Thelactatlng

COWSWerehousedinafree-Sta11withopen-airandshelteredareas,milkedtwiceatO900and

1700h.Themilkyieldperlactationpercowintheherdwasaround9,000kg.Thedailymilk

yields were recorded withanautomatic monitorlng SyStem atthemilking parlor,and are

PreSentedineachChapter.Thenon-1actatlngCOWSWererearedinapaddockortiestallsand

SPent atleast one month after dry offbefbre being su切ected
to the study.They were

maintained fbr experimentalpurposes and con丘rmed clinically to have no general

reproductive problems before being asslgned to the study.Dietsfor thelactatlng and

non-1actatlngCOWS WereformulatedaccordingtotheJapanese fteding standardsfordairy

Cattle(2006).Thelactatingcowswereftdatotalmixedration(TMR)basedonSudanhay,

alfalfa hay cubes,COrn Silage,and concentrate supplements after the milking.The diet

COntained73.1%totaldigestiblenutrientsand16.2%crudeproteinonadrymatterbasis.The

non-1actatlng COWS Were fbd7.O kgofSudanhay and3.O kg ofconcentrate supplements

(73.0%totaldigestible nutrients and18.0% crude protein).At the
begimming of each

experiment,bodyweights(BW)weremeasuredwithanelectronicscale(TRU一丁bstEC2000,

F両ihiraIndustry,Co･Ltd.,Tbkyo,Japan),andbodyconditionscores(BCS)wereassessed

basedonafive-POintscale(1=emaCiatedand5=Obese)asdescribedbyEdmonsonetal.

(26).

Thecowswereconnrmedtobeclinicallyhealthyandhavenormalestrouscyclesbefbre

thestudy,AllprocedureswereapprovedbytheUniversltyCommitteefbrtheUseandCareof

AnimalsofTbkyoUniversityofAgricultureandTeclmology(Nos.23-40and23-88).
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2･2･ Ovarianultrasonography

PriortotheexperimentsinChapters3-6,OVariesweremonitoredbyrectalpalpation

andtransrectalultrasonographyeveryotherdayordailyto checkthenormalityofestrous

CyCle and to determine the time of spontaneous ovulation(Day O).Transrectal

ultrasonography was carried out using a B-mOde scanner(Ultrasonic
Scanner HS-101V

HondaElectronics,Co.,Ltd.;Aichi,Japan)equippedwitha5.0-MHzlinear-arrayPrObe.All

fo11iclesandCLthatgrewtolargerthan6mmindiameterWerereCOrdedbyatleastthree

CrOSS-SeCtionalimageswithmaximalareas.

The dominantfo11icle was de丘ned as thelargest growlngfo11iclein a wave,and

Subordinate cohort of fbllicles(SF)was de丘ned as a cohort offo11icles that emerged

Simultaneouslywiththedominantfbllicle.Thedayofemergenceofawavewasasslgnedas

thedayonwhichatleastonefo11icleofthewavewasdetected.Durationofthefirstwavewas

de丘nedastheintervalfromthedayofemergenceofthe五rstwavetotheemergenceofthe

second wave.Growthrate ofthe dominantfo11icleofthe firstfbllicularwavewascalculated

bydividingthetotalchangeindiameterofthedominantfo11icleduringthemonitorlngPeriod

bythegrowthperiod.Thegrowthperiodofthedominantfolliclewasde丘nedastheperiod

betweenitsemergenceandthedayonwhichitreacheditsmaximaldiameter.

Measurementsoffo11iclesandCLwereusedtocalculatethediameter(meanoflength

[L]and width[Wl)and the volume(V).Vblume was calculated with theformula:V=

4/3×7tXR3,uSingaradius(R)calculatedbytheformula:R=(L/2+W2)/2.ForCLwitha

fluid-nlledcavlty,thevolumeofthecavltyWaSSubtractedfromthetotalvolumeoftheCL,

andthe estimateddiameterofCLwas calculatedbackfromthevolumeoftheCL.Forcows

having two CL a氏er double ovulations occurred,the mean diameter ofthe two CL was

calculated.
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TheinitiationofluteolysiswasdeterminedasdescribedbySartorietal.(96)withsome

modincationsasfo1lows:itwasconsideredtohaveinitiatedonthedaybeforethedayon

Which the diameter ofthe CL decreasedfor three consecutive days as determined by

ultrasonographyandtheplasmaprogesteroneconcentrationdecreasedtolessthan50%ofthe

averagefor thefour maximum concentrations measuredin the cycle and continued to

decrease.

2.3. Bloodsamplingfromthejugularvein

Blood samples(10ml)obtained daily or every other day were co11ectedbyjugular

Venipunctureinto heparinized
vacutainers(VenqjectII,T七rumo,Tbkyo,Japan).Blood

SamPles(60rlOml)obtainedat15-minintervalsinChapters3and5,12-minintervalsin

Chapter6,and3-hintervalsinChapter4werecollectedfromacatheter(14gauge,30-Cm

length;MedicutCatheterKit,NipponSherwoodMedicalIndustries,Tbkyo,Japan)inserted

into theJugular vein･Catheterization was perfbrmed on the day of blood samplingln

Chapters3and4,OrOnthedaybeforethebloodsamplinginChapters5and6.Duringthe

bloodsampling,thecatheterwas丘IledwithlOIU/mlofheparinizedsalinetopreventthe

COagulation.Blood samples(6ml)were co11ectedfrom the catheterinto test tubes that

COntainedlOIUheparin.Plasmawasseparatedbycentrifugationat3,000rpm(1,750×g)for

20minat40Cimmediatelyafterthebloodcollectionandfrozenat-200Cuntilassay.

2.4. Bloodsamplingfromthecaudalvenacava

Catheterizationintothecaudalvenacavawas conductedaccordingtothemethodof

Normanand Fields(65)with somemodi丘cations.Allprocedureswereimplemented after

milkinglnthemomlng.Practically,COWSWerereStrainedinatreatmentsta11andsedatedwith

20mgofxylazine(Celactal;Bayer,Tbkyo,Japan),andepiduralanesthesiawasachievedby

9



irtjectionof4･5mlof2%1idocainehydrochloride(Xylocaine;AstraZeneca,Osaka,Japan).

The coccygealvein was punctured uslng a20-gauge needle equlPPed with a catheter

introducerkit(Radifocus⑧introducerIIH,Ttrumo,Tbkyo,Japan;Fig.2-1)andamini-Wire

(0･64mmindiameter;45cminlength)waspassedthroughtheneedleandadvanCedintothe

Vein･Theneedlewasthenremovedandasheathwaspassedoverthemini-Wireandplaced

intothevein･Afterthemini-Wirewasremoved,ahydrophilic-COatedguidewire(Radifbcus㊤

guidewireM;0.46mmindiameter;150cminlength;Terumo,Tbkyo,Japan;Fig.2-2,A)

WaSthreadedintothelumenofthecoccygealveinthroughthesheathtowardthecaudalvena

CaVa.Then,aCatheter(Optiflash㊤XL;insidediameter,1.12mm;OutSidediameter,1.35mm;

110cminlength;T七rumo,Tbkyo,Japan;Fig.2-2,B)waspassedthroughthecoccygealvein

uptothelOOcmlengthwiththewireguideinplace.Oncetheguidewirehadbeenpulledout,

ninebloodsamples(6ml)weretakenevery5cmfromlOOto60cmlengthofthecatheter

insertedintothevein.Afterthelastbloodsamplehadbeentaken,thecatheterwasre-inserted

uptolOOcminlengthandwrappeduslngadhesivebandagewiththetail.Thecatheterwas

丘11edwithlOOIU/mlofheparinizedsalinetopreventthecoagulation.A氏era11procedures

WereaCCOmPlished,COWSWerereleasedandfbdtheirmornlngdietatllOOh.Obtainedblood

SamPles were centrifuged at3,000rpm(1,750×g)for20minat40Cimmediately after

SamPlingandplasmawasharvested.Plasmaconcentrationsofprogesteronefortheobtained

SamPleswereanalyzedbydouble-antibodyenzymeimmunoassay,Wheretheincubationtime

Wa$Shortened fbrrapidmeasurement.The
catheterwas a4justedtothelengthwhere the

PrOgeSterOne COnCentrationintheobtainedblood sample showedthehighestvalue.Some

examplesareshowninFig･2-3.Duringthebloodsampling,thecatheterwas丘11edwithlO

IU/mlofheparinizedsalinetopreventthecoagulation.Bloodsamples(6ml)werecollected

fromthe catheterinto testtubesthat containedlOIU heparin･Plasmawas separatedby
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Centrifugation at3,000rpm(1,750×g)for20minat40Cimmediately afterthe blood

CO11ectionandfrozenat-200Cuntilassay.

2･5･ Ⅲormoneassays

2･エJ･励血血トJ軍

Estradiol-17βwas measuredin plasmaby double-antibody radio-immunoassay using

125I-labeledradio-1igandasdescribedpreviously(110).Anti-eStradiol-17β-Sheepserum(GDN

No･244)was suppliedbyDr･G･D.Niswender,AnimalReproductionandBiotechnology

Laboratory,ColoradoStateUniverslty,U.S.A.Theantiserumwasdilutedto x500,000with

Phosphate bu飴red saline(PBS)containing O.05M ethylene-diamine-tetra-aCetic acid,

disodiumsalt(EDTA)andO･25%normalsheepserum.Anti-Sheepgammaglobulindonkey

Serum(ASGG)wasdilutedto x40withO.05MEDTA-PBSandpolyethyleneglycol(PEG)

wasaddedtoa丘nalconcentrationof5%.

Theassayprocedureforestradiol-17βissummarizedinFig.2-4.Standardestradiol-17β

(Sigma,MO,USA)wasdilutedtoatotalvolumeofl,000ト11withl%bovineserumalbumin

(BSA:Sigma-Aldrich,Co･,MO,USA)inPBS･Thel,000ト1lofstandardandplasmasamples

WerePlacedin13×100mmdisposableculturetubesandextractedoncewith2mlofdiethyl

ether(Wako,Pure Chemicalindustries,Ltd･,Osaka,Japan).The tubes were mixed by

direct-mixture(ThermalKagakuSangyoCo.,Ltd.,Tbkyo,Japan)intermittentlyfor5minutes

andallowedtoremainformorethanlOmintoseparatediethyletherandaqueouslayers･

Then,the tubes were placeinacooledethanolbath(approximately-400C)tofroze the

aqueouslayer･TheetherlayerwasdecantedintolO x75mmculturetubesanddriedbya

Centrifugalizedevaporator(Sakumacorporation,Tbkyo,Japan)at700Cfbr15 min.Then,

0･25mlof50%methanolandl.Omlofn-hexane(Vhko,Pure Chemicalindustries,Ltd.,
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Osaka,Jqpan)wereaddedtothetubeandcentrifugedat3,000rpm(1,750×g)for5minat4

0C･Thehexanelayerwasasplratedandtheextractionwasdriedat700Cfor40min.

Thedriedsampleswerere-dissoIvedin250トLlofl%BSAinPBSandmixedfbr5min.

Ahundredト↓lofthere-dissoIvedsampleandlOOplofthedilutedsolutionoftheprlmary

antibodywereaddedtoal.2mlmicro-titertube(MolecularBioProducts,Inc.,California,

USA)andmixed,andincubatedat40C fbr24h.Then,100L1lofdiluted125I-1abelled

estradiol-17β (Estradiol-6-(0-Carboxymethyl)-OXimino-2-(2-[125I]-iodo-histamine),MP

Biomedicals,Inc.,CA,USA)wasaddedtoeachtube,andthetubewasmixedandincubated

at40Cfor24h.AhundredofthedilutedsolutionofASGGwasaddedtoeachtube,andthe

tubewasmixedandincubatedat40Cfbr24h.Afterthat,thehormoneboundantibodywas

SeParatedfromthefreehormonebycentrifugationat3,000rpm(1,750×g)for30minat4

0C.The supernatant was asplrated and the precIPltate WaS COuntedin an automatic

gamma-SPeCtrOmeter(Cobra,Packard,MN,USA).

2.∫.2.上〟ね∫〝たゎgJわr椚〃〃g

Bovine LH was measuredin plasma by double-antibody radio-immunoassay uslng

125I-labeledNIADDK-OVineLH-I-3astracer(46).USDA-bLH-1wasservedasastandard.

Anti-OVine LH rabbit serum(YM No.18)was used as the丘rst antibody and diluted to

X60,000with O.05M EDTAin PBS containlng O.25%normalrabbit serum.Anti-rabbit

gammaglobulingoatserum(ARGG)wasusedasthesecondantibodyanddilutedto x200

withO.05MEDTAinPBSandPEGwasaddedtoa丘nalconcentrationof3.5%.

The assayprocedure fbrLHis summarizedinFig.2-5.Ahundredい･lofplasmaand

Standardwereplacedinal.2mlmicro-titertube(MolecularBioProducts,Inc.,Califomia,

USA),andlOOトLlofl%BSAin PBS and50L1lofthe diluted solution ofthe primary

antibodywereaddedtoeachtubeandmixed.Thetubeswereincubatedat40Cfbr24h.Then,
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50plofdiluted125I-labe11edovineLHwasaddedandmixed,andthetubeswereincubatedat

40Cfor24h.AhundredofthedilutedsolutionofARGGwasaddedtoeachtube,andthe

tubewasmixedandincubatedat40Cfor24h.Afterthat,thehormoneboundantibodywas

SeParatedfromthe丘eehormonebycentrifugationat3,000rpm(1,750×g)for30minat4

0C.The supernatant was asplrated,and the precIPltate WaS COuntedin an automatic

gamma-SPeCtrOmeter(Cobra,Packard,MN,USA).

2.エj.乃一〃gg∫ねr()〝g

Progesterone was measuredin plasma by a double-antibody enzymeimmunoassay

accordingto thepreviouslydescribedmethod(73).The assaywasperformedusingrabbit

anti-PrOgeSterOne antibody(UCB Bioproducts,Brussels,Belgium)and horseradish

PerOXidase-COrjugatedprogesterone.Micro-titer96-We11immunoplates(Nunc-ImmunoPlate

Maxisorp,Roskilde,Denmark)wereusedasthesolidphase.Wellsoftheimmunoplateswere

COated withlOOト1lof5トLg/mla抗nity-Puri丘ed anti-rabbit goatIgG antibody(Jackson

Immuno Research,West Grove,PA,USA)incarbonate bufftr.Theplateswereincubated

OVernightatroomtemperature.Then,thesolutionwasreplacedto200ト1lofO.1%BSAin

PBSandkeptlnarefrigeratorfbrlateruse.

TheassayprocedureforprogesteroneissummarizedinFig.2-6.Standardprogesterone

(Sigma,MO,USA)wasdilutedtoatotalvolumeof50トtlwithO.1%BSA-PBS.The50L1lof

Standard and plasma samples wereplacedin13×100mm disposable culture tubes and

extracted once withlmlofdiethylether(%ko,Pure Chemicalindustries,Ltd.,Osaka,

Japan).Thetubesweremixedbydirect-mixture(ThermalKagakuSangyoCo.,Ltd.,Tbkyo,

Japan)intermittentlyfor5minutesanda1lowedtoremainformorethanlOmintoseparate

diethylether and aqueouslayers.Then,the tubes were placein a cooled ethanolbath

(approximately-400C)tofrozetheaqueouslayer.TheetherlayerwasdecantedintolOx75

13



mm culturetubes and driedby acentrifugalized evaporator(Sakumacorporation,Tbkyo,

Japan)at700Cfor15 min.Then,thetubeswererinsedwithO.5mlofdiethyletherand

driedagainfor5min.

Thedriedsampleswerere-dissoIvedinlOOトLlofl%BSA-PBS.Thesolutioninthe

We11s oftheimmunoplate was discarded and washed two times with O･05%Tween80

(Becton,DickinsonandCompany,MD,USA)solution,andlOトtlofsampleswereaddedto

thewells.Tbthesewells,100巨lofdilutedhorseradishperoxidase-COrt)ugatedprogesterone

PreParedinourlaboratorywasadded,andthenlOOトtlofdilutedantl-PrOgeSterOneantibody

WaS added.The plate was sealed with adhesive丘1m andincubatedfor24h at40Cin

refrigerator.Afterincubation,thewellswerewashedfburtimeswithTween80solution.Then,

100トtlofdilutedtetramethylbenzidine(TMBZ,Wako,PureChemicalindustries,Ltd.,Osaka,

Japan)solutionwasaddedasperoxidasesubstrate,andtheplatewasincubatedfbr40minin

dark.ThereactionwasstoppedbyadditionoflOOトIlof4NH2SO4.TheoptlCaldensltyWaS

measuredat450nminamicro-Platereader(Mode1680;BIO-RAD,rIbkyo,Japan).

2.6. Statisticalanalyses

AllexperimentaldataarepresentedasmeanandSD.Thedatawereanalyzeduslngthe

StatisticalsoftwareprogramSPSSfbrWindowsversion20.0.AnalysISmethodsusedinthe

StudiesweredescribedineachChapter.

Fortheidenti丘cationofLHpulsesinfiequentlyco11ectedsamplesinChqpters3,5and6,

aclusteranalysisprogramwas used(116).The clusteralgorithm searchedfor signi丘cant

increasesanddecreasesamongdatapolntSinaseriesviapooledt-teStS.PatternSOfLHpulses

difftredbetweenthestagesoftheearlyandthemid-lutealphaseaspreviouslyreported(82),

andthefollowlngCriteriawereusedforefftctivedetectionofpulses.FortheanalysisofLH

Pulses onDays2-6,2polntS Were uSedforthe determination ofapeakandlpolnttO
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establishanadir･FortheanalysISOfLHpulsesonDays8and14,2polntSWereuSedforthe

determination of a peak and2polntS tO eStablish a nadir.For theidentification of

PrOgeSterOnePulsesinbloodcollected丘omthe caudalvenacavaandthejugularveinin

Chapters5and6,thesameprocedurewasusedastheidenti丘cationofLHpulsesonDays8

and14･CharacteristicsofpulsatilepatternsofLHandprogesteronewereanalyzedintermsof

meanconcentration,Pulsefrequency(numberofpulsespersamplingperiod),Pulseamplitude

andbasallevel.Pulseamplitudewascalculatedbysubtractlngthemaximalconcentrationofa

Pulsefromtheconcentrationprecedingthepulseandexpressedasng/ml.

InChapters5and6,temPOralrelationshipsbetweenpulsesofLHinthejugularveinand

PrOgeSterOneinthecaudalvenacavaweredeterminedaccordingtothemethoddescribedby

Rhodesetal.(89),WherethepercentageofLHpulsesthatwerefbllowedbyaprogesterone

Pulsewithin60minofthepeakoftheLHpulsewascalculated.Inaddition,thepercentageof

PrOgeSterOnePulsesthatfo1lowedaLHpulsewithin60minofthepeakoftheLHpulsewas

Calculated.Di鮎rencesbetweengroupsortreatmentsweretesteduslngChi-SquaredanalysIS

orFisher'sexacttest.
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Fig.2-1Catheterintroducerkit(Radifocus㊤introducerIIH,Tbrumo,Tbkyo,Japan)usedfor

catheterizationintothecaudalvenacava.
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Fig･2-2Hydrophilic-COatedguidewire(Radifocus⑧guidewireM;0.46mmindiameter;

150cmin1ength;Tbrum0,Tbkyo,Japan;A)andcatheter(OptinaLSh㊥XL;insidediameter,

1･12mm;OutSidediameter,1.35mm;110cminlength;TbrumO;B)usedforcatheterization

intothecaudalvenacava.
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Fig.2-3Progesteroneconcentrationsinbloodcol)ectedfromthecauda]venacava(CVC)atdiffbrent

Catheterinsertionlengthinlactating(OpenCircles,1e允panels)andnon-1actating(filledcircles,right

Panels)cows examilledin Chapter5.The progesterone concentrationin thejugular blood(JV)

CO11ectedatthetimeofcatheteriIISertionwereindicatedbysquareinthegraph,withopen square

(lactatingcows)andn11edsquare(non-lactatingcows).ThecatheterfbrCVCwas石nally石xedatthe

lengthshowingthehighestvalueofprogesteroneinindividualcows(arrowhead).
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Chapter3.Comparisonbetweenlactatingandnon-1actatingcowson

fblliculargrowthandcorpusluteumdevelopment,andendocrinepatterns

Ofovariansteroidsandluteinizinghormoneintheestrouscycles

3.1. Introduction

Theovariancycleiscentraltoreproductivefunction･Itischaracterizedbythefollicular

developmentandovulationaswellasthefbrmation,functionandregressionoftheCL･The

onset ofnormalovarian cyclic activltylS One Ofthe essentialeventsfor reproductionin

lactatlngdairycows.However,OVariandisturbancessuchasanovulation,formationofcystic

OVaries,andshortorprolongedlutealphaseareobservedatahighrateinhigh-yieldingcows

during the early postpartumperiod(66).Even whenlactating cows shownormalestrous

CyCle,theconceptlOnratefbllowlngAIismarkedlylowerthanthatinheiftrs･Whilethereare

manyriskfactors fbrlowftrtilitylnlactatlngCOWS,1tis suggestedthatdifftrenceinthe

endocrine and metabolic characteristics betweenlactatlng and non-lactatlng COWS may

directlyinfluencetheovarianactivitiesofsteroidogenesis(17).Alternatively,theincreased

metabolic rates ofsteroid hormones associated withlactation(93,125)could also have a

greatinnuenceoncirculatingconcentrationsofthesehormonesandsubsequentfbrtilityln

lactatlngdairycows.

Incattle,LHhasanessentialroleinthedevelopmentandfunctionoftheCL(71,79).

Duringthelutealphase,PrOgeSterOneSeCretedfromCLregulatesfo11iculardevelopmentvia

negative-fbedbackcontrolonpulsefrequencyofLHsecretion(48).Studiesusingexogenous

PrOgeSterOne treatment have shown that LH pulsatile secretionincreases underlow

PrOgeSterOne COnCentrations,Which resultin prolonged growth ofdominantfollicle and

reducedftrtilitya氏erovulation(11,87).Thissuggeststhatlowcirculatingconcentrationsof

PrOgeSterOne reSultingfrom subnormallutealfunction(30)orincreased progesterone
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metabolism(93,125)could
be associated withinadequatefo11icular development during

SPOntaneOuSeStrOuSCyClesincows.

Therefbre,theo切ectiveofthepresentstudywastoexaminetheinnuenceoflactation

OnOVarianfunctionandrelatedhormonepro丘1es,bycomparlnglactatlngdairyHoIsteincows

With non-1actatlng OneSin terms offo11icular andlutealdynamics,OVarian SterOid

COnCentrations,andLHsecretionpattern.

3.2. Materialsandmethods

j.2.J. d〟加2α血

Fivelactating(OnePrimiparousandfourmultiparous;4.4士2.2yearsofage;98.0士11.1

dayspostpartum;28.4±3.2kgofdailymilkyield)andfivenon-1actating(OnePrimiparous

andfburmultiparous;5.8士2.2yearsofage;381.0士112.1dayspostpartum)wereusedin

thisstudy.Twooffivenon-1actatlngCOWSWererearedinapaddock,andtheremalnlngthree

non-lactatlngCOWSWererearedintie-Stalls.AtthebeglnnlngOfthestudy,BWwere650.0±

41.1and671.6士52.9kgfbrlactatingandnon-lactatingcows,reSPeCtively(P>0.1),and

theirBCSwere3.3土0.2and3.3j=0.3,reSPeCtively(P>0.1).BodyweightsandBCSdidnot

Change slgni丘cantlybetweenthebeglnnlngandtheendofthe studyinbothlactatlngand

non-1actatlngCOWS.

j.2.2.且甲ピアわ‡g〃ねノダr〃Cgd〟rg

The study was conducted during two consecutive estrous cycles(Day
O:day of

OVulation).The丘rstcyclewasde丘nedastheperiodfromthedayofinitialovulationuntilthe

dayofthefbllowingovulation(secondovulation),andthesecondcyclewasde丘nedasthe

Periodfromthedayofsecondovulationtothedayofthirdovulation･Fortheanalysesof

fo11icularandlutealdevelopment,OVarianultrasonographywasperformeddailythroughthe
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experiment as describedin Chqpter 2･For the analyses of progesterone and

estradiol-17βconcentrationsinplasmaduringtheestrouscycles,bloodsamples(10ml)were

CO11ectedbyjugularvenlPunCture
dailythroughoutthe study.Further,forthe analyses of

PulsatilepatternsofLHandprogesteroneconcentrations,bloodsampleswerecollectedviaa

jugularcatheterat15-minintervalsfor8h(1000to1800h)ondays2,4,6,8and140fthe

SeCOndcycle.Theobtainedbloodsampleswereprocessedforhormoneassaysasdescribedin

Chapter2.

j.2.j.d∫∫り′∫

Estradiol-17β,PrOgeSterOneandLHweremeasuredinplasmaasdescribedinChapter2.

Fortheestradiol-17βassay,theintra-andinterassaycoe抗cientsofvariationwerelO.1%and

13.0%,and the sensitivlty WaS O.92pg/ml.For the progesterone assay,theintra-and

interassaycoefncientsofvariationwere3.4%and7.4%,andthesensitivltyWaSO.03ng/ml.

FortheLHassay,theintra-andinterassaycoefRcientsofvariationwere6.1%andll.9%,and

thesensitivltyWaSO.09ng/ml.

j.2.4 ぶねぬ如αJα〝α少∫由

Inthepresent study,tWO eStrOuSCyClesineachcowwereconsideredasindependent

Observations and comparison was made betweenlOlactatlng COW reCOrds andlO

non-lactatlng COW reCOrds.Tb assess sequentialdata oflutealdiameter and hormOne

COnCentrations,tWO-WayANOVAwithrepeatedmeasureswasusedfordeterminlngthemain

efftctsofgroupanddayandtheirinteraction.Whenslgnificantdif托renceswere detected,

Tukey'sposthocfo1low-uPteStOrStudent'st-teStWaSuSedtodetectslgni丘cantdifftrences

amonggroupswithindaysandamongdayswithingroups.Toassessdataforthedevelopment

Ofdominant fbllicles suchasfo11iculardiameterand durationofafbllicularwave,eStrOuS
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CyClesweresubdividedaccordingtothenumberoffo11icularwaves(twoorthreefo11icular

WaVeS,See Fig.3-1).Then,the statisticaldi脆rence was analyzed by one-Way ANOVA

fo1lowedbyStudent'st-teSt.PercentageofcyclesinwhichatleastoneSFgrewtomorethan

lO mmin diameter was compared between groups by Fisher's exact test.For the

identi丘cationofLHpulsesinthesamplescollected丘equentlyonDays2,4,6,8,and14,a

Clusteranalysisprogram(116)wasusedasdescribedinChapter2.

3.3. Results

j.j.J.上〟おαJ(おγgJ甲沼g〃′α〃〟クr〃gg∫Jgr〃〝gC(,〃Cg〝かα′わ〃血ア加g′如甜Jア〃〟∫αCJ由

Thelengthofestrouscycledidnotdifftrslgni丘cantlybetweenlactatlngandnon-lactatlng

COWS(22.6士2.5vs.21.3士0.8days;mean土SD).Changesin
CLdiameterandplasma

PrOgeSterOne COnCentrationsfrom Day O to14are shownin Fig.3-2.Comparison of

PrOgeSterOne COnCentrations was made on samples collected once a day.Lactatlng COWS

developedlargerCLindiametercomparedwithnon-1actatingcowsonDays8-14(25.4±

1.8vs.23.5士1.5mm,P<0.01).Moreover,difftrencesbetweenlactatingandnon-lactating

COWSWere detectedinboththemaximalCLdiameter(26.3士2.5vs.23.9士1.5mm,P<

0.05)andthemaximalCLvolume(9239.Oj=2084.Ovs.7182.7士1319.2mm3,P<0.05).

Meanprogesteroneconcentrationinthesamplesco11ecteddailyfromDayOto7didnotdi脆r

Signi丘cantlybetweenlactatingandnon-lactatingcows(1.6士1.2vs.1.5j=1.1ng/ml;Fig.

3-2).However,meanPrOgeSterOneCOnCentrationinplasmasamplesco11ecteddailyfromDay

8to14washigherinlactatingcowsthaninnon-1actatingcows(4.6士1.Ovs.3.9土0.9ng/ml,

P<0.01).

j.j.2.fb〟わ〟血rめ′〝α椚わ∫α〝〟g∫かα戚〃んJ7βc()〝Cg〃かαJわ〃∫
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FouroflOcyclesinlactatingcows(40.0%)andthreeoflOcyclesinnon-1actatingcows

(30.0%)had threefo11icular waves,and the remaining cycles had twofo11icular waves･

Characteristics of the dominant fbllicle of the nrst wave and plasma estradiol-17β

COnCentrationsareshowninlhble3Ll.Intheestrouscycleswithtwofb11icularwaves,the

maximaldiameterofthedominantfo11icleofthe丘rstwavewaslargerinlactatlngCOWSthan

thatinnon-1actatingcows(17.2土1.8vs.15.5j=0.8mm,P<0･05),butthedurationofthe

nrst wave did not di脆r slgni丘cantly between groups.In the estrous cycles with three

fb11icularwaves,themaximaldiameterofthedominantfb11icle(15.9士2.1vs.13.5±1.9

mm)andthe
duration ofthe nrstwavedidnot difftr signi丘cantlybetweenlactating and

non-lactatingcows.Estradiol-17βconcentrationshowedanincreaseduringthedevelopment

Ofthedominantfbllicleofthe丘rstwave.Inthisperiod,Peakconcentrationofestradiol-17β

and day of estradiol-17βpeak were not signi丘cantly difftrent betweenlactating and

non-1actatingcowsbothintheestrouscycleswithtwoandthreefbllicularwaves(Table3-1)･

Inallcows,One OrtWO fbllicles ovulated atthe endofthe cycle.Double ovulations

OCCurredintwooflOcyclesinlactatingcows(20.0%)andoneoflOcyclesinnon-lactating

COWS(10.0%).Characteristicsoftheovulatoryfo11icleintheestrouscycleswithtwoorthree

fbllicularwaves are shownin Tbble3-2.Inthe estrous cycles withtwo fbllicularwaves,

maximaldiameterofovulatoryfbllicleinlactatlngCOWSWaSlargerthanthatinnon-lactatlng

COWS(17.9士1.2vs.15.2士0.8mm,P<0.05),butdaysfromemergencetoovulationofthe

OVulatoryfbllicledidnotdifftrslgni丘cantlybetweengroups.Intheestrouscycleswiththree

fo11icularwaves,there were no slgnincantdifftrencesbetweenlactatlngandnon-1actatlng

COWSintermsofthemaximaldiameteroftheovulatoryfo11icle(13.6±1.7vs.12.3士2･8

mm)andin terms of the daysfrom emergence to ovulation.Peak concentration of

estradiol-17βaround ovulation did not
difftr signi丘cantly betweenlactating and

non-1actatingcows(10.9土3.7vs.12.4士4.1pg/ml).

26



The number ofSFin each wave did not difftr slgni丘cantly betweenlactatlng and

non-lactatingcows(3.0士1.2vs.2.4土1.4fo11icles/wave)･However,thediameteroflargest

SFwaslargerinlactatingcowsthaninnon-lactatingcows(8･8士2･2vs･7･5士0･8mm,P<

0.01).Moreover,1argeSFthatgrewtomorethanlOmmindiameterwasdetectedin丘veof

lOcycles(50.0%)inlactatingcows,butnoneoflOcycles(0%)innon-1actatingcows(P<

0.05).

j.j.j.上〟/g∫〝ね加g鳥〃r椚β〝gα〝〟prβg郎おr〃〝gCβ〝Cg〝加Jわ〃∫∫〝♪印〟g〝砂c〝肋c′g〟

∫α〝甲ね∫

Representativepro丘1esofpulsatileLHsecretionandprogesteroneconcentrationsduring

frequentbloodsamplingperiodsofDays2,4,6,8,and14inonelactating(No･10)andone

non-1actatingcow(No.4)areshowninFig.3-3.Inthelactatingcow(No.10),thenumberof

LHpulsesdetectedduringthesamplingperiodfor8hwasdecreasedfrom7pulsesonDay2

to5pulsesonDay6,butthereafterremainedunchangeduntilDay14,althoughtheplasma

COnCentrationofprogesteroneincreasedgraduallyfromO･5ng/mlonDay2to6･3ng/mlon

Day14.Ontheotherhand,inthecaseofnon-lactatingcow(No･4),thenumberofLHpulses

decreased gradua11y丘om6pulses on Day2to2pulses on Day14,While the plasma

COnCentrationofprogesteroneincreased丘omO.7ng/mlonDay2to5･9ng/mlonDay14･

ComparisonsofLHsecretionandplasmaprogesteroneconcentrationbetweenlactatlng

andnon-1actatingcowsweremadeonthesamplescollectedat15min-intervalsfor8h(Table

3-3).ThefrequencyofLHpulsesdecreasedonDays6,8,and14comparedwiththatonDay

2inbothlactatingandnon-1actatingcows(P<0.05).ThefrequencyofLHpulsesineach

SamPlingperiodofDays2,4,6,8,and14didnotdif托rslgni丘cantlybetweenlactatlngand

non-1actatlngCOWS,butovera11meanofLHpulsefrequencywashigherinlactatlngCOWS

thaninnon-lactatingcows(5.5土1.6vs.4.4士1.8pulses/8h,P<0.01).Luteinizinghormone
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COnCentrationwasdifftrentbetweenlactatingandnon-1actatingcowsonDay2(P<0･05),

butnofurtherdifftrencewasdetectedbetweengroupsthereafter.Progesteroneconcentration

increased on Days6,8,and14compared with that on Day2in bothlactatlng and

non-1actatingcows(P<0.05).OnDays4and6,PrOgeSterOneCOnCentrationwaslowerin

lactating cows thanin non-1actating cows(P<0.01),but
no signi丘cant difftrence was

detected between the groups on Day8.On Day14,1actatlng COWS Showed higher

PrOgeSterOneCOnCentrationthannon-1actatingcows(P<0■01)･

3.4.Discussion

Contrary to our expectation,lactatlng COWS developedlarger CL and had higher

PrOgeSterOneCOnCentrationsduringmid-1utealphasethannon-1actatlngCOWS･Concentrations

OfprogesteroneinbloodaredependentontheamountofsteroidogenictissueandcapacltyOf

the steroidogenic tissue to secrete(Synthesize andrelease)progesterone.Previous studies

Showedthattherewasapositiveassociationbetweenplasmaprogesteroneconcentrationand

CLsizeinthemid-1utealphaseofdairycows(56,90).ItiswidelyacceptedthatLHplaysan

importantroleinthedevelopmentofCLinmostmammals.ApreviousstudyreportedthatCL

developmentwasdependentonpulsatilereleaseofLHfromDay2to120ftheestrouscycle

incattle(71).InhibitionofthereleaseofLHpulsesbytreatmentofGnRHantagonistduring

lutealdevelopment decreasedthemaximaldiameterofCLandprogesterone concentration

duringthelutealphase
comparedwiththevaluesforcontroIcows(79).Duringmid-1uteal

Phase,LHpulsesstimulatethesecretionofprogesteronefromthefunctionalCL(75)together

WithotherluteotropichormonessuchasgrowthhormOneandIGF-1(98,102).Inthepresent

Study,LH pulsefrequency was higherinlactatlng COWS thanin non-1actatlng
COWS

throughoutthefrequentsamplingperiodonDays2-14･Therefbre,theincreasedfrequency

OfLHpulsesmightcontributetothedevelopmentoflargerCLandhigherconcentrationsof
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Plasma progesterone during mid-lutealphase oflactating cows compared with those of

non-1actatlngCOWS.Ontheotherhand,frequentbloodsamplingat15-minintervalsdetecteda

Slgni丘cantdecreaseintheconcentrationsofprogesteroneonDays4and6･Itisalsopossible

thatlactatlngCOnditionbringsabouttransientdecreaseinthebloodlevelsofprogesterone

duringtheearlylutealphaseindairycows.

Intheestrouscycleswithtwofbllicularwaves,thedominantfo11icleofthe丘rstwaveand

theovulatoryfbllicleofthelactatlngCOWSgreWlargerthanthoseofnon-1actatlngCOWS.In

theestrouscycleswiththreefo11icularwaves,althoughthesamplenumberwastoosma11to

detectslgni丘cantdifEbrences,themaximaldiametersofthedominantfo11icleofthe丘rstwave

andthe ovulatoryfollicleinlactatlng COWS Werelargerthanthoseinnon-1actatlng COWS.

Increased size of the ovulatory fbllicleinlactatlng COWS WaS PreViously reportedin

COmParisonsoflactatingandnon-1actatingcows(17,96)oroflactatingcowsandnulliparous

heifbrs(128).Previousstudiesdemonstratedthatthelargerpreovulatoryfo11iclesinlactating

COWSCOuldhaveresultedfromtheincreasedfrequencyofLHpulsesandthelongerduration

Ofdominance(100).Furthermore,increased duration ofdevelopment ofovulatoryfbllicle

from emergence to estrus was associated with prolongedincreasesin estradiol-17β

COnCentration(1).Inthepresentstudy,however,daysfromemergenceoffollicletoovulation

WerenOtdifftrentbetweenlactatlngandnon-1actatlngCOWS.Inaddition,despltethelarger

fblliclesinlactatingcows,nOdifEbrencewasdetectedinestradiol-17βpeakaroundovulation

betweenthegroups.Similarly,1nlactatlngCOWS,thedominantfo11icleofthefirstwavegrew

larger than that ofnon-1actatlng COWS,but the duration ofthe丘rst wave and the peak

estradiol-17βconcentrationduringthe丘rstwavedidnotdifftrfromthoseofnon-1actating

COWS.1もkingthesefindingstogether,itisconceivablethatanincreaseinLHpulsefrequency

detectedinthelactatlngCOWSinthisstudyisnotsointensiveastoprolongthedurationof

dominantfo11iclesortoincreasecirculatingestradiol-17βconcentration.However,itremains
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unclearwhetherthedevelopmentoflargerfo11iclesinlactatingcowshasanegativeimpacton

OOCytequality.Functionalaspectsoflargerfo11iclesinlactatingcowsshouldbeexaminedin

thefuturestudy.

Interestlngly,1actatlngCOWShadlargerSFintermsofdiameterthannOn-lactatlngCOWS,

althoughthenumberofSFineachwavewasnotdifEtrentbetweenthegroups.Itisnoticeable

thatlargeSFthatgrewtomorethanlOmmindiameterwasdetectedin50%ofthecyclesin

lactatlngCOWS,Whereasnoneofthe SFgrewlargerthanlOmminnon-1actatlngCOWS.In

Cattle,fo11iclesacquiredovulatorycapacityataboutlOmmindiameter(95).Itislikelythat

high-PrOduclng COWS might selectmorethan one dominantfo11icle,Which resultsinhigh

incidenceofdoubleovulation(124).Theincidenceofdoubleovulationwasnotassessedin

thisstudybecauseofthesma11numberofanimals,butitisspeculatedthatdevelopmentof

largerSFmayparticIPateintheprocessthatproducesdoubleovulationinlactatlngCOWS.

Low ftrtilityinlactatlng COWSis often explained bylutealde丘ciency andlower

PrOgeSterOne COnCentrationinsufRcientfor establishment and maintenance ofpregnancy.

Recentstudiessuggestthatelevatedsteroidmetabolismassociatedwithhighmilkproduction

mightreducecirculatingconcentrationsofovariansteroids,Whichcanbeapotentialcause

forlowfbrtilityinlactatingdairycows(93,125).Inthepresentstudy,datafromfrequently

COllected samplesfrom early to mid-1utealphase showed thatlactatlng COWS hadlower

PrOgeSterOnelevelsin earlylutealphase onDays4and6andhigherlevelsinmid-1uteal

Phase onDay14.Progesterone concentrationinthe circulatingblood reflectsthebalance

between production and metabolic rate of progesterone.Itis assumed that thelower

PrOgeSterOneCOnCentrationsinearlylutealphaseinthelactatlngCOWSmaybeduetoeither

insu伍cientcapacltyOfprogesteronesynthesisbythedeveloplngCLorincreasedmetabolic

Clearance of progesterone from the systemic blood.Observations based on ovarian

ultrasonographypartiallyallowtheassessmentoffunctionalaspectsoftheCL(44,56,107),
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andnoapparentdifEtrencewasfoundintheCLsizeinearlylutealphasebetweenlactatlng

andnon-1actatlngCOWS･Therefbre,itispossiblethatthelowerconcentrationsofprogesterone

inthelactatingcowsduringfiequentblood
samplingperiodsofDays4and6mightbe

associated with theincreased metabolic rate ofprogesteroneinlactating cows(93).In

addition,1actatlnganimalsloseacertainamountofprogesteroneintomilk,althoughthetotal

amountofprogesteroneexcretedinmilkisverysmallcomparedwiththeproductionrate

fromtheCL(35)･Inparticular,duringearlylutealphase,developingCLcannotproduceas

muchprogesteroneasfunctionalCLdoes･Then,thelactatlngCOWSmightcompensateforthe

greaterloss of progesterone to some extent by developlnglarger CL and elevatlng

PrOgeSterOneSeCretion･ThelactatlngCOWSuSedinthepresentstudywereinmid-lactation

Period(>80dayspostpartum),andmaintainedtheirBCSandBWwithinanormalrange.

AlthoughtheexactmechanismpartlCIPatlnglnthemaintenanceofcirculatingprogesterone

levelinthelactatlngCOWSisstillunclear,itislikelythatlactatlngCOWS,underamoderate

levelofmilk production andin good nutritionalcondition,have the ability to produce

Sufncientprogesteronetomaintainnormalcirculatingprogesteronelevel･

In summary,thelactatlng COWS hadlargerCLandhigherprogesterone concentrations

during mid-1utealphase,and showed higherfrequency of LH pulses during early to

mid-1utealphasethanthenon-lactatlngCOWS･Further,thefblliclesgrewlargerinthelactatlng

COWSthaninthenon-lactatingcows,althoughtheestradiol-17βconcentrationsweresimilar

throughouttheestrouscycle･TheseresultsindicatethattheincreasedLHpulsesdetectedin

thelactatlngCOWSarePrObablyinvoIvedinlargerdevelopmentofCLandfb11iclesandhigher

COnCentrations ofplasma progesterone during mid-1utealphase,Whichislikely to be a

PhysiologlCalmodulationintheendocrinepatternoflactatlngCOWS.

31



1臨ble3-1Characteristicsofdominantfbllicleofthefirstwaveinlactatlngandnon-1actatlng

COWS.

Twofbllicu)arwaves Threefbllicularwaves

Item

Lactatlng Non-lactatlng

(11=6) (n=7)

Lactatlng Non-1actatlng

(n=4) (n=3)

Maximaldiameter(111m)

Durationofnrstwavea)(d)

Estradiol-17βpeak(Pg/m))

Dayofestradioト17βpeakb)

17.2土1.8C 15.5士0.8d

9.7土l.0 10.1士0.9

3.5士1.3 4.8土2.2

4.3土0.8 4.6士2.l

15.9土2.1 13.5士1.9

9.8士1.0 7.3士2.1

4.9土0.6 4.9土3.2

4.8士0.5 3.7士0.6

ValuesaremeanandSD.

a)Intervalfromtheemergenceofthe丘rstwavetotheemergenceofthesecondwave･

b)Daysafterovulation･

C,dDi貌rent(P<0.05)withineachrow.
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Tbble3-2Characteristicsoftheovulatoryfo11icleintheestrouscycleswithtwoandthree

fo11icularwavesinlactatlngandnon-1actatlngCOWS.

Twofbllicularwaves Threefb11icularwaves

Item

Lactatlng Non-1actatlng Lactating Non-lactating

(Il=6) (11=7) (n=4) (n=3)

Maximaldiameter(mm) 17.9j=1.2a 15.2土0.8b 13.6土1.7 12.3±2.8

Daysfromemergencetoovulation 12.0土1.3 10.9士1.2 7.0±1.4 7.3士2.1

ValuesaremeanandSD.

aっbDiffbrent(P<0.01)withineachrow.
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Table3-3LH pulsefrequency,mean LHand progesterone concentrationinfrequently

COllectedsamplesonDays2,4,6,8,and140fthesecondestrouscycleinlactatlngand

non-1actatlngCOWS.

Group Daysoftheestrouscycle

2 4 6 8 14

Overall

LHpulsefrequency(PuJses/8h)

Lactating(n=5) 7.6士0.9X 6.2土0.4 5.6土1.1y 4.2土0.4y 3.8±1.3y 5.5土l.6C

Non-lactating(n=5)6.4j=0.9X 6.0士0.7 4.2士0.8y 3.2土0.8y 2.4士1.1y 4.4±1.8d

LHconcentration(ng/ml)

Lactating(n=5) 0.9±0.3a O.9土0.3 0.9士0.3 0.9士0.4

Non-lactating(n=5)1.0土0.4b o.9j=0.4 0.8士0.3 0.7土0.3

0.8士0.3 0.8土0.2

0.8士0.2 0.8士0.3

Progesteroneconcentration(ng/ml)

Lactating(n=5) 0.8士0.3X l.6士0.7a 2.5士0.7Cy 3.5±0.8y 5.2士1.OCy 2.7士1.7

Non-1actating(n=5)0.8j=0.4X l.8j=0.6b 2.9士1.Ody 3.7土1.3y 4.8士1.2dy 2.8j=1.7

ValuesaremeanandSD.

a-dDiffbrent(albp<0.05,Cldp<0.01)withineachcolumn.

X､yDi脆rent(P<0.05)withineachrow.
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Fig･3-2ChangesinCLdiameter(bottompanel)andplasmaprogesterone concentrations

(upperpanel)inlactating(n=10,OPenCircles)andnon-1actating(n=10,丘11edcircles)cows

fromDayOto140ftheestrouscycle･Comparisonofprogesteroneconcentrationwasmade

OnSamPlescollectedonceaday･MeanCLdiameterandplasmaprogesteroneconcentrations

fromDay8to14ishigher(**P<0･01)inlactatingcowsthaninnon-1actatingcows.DayO

isthedayofovulationandvaluesaremeanandSD.
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Chapter4･Comparison betweenlactating and non-1actating cows on

endocrinepatternsofovariansteroidsandluteinizinghormoneandestrous

SlgnSfromluteolysistoovulation

4.l. Introduction

Estrusdetection,ingeneral,isprlmarilybasedontheobservationofstandingbehaviorof

COWS(21,28).Accordingtoanearlierstudyreportedin1948(111),thedurationofestruswas

17.8hfordairycowsand15.3hfordairyheiftrs.However,reCentStudiesreportedthatthe

expressionofestrousbehaviorhasbeendecreasinginmoderndairycows(23,47,114,129,

131).Inthesestudies,thedurationofstandingestruswaslessthanlOh(129,131),andmore

thanone-thirdofthecowsdidnotshowstandingestrus(114).

ThecausesofpoorexpressionsofestrusandestrousslgnSinmoderndairycowshave

beeninvestlgatedwithrelevancetoendocrineaspects,herdmanagementorestrusdetection

methods.Previousstudiesonendocrineeventsaroundestrusandovulationhaverevealedthat

alterationsin the concentrations of ovarian steroids and gonadotroplnS mayinfluence

expressionofestrusandestroussigns.Forexample,Lyimoetal.(57)foundhighcorrelations

between the estradiol-17β concentration and visualestrous symptoms.Another study

SuggeStSthathighmilkproductiondecreasesthedurationofestrus,PrObablyduetodecreased

Circulating concentrations of estradiol-17β(52).Suprabasalprogesterone concentrations

duringtheperiestrousperiod,WhichmaybecausedbyincompleteluteolysISandacutestress,

COuldinhibitthe expressionofestrousbehavior(130)andleadto delayedovulation(24).

Some ofthese alterationshave beenreportedin associationwithhigh milkproductionof

moderndairycows･InChapter3,thelactatlngCOWSdevelopedlargerovulatoryfo11iclesthan

non-lactatlngCOWS,butnodifftrencewasdetectedbetweenlactatlngandnon-lactatlngCOWS

intheestradiol-17βconcentrationfromdailycollectedsamplesthroughouttheestrouscycle･
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MoreintensivemonitorlngduringtheperiodfromluteolysIStOOVulationwouldbehelpfu1in

examinlng the efEtct oflactation on hormone dynamics such as peak concentrations of

estradiol-17βaroundestrusandoccurrenceofLHsurge.

Facingtheproblemoflowdetectionofstandingestrus,alternativemethodstopredict

estrus by using pedometers to measure physicalactivity(57,92)or monitoringinternal

Changes such as body temperature(83)are being used and developedin practice.

Ⅵ1ginoscopICeXaminationisgenerallyutilizedasanadditionalaidforvisualobservationsof

estrous slgnS,eSPeCiallyln COWS housedin tie-Stallbarns.Thisis because behavioral

Observations are ofteninadequate comparedwiththoseincows housedinfree-Sta11barns.

Theappearancesofthevulvalmucosaandcervicalmucusarealteredundertheinfluenceof

estrogens(43),Whichcouldbeaccurateindicatorsofthestageoftheestrouscycle.Thereare

Onlygeneraldataavailableoncharacteristicsofthe estrous slgnSinthevaglnaaSWellas

thoseinthevulva.1七mporalchangesinvaglnalestrous slgnSfromluteolysIStO OVulation

havenotbeenwellexaminedinassociationwithpreovulatoryhormonalpro丘1esandother

estrousslgnS･

Therefbre,theobjectivesofthepresentstudyweretoinvestlgateCOmPrehensivelythe

PrO丘IesofovariansteroidsandLHandtheappearanceofbehavioralandgenitalestrousslgnS

in relation toluteolysIS and ovulationinlactatlng and non-lactatlng dairy cows and to

examinetheinfluenceoflactationonthoseobservations.

4.2. Materialsandmethods

A2.J.d〝f椚α血α〝〟叩ビア～椚g〟ねJpr〃Cg血rg∫

ThepresentstudywasconductedduringtheperiodfromluteolysIStOOVulationinthe

nrstestrouscycleinChapter3.Thus,theanimalswerethesameinChapter3(丘velactating

and 丘ve non-lactating cows).For analysis of estradiol-17β,PrOgeSterOne and
LH
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COnCentrations,bloodsamples(10ml)wereco11ectedviaajugularcatheterat3-hintervals,

beginnlng On the day after a decreasein diameter of the CL was con鮎med by

ultrasonographyuntilovulation･Theobtainedbloodsampleswereprocessedfbrhormone

assaysasdescribedinChapter2.EstrousslgnSWereObservedintermsofbehavior,thevulva

andthevaginaat8-hintervals(atO700,1500and2300h)fromthedayofcon丘rmationof

luteolysis by daily ultrasonographic examination untilovulation.Time ofovulation was

determinedbyultrasoundexaminations,beglnnlngOnthetimewhenadeclininglntenSltyOf

estrousslgnSWaSdetected･Thereafter,SCannlngOftheovarywasperformedat3-hintervals

丘omimmediatelyafterbloodsamplinguntilovulationwascon丘rmed.Thetimeofovulation

WaSde丘nedasthetimewhenthepreovulatoryfo11icledisappeared.

イ･2･2.伽∫grγαJわ〃げg∫加〟∫∫な〃∫

First,COWSWereObservedforbehavioralchangesfor30minincludingrestlessnessand

bellowing.Restlessnesswascheckedfbrwiththefbllowingbehavioralcharacteristics(84):

notshowlnganylntereStinfbedwhileothercowswereeatlng,SOmetimesstandingwhile

Othercowswerelying,teaSlngnearbycows,PaylngClose attentionto thepeopleworking

nearbyandsometimestrylngtOmOuntthem.Afterobservation,thecowswererestrainedwith

arope and checked fbrexternalgenitalchangesincludinghyperemiaand swe11ing ofthe

Vulvaandmucousdischargefromthevulva.Then,VaglnOSCOPICeXaminationwascarriedout

accordingtothemethoddescribedbyLuetal･(53)tomonitorintravaginalchangesincluding

hyperemia,SWellingandrelaxationofthevaglnalportionofthecervixandmucousdischarge

fromtheexternaluterineori丘ce･TypICalappearancesoftheanteriorportionofthevaglnaand

theexternaluterineori丘ceobservedbyuslngVaglnOSCOPyatSeVeralstagesofestrouscycle

are shownin Fig･4-l･IntensltyOfestrous
slgnS WaS aSSeSSedcomprehensivelyfromthe

abovechangesusingathree-POintscale(1=nOSigns,2=mOderatesigns,3=COnSPicuous
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Signs)･Inparticular,thefo1lowing criteriawere usedforassessingbehavioralintensity:a

SCOreOflindicatesthatnobehavioralchangewasobserved;aSCOreOf2indicatesthatsome

Ofbehavioralchanges were observed;and a score of3indicates that almost allofthe

behavioralchangeswerefrequentlyobservedwithhighactivltyduringa30-minobservation

Period.AppearanceofestrousslgnSWaSdeterminedasthetimewhenanestrous slgnWaS

nrstseen.DisappearanceofestrousslgnSWaSdeterminedasthetimewhenthelastestrous

Slgndisappeared･DurationofestrousslgnSWaSeStimatedastheintervalfromtheappearance

tothedisappearanceofestrousslgnS.

42.j.助r椚〃〝gα∫∫り′∫

Estradiol-17β,PrOgeSterOneandLHweremeasuredinplasmaasdescribedinChapter2.

Fortheestradiol-17βassay,theintra-andinterassaycoefncientsofvariationwerelO.1%and

13･0%,and the sensitivlty WaS O.92pg/ml.For the progesterone assay,theintra-and

interassaycoefncientsofvariationwere3.4%and7.4%,andthesensitivltyWaSO.03ng/ml.

Luteinizlnghormonewasmeasuredinaslngleassay.Theintra-aSSayCOefncientofvariation

OfLHwasll.6%,andthesensitivltyWaSO.11ng/ml.

The LH surge was de丘ned as a sustained rise(for atleast two consecutive
blood

SamPles)intheplasmaLHconcentrationsexceedingtwicetheaveragebaselinelevel.The

baselinelevelwas calculatedbyaveraglngtheplasmaLH concentrationsfbra6hperiod

(twosamples)precedingasurge.

42.イ.封αJ加わαJα〃α恒g∫

Patterns ofhormone concentrationsin the two groups were compared by repeated

measures ANOVA.Other characteristics such as maximalhormone concentration were

COmParedbytheStudent'st-teSt.Datarelatedtoappearanceordisappearanceofeachestrous
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Signanditsdurationwerecomparedamongthedifftrentestroussigns(behavior,Vulvaand

Vagina)byone-WayANOVA･PosthocmultiplecomparisonsweremadebyusingTukey.s

test･The relationship betweenintensity of estrous signs and estradiol-17β1evelwas

determinedbyPearson'scorrelationcoe伍cientanalysIS.

4.3. Results

4j･J･血〟ね′わ〝q/J〟′g〃少∫ねわ卯〟加わ〝α〃〟p血∫朋αC〃〟Cg〃血′わ〝q/クr〃gg∫ねr〃〝g

LuteolysisstartedonDay16･8士2･2(mean土SD)andDay17.0土1.Ointhelactating

andnon-lactatlngCOWS,reSPeCtively,Withnoslgni丘cantdifftrencebetweenthegroups･The

PrOgeSterOneCOnCentrationsdecreasedsharplyfromthedayafterinitiationofluteolysISand

Were maintained at a basallevel(1ess thanlng/ml)from two days afterinitiation of

luteolysis untilovulationin both
groups(Fig.4-2).Alllactating cows andfour of丘ve

non-1actatlngCOWSOVulatedfouror丘vedaysafterinitiationofluteolysIS,andtheremainlng

OnenOn-lactatlngCOWOVulatedthreedaysafterinitiationofluteolysIS.Themeanintervals

frominitiationofluteolysIStOOVulationwerenotslgni丘cantlydiffbrentbetweenlactatlng

and non-1actating cows(4.6j= 0.5 and 4.2 ± 0.8 days),Which resultedin similar

interovulatoryintervals(21.4j=1.8and21.2士1.Odays)betweenthegroups.

Aj･2･Pね∫∽αC〃〝Cg〃J和才わ〝∫q/錯/相成〃んJ叩α〝〟上方

Changesofestradiol-17βandLHconcentrationsfromfourdaysbeforeovulationtothe

timeofovulationdidnotdif托rslgni丘cantlybetweenlactatlngandnon-1actatlngCOWS,aS

ShowninFig･4-3･Themaximalestradiol-17βconcentration(estradiol-17βpeak)andarea

underthecurve(19)oftheestradiol-17βconcentrationfromtheinitiationofluteolysisto

OVulationwerenotsigni丘cantlydiffbrentbetweenlactatingandnon-1actatingcows(Table

4-1)･Theestradioト17βpeaksweredetected3.2士0.5and2.9士0.8daysa氏ertheinitiationof
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1uteolysISinlactatlng and non-lactatlng COWS,reSPeCtively.The meanintervalfrom the

estradiol-17βpeak to ovulation did not differ signi丘cantly betweenlactating and

non-lactating cows(34･2士4.5and30.6士3･9h;Table4-2),althoughtherewere some

Variationsamonganimals(ranges:27to39and27to36hinlactatingandnon-1actatingcows,

respectively)･Aftertheestradiol-17βconcentrationreacheditspeak,anaCuteincreaseinLH

COnCentration(LHsurge)wasobservedinallexaminedcows.Themeanintervalsfromthe

estradiol-17βpeaktothepeakoftheLHsurgewere6.0士3.7and2.4士2.5hinlactatingand

non-1actatlngCOWS,reSPeCtively･Thesevalueswerenotslgni丘cantlydifftrentbetweenthe

groupsbutvariedamonganimals(ranges:Oto12andOto9hinlactatingandnon-1actating

COWS,reSPeCtively)･TheintervalfromthepeakoftheLHsurgetothetimeofovulationwas

27h,Withnovariationintheanimalsofbothgroups･Whenacomparisonwasmadeinterms

OfthemagnitudeoftheLHsurgebetweengroups,thepeakconcentration(11.7士3.7and

14･2±2･8ng/ml;Table4-1),AUC(44.5j=21.7and58.8士13.0)andduration(5.4士2.5and

6･0土Oh)werenotsigni丘cantlydifftrentbetweenlactatingandnon-lactatingcows.

イ.j.j.且iか〃〟∫∫唱Ⅵ∫

Representative profiles ofestrous slgnSin behavior,the vulva and vaglnain one

lactating(No･10)andonenon-1actating(No.4)cowsthatshowedbehavioralsignandinone

lactating印0･11)andonenon-1actatingcows(No.7)thatdidnotshowanybehavioralsignare

ShowninFig･4-4･Theproportionsofcowsrankedashaving"conspICuOuSSlgnS,Mりmoderate

Signs"and"nosigns"intermsofbehaviorwere2/5(40.0%),2/5(40.0%)andl/5(20.0%)in

lactatlngCOWS,andthesevalueswerethesameaSthoseinnon-lactatlngCOWS.Ontheother

hand,VulvalandvaglnalestrousslgnSWereClearlydetected,andtheirintensitieswereranked

as"conspICuOuS SlgnS"in alllactatlng and non-1actatlng COWS.From these丘ndings,nO

diffbrencewasdetectedintheintensltyOfestrousslgnSbetweenlactatlngandnon-1actatlng
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COWS･TbdeterminetherelationshipbetweentheintensltyOfbehavioralestrousslgnSandthe

estradiol-17βlevel,data of a111actating and non-1actating cows were combined and

COrrelationswerecalculated.TheintensltyOfbehavioralestrousslgnSWaSnOtCOrrelatedwith

thepeakconcentrationofestradiol-17β(r=0.29,P>0.1)ortheestradiol-17βAUC(r=0.20,

P>0.1)fromtheinitiationofluteolysistoovulation.

There wasno slgni丘cantdifftrencein the appearance ofeach estrous slgn andits

duration between the groups(Table4-3).The data ofboth groups were combinedfor

COmParisonsamongestrousslgnS･Behavioral,VulvalandvaglnalestrousslgnSaPPeared2.5

土1･3,2･2士1･2andl･6士1･2days aftertheinitiationofluteolysIS,reSPeCtively･Vaginal

estroussignsappearedO･8±0.6daysearlierthanbehavioralsigns(P<0.05),andtheinterval

丘omappearanceofestrousslgnStOOVulationwasslgni丘cantlylongerfbrthevaglnalsigns

thanfbrthebehavioralsigns(68.9土25.4vs.44.8j=21.6h,P<0.01).Theintervalfrom

disappearanceofestrousslgnStOOVulationwas6･0士5･1hforthebehavioralsigns,Which

WaSgreater(P<0･01)thantheintervalsforthevulvalandvaginalsigns(0.4士1.1andO.6±

1･8h,reSPeCtively)becausethevulvalandvaginalestroussignslastedtoovulationinfour

(80･0%)ofthe丘velactating cows
andfbur(80.0%)ofthe丘venon-1actating cows.The

durationofvaginalestroussigns(68.9士25.4h)wassigni丘cantlylonger(P<0.01)thanthat

Ofbehavioralsigns(41･3j=23.6h),butnotsignincantlydi飴rentfromthatofvulvalsigns

(54.6士22.9h).

4.4. Discussion

Some previous studies have suggested the negativeinfluence oflactation on

reproductivefunction by comparlng Circulating concentrations of ovarian steroidsand

gonadotropinsinlactating cows withthosein non-1actating cows(17,97)ornulliparous

heiftrs(96,97,128)･Wolftnsonetal.(128)reportedthat concentrations ofestradiol-17β
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aroundestrusandLHsurgewerelowerinlactatingdairycowsthaninheifbrs･Inthepresent

Study,however,PrOfilesofovarianSterOidsandLHfromluteolysIStOOVulationinlactating

dairycowswerecomparablewiththoseinnon-1actatingones,SuggeStlngthatlactationdoes

notinfluencethepreovulatoryhormonaldynamicsindairycows･Whencomparisonwas

madebetweenlactatlngCOWSandheiftrs,itisdifnculttodistinguishamongtheeffbctsof

lactation,age,nutrition,energybalanceandotherfactorsonthereproductivetraits(128).

Moreover,thelactatingcowsintheabovestudies(96,97,128)wereinearlytomid-1actation

(mean,46to77dayspostpartum),Whereasthepresentstudywasconductedwhenthecows

Wereinmid-lactation(mean,98･0±11･1dayspostpartum).Thedailymilkyieldsofthecows

intheabovestudies(mean,46to49kg/day)weremuchhigherthanthoseofthepresent

Study(mean,28･4士3･2kg/day)･Thestageoflactationandlevelofmilkproductionmayalso

beimportantfactorsindeterminlngtheinfluenceoflactationonreproductivefunction.

Inthepresentstudy,theinterovulatoryintervalswerewithinthenormalrange(18-24

days(64))inalllactatingandnon-1actatingcows･Arecentstudyreportedthatlactatingcows

Showedlongerintervalsfromspontaneousluteolysistoovulation(50r6days)thanheifbrs(4

0r5days)(96)･Thelongerintervalfromluteolysistoovulationcouldextendthegrowth

Periodofdominantfb11icles(97),Whichmightberelatedtoreducedoocytequalityand

Subsequentlowftrtilityindairycows(8,87).However,inthepresentstudy,themean

intervalsfromluteolysIStOOVulationwerenotdi能rentbetweenlactatingandnon-1actatlng

COWS(4･6and4･2days,reSPeCtively),andthesevaluesarecomparabletothatofheiftrsinthe

abovestudy(96)orthatoflactatingcowsinanearlierstudyinwhichluteolysiswasinduced

byprostaglandinF2α(86).

Itissuggestedthattheincreaseinsteroidmetabolisminlactatlngdairycowscanaffbct

notonlycirculatingprogesteroneconcentrationsduringthelutealphasebutalsocirculating

COnCentrationsofestradiol-17βaroundestrus(93,125).Lopezetal.(52)reportedthatcows
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With higher milk production(>39.1kg/day)hadlower concentrations ofestradiol-17β

aroundestrusthancowswithlowermilkproduction(<39.1kg/day).Inthepresentstudy,

however,thesequenceofendocrinechangesoccurrlngafterluteolysISinlactatlngCOWSWaS

VerySimilartothatinnon-lactatingcows,andtheconcentrationsofestradiol-17βandLH

around estruswerenotdi鮎rentbetweenlactatlngandnon-lactatlngCOWS･Moreover,Our

resultsfoundftwervariationsinthetimefromtheestradiol-17βpeaktoovulation(range12

h)andthetimefromtheLHsurgetoovulation(rangeOh)comparedwiththosereportedin

recentstudies(9,108)･Itisgenerallyacceptedthatestradiol-17βinducesthepreovulatory

LHsurgeasan'lallornothing'levent.AReracertainthresholdofestradiol-17βconcentration

isreached,therewillbeanLHsurge,Whichresultsinovulation(57,127).Itisspeculated

thatthesimilarpeaklevelsofestradiol-17βdetectedinthelactatingandnon-1actatingcows

WOuldbesufncienttoinduceanLHsurgeandovulationwithoutanyalterations･

BehavioralsignsofestrussuchasrestlessnessandbellowlngWerenOtObservedinalow

PrOPOrtion ofcows(1/50flactating andl/50fnon-lactating cows),Whereas vulvaland

VaglnalestrousslgnSWereClearlyobservedinbothgroupsofcows･Itiswellestablishedthat

estradiol-17β,intherelativeabsenceofprogesterone,aCtSOnthehypothalamustoinduce

estrousbehavior(2)･Studiesonmoderndairycowshavefbundthattheplasmaestradiol-17β

COnCentration around estrus was correlated withintensity of estrous behavior(57)and

duration
ofestrus(52)･However,in the present study,lactating cows showed similar

appearancesofestrousslgnStOnOn-lactatingcows,andthis丘ndinglikelyreflectssimilar

endocrinepronlesinthetwogroups･OurobservationsofestrousslgnSWerenOtSufncientin

quantlty tO eValuate the relationship between theintenslty Of estrous slgnS and the

estradiol-17β1evel,butourresultsmay agree withthe hypothesis thatonce a sufBcient

COnCentrationofplasmaestradiol-17βis achievedtoinduce estrus,additionalamounts of

estradioト17βhavenofurtherstimulatorye鮎ctonexpressionofthebehavior(2).
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Itisgenera11yacceptedthattheintensltyanddurationofestrousbehaviorvaryamong

individualsandherdlevels(23,113),becauseenvironmentalandmanagementfactorssuchas

typeofhouslng,herdsizeandthenumberofanimalsinestrusatthesametimecanafftct

estrous behavior(12,38)･Indeed,the cows examinedinthe present study were keptin

individualpensduringthefrequentsamplingperiod,andtheiropportunitiestointeractwith

Otherherdmateswerelimited.Ontheotherhand,thepresentstudyshowedthattheestrous

SlgnSinthevulvaandvaglnaWereObservedmoreclearlyinalllactatlngandnon-lactatlng

COWSCOmParedwiththoserelatedtobehavior･Althoughtherearenoreportsexaminlngthe

appearanceofvaglnalestrousslgnSandtheirdurationincowsbyuslngVaglnOSCOPy,Vaglnal

temperature(83)andelectricalconductivityofthevaginalmucus(104)havebeenreportedto

becloselyassociatedwiththeonsetofestrusandtimeofovulation･Atestrus,highlevelsof

estrogensincreasebloodflowinthereproductivetract,CauSlnglnCreaSedvaglnalhydration

andmucousdischarge(21).Besides,eStrOgenSaCttOdilatethecervixandexternaluterine

Ori丘ce during estrus(43)･Thepresentstudy showedthataftertheinitiationofluteolysis,

thesecharacteristicestrousslgnSinthevaglnaaPPearedearlierandcontinuedforalonger

Period than those related to behavior,although signi丘cant difEtrences were not detected

betweenthechangesinthevaglnaandvulva.Severalstudies suggestthatestrusdetection

basedonsecondaryestrousslgnSSuChasmucousdischargefromthevaglnaislessaccurate

thanestrusdetectionbasedonstandingestrus(84,113),reSultinginahighincidenceofestrus

detectionerrorandalowconceptionrate(84).Itmightbedifnculttopredictthestageof

estrusortimlngOfovulationbyobservationofsecondaryestrousslgnSalone･However,the

factthatestrousslgnSinthevaglnaWereClearlyobservedinallcowsexaminedisofpractical

importancetousevaglnOSCOPICeXaminationasanaidtodetectestruSefftctively･

In summary,the pro丘Ies ofovarian steroids and LHfromluteolysIS tO OVulationin

lactatlngdairycowswerecomparablewiththoseinnon-1actatlngOneS.Behavioralestrous
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SlgnSWere Observedinashorterperiodandshowedmore variabilityamonganimalsthan

VulvalandvaglnalonesregardlessoflactatlngStatuS.Therefore,itseemsthat,Whenlactating

COWS are managed under a moderatelevelofmilk production andin good nutritional

COndition,lactationmightnotinterferewiththepreovulatoryhormonalpro丘Ies,timlngOf

OVulationandappearanceofestrousslgnS.This丘ndingsuggeststhattheproblemoflowrates

Ofestrusdetectioninmoderndairycowscanbepartlyovercomebydeveloplngmanagement

techniquestoenhancetheaccuracyandefnciencyofestrusdetection.
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Tbble 4-1Pro丘1es of estradiol-17βconcentrations and LH surgeinlactating and

non-1actatlngCOWS.

Estradiol-17β(pg/ml) LHsurge(ng/ml)

Group At-uteolysisa)peakb) AUCC) peakb) AUC

Lactating(n=5) 2.7土3.0 13.3土3.1 27.9士8.7 11.7土3.7 44.5士21.7

Non-lactating(n=5) 2.3士1.4 12.5士3.1 21.6土2.3 14.2士2.8 58.8j=13.0

ValuesaremeanandSD.

a)Estradiol-17βconcentrationattheinitiationofluteolysis.

b)MaximalhormOneCOnCentrationbeforeovulation.

C)AUCofestradiol-17βconcentrationfromtheinitiationofluteolysistoovulation.
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1もble4-2Timeintervals between the peak ofestradiol-17β,LH surge and ovulationin

lactatlngandnon-1actatlngCOWS.

Item Lactating(n=5)Non-lactating(n=5)

DaysfrominitiationofluteolysIStOE2Peak 3.2±0.5

DaysfrominitiationofluteolysIStOLHpeak 3.5士0.5

HoursfromE2Peaktoovulation 34.2士4.5

HoursfromE2PeaktoLHpeak 6.0士3.7

HoursfromLHpeaktoovulation 27

2.9士0.8

3.1士0.7

30.6±3.9

2.4土2.5

27

ValuesaremeanandSD.

E2Peak:maXimalestradiol-17βconcentrationbefbreovulation.

LHpeak:maXimalconcentrationofLHsurge.
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Tbble4-3Appearance ofeachestrousslgninrelationtoluteolysIS andovulationandits

durationinlactating(n=5)andnon-lactating(n=5)cows.

EstrousslgnS

Item Group Behavior Vulva Vagina

Appearanceafterinitiationof Lactatlng 2･8j=1･3 2･3土1･2 1･7土1.5

luteolysis(d)a) Non-1actatlng 2.3士1･5 2.0土1.2 1.4土1.O

Al1 2.5士l.3e 2.2土l.2ef l.6士1.2r

Fromappearancetoovulation(h)b)Lactating 42.0土23.5 55.2j=22.2 69.6j=313

Non-lactating 47.5士22.6 54.6j=25.5 68.2土21.8

AlI 44.8±21.6e 54.9士22.6er68.9士25.4f

FromdisappearancetoovuIation(h)C)Lactating 8.0土4.9 0 1.0士2.2

Non-lactatlng 5.5士5.0 0.6士1.3 0

Al】 6.0土5.1g O.4士1.1l- 0.6士l.8l-

Duration(h)d) Lactatlng 40.5士25.3 55,2士22.2 69.6土31.3

Non-1actatlng 42.0士25.6 54.0土26,2 68.2士21.8

Al1 41.3土23.6g 54.6士22.9gl-68.9士25.41-

ValuesaremeanandSD.

a)TheintervalfromtheinitiationofluteolysIStOtheappearanceofestrousslgnS･

b)TheintervalfromtheappearanceofestrousslgnStOOVulation･

C)TheintervalfromthedisappearanceofestrousslgnStOOVulation･

d)TheintervalfromtheappearancetothedisappearanceofestrousslgnS･

e-hvalueswithdifftrentsuperscriptswithineachrowdifftrsigni丘cantly(efp<0.05,ghp<

0.01).

51



同] [且

Fig.4-1AppearanCeOftheanteriorportionofthevaginaandtheexternaluterine orifice

Observedbyusingvaginoscopyinarepresentativecowduringthemid-lutealphase(A),On

OnedaybeforeestruS(B),OnthedayofestruS(C)andonthedayofovu1ation(D).
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Fig.4-2Changesinplasmaprogesteroneconcentrationsinlactating(n=5,OPenCircles)and

non-1actating(n=5,丘11ed circles)cowsfrom-2to5days afterinitiation ofluteolysis.

Verticalbarindicatestimeofovulationinlactating(openbar)andnon-1actating(SOlidbar)

cowswithmeanandSD.

53



ご
2
＼
監
ご
】
卜
〓
ゥ
竃
雲
S
]
ニ
≡
誉
二
〓

(
ヽ
J

〓
リ
ー
ヽ
.

くJ

ハU

ー4d -3d -コd +36】1 -24h -12h
Oh

､1~､i】11ei!1retation10(廿tLlati用1tda〉′S(汀hぐ-u∫S)
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Fig.4-4Representativepro丘1esintheintensltyOfestrousslgnSinbehavior,thevulva

andvaginaand estradiol-17β(E2)andLHin onelactating(No.10)andone non-lactating

(No.4)cowsthatshowedbehavioralsign,andinonelactating(No.11)andonenon-lactating

COWS(No.7)thatdidnotshowanybehavioralsign.
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Chapter5･Comparison betweenlactating and non-1actating cows on

Plasma progesteronelevelsin the caudalvena cava and theJugularvein

andluteinizinghormoneprofiles)andtheirassociationwithfbeding

5.1. Introduction

ThemainfunctionoftheCListosynthesizeandsecreteprogesterone,Whichregulates

the estrous cyclelength and maintains pregnancyin many species.Low circulating

COnCentrationsofprogesteroneduringthelutealphasemightreduce embryo survivalrates

(41,49).InChapter3,thelactatingcowshadlowerprogesteronelevelswhentheCLwas

developlng,WhichmaylmPlytheinfluenceofincreasedprogesteronemetabolismassociated

Withlactation(93,125)･However,WhentheCLwasfu11ydeveloped,thelactatingcowshad

higher progesterone concentrations than non-lactatlng COWS･It seems that the higher

PrOgeSterOneCOnCentrationinlactatlngCOWSmightresultfromincreasedsecretionstatusof

PrOgeSterOnebythefu11y-developedCL.

Theimportanceofluteotropichormonessecretedbythepltuitaryglandfbrnormalluteal

developmentandfunctionhasbeendemonstratedinmanyspecies.Luteinizlnghormoneis

theprlmaryluteotropICagent,andatemporalassociationbetweenLHpulsesandsecretionof

PrOgeSterOne WaS Observed duringthe early andmid-1utealphasein cattle(75,119).The

resultsinChapter3showedthatlactatlngCOWShadhigherfrequencyofLHpulsesduring

earlyto mid-1utealphasethannon-1actating cows.Althoughthe exactmechanismfbrthe

increaseinLHpulsesinlactatlngdairycowsremainsunclear,itislikelythatanalterationin

LHsecretionpatternsmaybeassociatedwithlutealactlVltyOfsteroidogenesis･

Catheterizationatapolntnaturallyclosetotheovary,forexample,thecaudalvenacava,

hasbeenutilizedtofacilitatecollectionofbloodcontainlnghighconcentrationsofovarian

SterOidhormonesbefbretheyaremetabolizedbytheliver(6,65,89,119).Bloodsamples
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frequentlycollectedfromthecaudalvenacavawouldprovidedetailedinformationregarding

thesecretionstatusofprogesteronefromtheCL･Furthermore,PrOgeSterOneCOnCentrationin

the circulating blood renects the balance between secretion and metabolic status of

PrOgeSterOne.Thispromptedtheideathatmetabolicstatusofprogesteroneinlactatingand

non-1actatlngCOWSCOuldbeinftrredfromthedif托renceinprogesteroneconcentrationsatthe

SeCretedlevel(i.e.inthecaudalvenacava)andthecirculatinglevel(i.e.inthejugularvein).

Inaddition,PreVious studiesincows(60,115)and sheep(67,68)havedemonstratedthat

ftedinglnCreaSedblood nowto theliver and thereby elevatedmetabolic rates ofsteroid

hormones.Lactatlng COWS requlre greater fbedintake fbr milk production compared with

non-1actatlng COWS.Therefbre,Ihypothesized that greater changesin progesterone

COnCentrationinthejugularveinwouldbeobservedafterfbedinglnlactatlngCOWSthanin

non-lactatlngCOWS,OWlngtOthegreaterchangesinmetabolicratesofprogesterone.

The丘rstobjectiveofthepresentstudywas to assesstheprogesterone pro丘1es atthe

SeCretedlevel(in the caudalvena cava)and the circulatinglevel(inthejugular vein)in

lactatlngandnon-1actatlngdairycows.Thesecondo句ectivewastoexaminetheassociation

betweenLHpulsesinthejugularveinandprogesteronesecretionpatternsinthecaudalvena

CaVa,Withreferencetofbeding.

5.2. Materialsandmethods

エ2.J.d〝f〝‡αね

Fourlactating(twoprimiparousandtwomultiparous:4.5士2.4yearsofage;102.5土

15.6days postpartum;milk yield of25.5士3.6kg/day)and
fbur
non-1actating(One

Primiparousandthreemultiparous;6.0士2.2yearsofage;570.3土238.6dayspostpartum)

WereuSedinthisstudy･AtthebeglnnlngOfthestudy,BWwere637.5j:80.7and731.5士
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39.Okgforlactatingandnon-1actatingcows,reSPeCtively(P>0.1),andtheirBCSwere3.2士

0.3and3.6士0.3,reSPeCtively(P>0.1).

エ2.2.且甲ピア加‡g〝ねJタr(,Cg〟〟rg

Thestudywasstartedfromthebegirmingofthecycle(DayO:dayofovulation)untilthe

endofthecycle,fbrwhichsubsequentovulationwascon丘rmed.FortheanalysISOffo11icular

andlutealdevelopment and plasma progesterone,OVarian ultrasonography and blood

SamPlingwereconductedeveryotherdayfromDayOtoDay14andthendailythroughthe

CyCle,aSdescribedinChapter2.Fortheanalysesofprogesteroneinthecaudalandjugular

VeinsandLHinthejugularveln,Catheterizationintobothveinswasconductedononeday

duringthemid-1utealphase(DaylO,11,120r13),aSdescribedinChapter2.Ontheday

aftercatheterization,frequentblood samplingwas conducted at15-minintervals fbr12h

(0500to1700h).Allcowswerekeptunftdfbr6hbefbrethestartofthefrequentblood

SamPling,andthenftd50%ofthedailyamountofdietat6hafterthestartofsampling(1100

h).Theremaining50%ofthe dietwasftd a氏erthe endofsampling.Cowswerekeptin

designatedpenslocatednexttothefree-Sta11areafromthedayofcatheterizationuntiltheend

Offrequentbloodsamplingfortwodays;Otherwise,theyweremanagedinthesamemanner

astheirherdmates.

エ2.j.βわ♂d∫α〝甲〟〝gα〃〟α∫∫り′∫

Bloodsamples(10ml)duringtheestrouscyclewerecollectedbyjugularvenipuncture

into heparinized
vacutainers(VenqjectII,Ttrumo,Tbkyo,Japan).Blood samples(6ml)

COllectedfromthecatheterizedcaudalandjugularveinsduringthefrequentsamplingwere

COllectedinto testtubes that containedlOIU heparin.The obtained blood samples were

PrOCeSSedforhormone assays as describedinChapter2.In addition,forblood chemica1
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analyses,bloodsamples(10ml)werecollectedatthebeginningandtheendofthefrequent

blood
sampling(6h

befbre and6h a氏er fbeding)into vacutainersfor serum SeParation

(VenqjectII,Terumo,Tbkyo,Japan).Bloodwasallowedtocoagulateatroomtemperaturefor

lh,Centrifugedat3,000rpm(1,750×g)for20minat40C,andserumwasstoredat-200C

untilassay.

PlasmaconcentrationsofprogesteroneandLHweremeasuredasdescribedinChapter2･

Fortheprogesteroneassay,theintra-andinterassaycoefncientsofvariationwere4･3%and

9.7%,and the sensitivlty
WaS O.14ng/ml.For the LH assay,theintra-andinterassay

COefncientsofvariationwere5.4%and8.8%,andthesensitivltyWaSO.09ng/ml.

Serum concentrations of totalcholesterol,blood urea
nitrogen(BUN),aSPartate

aminotransfbrase(AST)andgammaglutamyltranspeptidase(†-GTP)wereanalyzedusingan

automatic analyzer(Dri-Chem4000,FltiiFilm,Tbkyo,Japan).Serum concentrations of

glucose andnon-eSteri丘edfatty acids(NEFA)were analyzedusing commercialassaykits

accordingtothemanufacturer'sinstructions(WakoPureChemicalCo･,Osaka,Japan)･

∫.エイ.∫J〟J由ん･〟J〟J川什∫ど∫

Tbassessdatafbrfbllicularandlutealdiameter,PrOgeSterOneandLHpro丘1es,andblood

ChemicalanalysIS,tWO-WayANOVAwithrepeatedmeasureswasusedfbrdetermlnlngthe

丘xed efEbcts ofgroup and time and theirinteraction.When slgni丘cant difftrences were

detected,Turkey'sposthocfo1low-uPteStOrStudent'st-teStWereuSedtodetectslgni丘cant

di能rences among groups within time and among time within groups.Tb assess hourly

Changesin AUC ofprogesterone relative to ftedingfor each group,Dunnett-s multiple

COmParisonmethodwasusedtodeterminetheslgni丘canceofvaluesincomparisonwiththe

Valueoflhbeforefbeding.
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PulsatilepatternsofLHinthejugularveinandprogesteroneinthecaudalvenacava

wereanalyzedbyclusteranalysisprogram(116),andthetemporalrelationshipsbetween

pulsesofLHinthejugularveinandprogesteroneinthecaudalvenacavaweredeterminedas

describedinChapter2.Difftrencesbetweengroups(1actatingvs･nOn-1actating)weretested

uslngChi-SquaredanalysIS.

5.3.Results
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Thelengthofestrouscycle(interovulatoryinterval)didnotdifftrbetweenlactatingand

non-lactatingcows(21.5士1.2and20.8土0.6days;mean土SD)･MeandiametersoftheCL

duringmid-1utealphase ofDays8-14werehigher(P<0･01)inlactating cowsthanin

non-1actatingcows(25.5士2.4and23.0士0.8mm,reSPeCtively)･Meanconcentrationsof

progesteroneduringmid-lutealphaseofDays8-14werehigher(P<0･05)inlactatingthan

in non-1actating cows(7.1j=2.O and5･9士0･9ng/ml,reSPeCtively),although mean

concentrationsofprogesteroneduringearlylutealphaseofDaysO-6didnotdifftrbetween

lactatingandnon-lactatingcows(2.7士1.7and2.4士1.4ng/ml).Therewasnodifftrence

betweenlactatlng and non-1actatlng COWSin terms ofthe growth rate ofthe丘rst wave

dominantfb11icles(1.2±0.4and.0.9土0.2mm/d)andthemaximaldiameterofthenrstwave

dominantfollicles(14.8士2.6and14.7士2.Omm).
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Representativepro丘Iesofprogesteroneconcentrationsinthecaudalvenacavaandinthe

jugularveinandpulsatileLHsecretioninthejugularveininonelactating(No･6)andone

non-1actatingcow(No.1)areshowninFig.5-1.InadditiontoLHpulses,PulsatilepatternOf

PrOgeSterOne(asterisksinFig.5-1)wasalsodeterminedfbrthebloodsamplesinthecauda1
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VenaCaVa.Progesteroneconcentrationsinthecaudalvenacavawereqpproximatelytentimes

higheronaverage,thanthoseinthejugularvein(Table5-1).Whencomparisonsweremade

betweengroups,meanPrOgeSterOneCOnCentrationsinthecaudalvenacavaduringthe12-h

frequentsamplingperioddidnotdifftrbetweenlactatingandnon-lactatingcows(49.0士29.2

and53.3士51.9ng/ml).However,inthejugular vein,mean PrOgeSterOne COnCentrations

duringthe12-hsamplingperiodwerehigherinlactatingcowsthaninnon-1actatingcows(6.4

土1.8and.5.6土1.4ng/ml,P<0.001).Forprogesteronepulsesinthecaudalvenacava,a

totalof26pulsesweredetectedinallsamplingperiodsoflactatlngCOWS.Thisvaluewasthe

Same aS that ofnon-1actating cows(26pulses).In addition tofrequency ofprogesterone

Pulses(6.5土0.7and6.8土1.4pulses/12h;Table5-1),basa11eveland amplitude of

PrOgeSterOnePulsesdidnotdifftrslgni丘cantlybetweenlactatlngandnon-1actatlngCOWS.

エj.j.上〟ねf〝たゎg 加r椚〃〃ビタr〃7Jg′〝′如ノ〟g〟血rγg血∫ α〝〟ぬ α∫∫〃Cね′わ〝W肋
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ForLHpulses,tOtalsof28and17pulsesweredetectedinthewholesamplingperiodsof

lactatlng andnon-1actatlng COWS,reSPeCtively.Thefrequency ofLHpulses washigherin

lactating cowsthaninnon-lactating cows(7.0±1.4and4.3士1.9pulses/12h,P<0.05;

Tbble5-2).TheothercharacteristicsforLHsecretionsuchasmeanconcentration,basallevel

andamplitudeofLHpulseswerenotdif托rentbetweenthegroups.MostoftheLHpulses

Weredetectedinassociationwithprogesteronepulsesinthe caudalvenacava.Duringthe

Whole sampling period,the percentage ofLH pulses that werefollowed by a pulse of

PrOgeSterOneWaS71･4%(20/28)and88.2%(15/17)inthelactatingandnon-1actatingcows,

respectively,Without slgni丘cant difftrence between the groups.AIso,the percentages of

PrOgeSterOne Pulses thatfo1lowed a LH pulse were not diffbrent betweenlactatlng and

non-1actatingcows(73.1%(19/26)and61.5%(16/26),reSPeCtively).
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Tb examine theinfluence of fteding on progesterone and LH pro丘1es,mean

COnCentration,Pulsefrequency,Pulseamplitude,andbasallevelduringpre-fteding6hwere

COmParedwiththoseduringpost-fteding6h.Inthecaudalvenacava,meanCOnCentration

andpulse amplitudeofprogesteronewerehigher(P<0.05)duringpost-fteding6hthan

duringpre-fteding6h丘)rthebothlactatingandnon-lactatingcows(Tbble5-1),butbasa1

1eveland pulsefrequency
didnot change slgni丘cantly.Inthejugularveln,however,the

influence of fteding on progesterone concentrations dif托red betweenlactatlng and

non-1actatlngCOWS.InlactatlngCOWS,meanPrOgeSterOneCOnCentrationinthejugularvein

waslower(P<0.05)duringpost-fbeding6hthanduringpre-fteding6h･Conversely,in

non-lactatlngCOWS,meanPrOgeSterOneCOnCentrationinthejugularveintendedtobehigher

(P=0.054)during post-fteding6h than during pre-fteding6h･Consequently,mean

COnCentrationduringpost-fbeding6hdidnotdifftrbetweenlactatlngandnon-1actatlngCOWS,

althoughmeanconcentrationduringpre-fteding6hwashigher(P<0･05)inlactatingcows

thaninnon-1actatlngCOWS.

HourlychangesinprogesteroneAUCrelativetoftedinglnthecaudalandjugularveins

areshowninFig･5-2･InlactatlngCOWS,theprogesteroneAUCinthecaudalvenacavawere

greater(P<0.05)duringtheperiodfromOto2hafterftedingthanthevalueoflhbefore

fteding.Conversely,theprogesteronelevelsinthejugularveinwerelower(P<0.05)during

theperiodfromlto4and5to6hafterfbedingthanthevalueoflhbeforefbeding･In

non-1actatln写COWS,nO Slgnificant
difftrences were detected on the progesterone AUC

throughoutthesamplingperiodinthebothcaudalandjugularveinscomparedwiththevalue

Oflhbefbrefteding.
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Pro丘1es of LH secretion were notinfluenced by fbeding;Pulsefrequency,mean

COnCentration,andpulseamplitudeandbasallevelofLHdidnotdifftrslgni丘cantlybetween

Pre-ftedingandpost-fteding6hforthebothgroups(Table5-2).

∫.j.エ βわ〃〟c舶用わαノダrq伸由

Therewasno slgni丘cantdifftrenceontheconcentrationsforanyparametersbetween

thesamplesco11ected6hbeforeand6hafterftedingforthebothgroups.So,Valuesoftwo

SamPleswerecombinedandtheaverageswerepresented(1払ble5-3).Asigni丘cantdifftrence

betweenlactatlng and non-lactatlng COWS WaS detectedfor the concentrations of total

Cholesterol(224.5j=51.8and79.9士10.4mg/dl;P<0.01).In addition,ASTvalue was

Signi丘cantlyhigherinlactatingcowsthaninnon-1actatingcows(74.6士6.2and50.0士7.O

U/l;P<0.01),butalltheindividualvaluesforbothlactatingandnon-1actatingcows(rangeS:

65-85and40-61U/1,reSPeCtively)werebelowthesuggestedrefbrencevalue,<132U/1

(81).No signi丘cantdiffbrence was detectedbetweenthe groups fbrthe concentrations of

glucose,NEFA,BUN,andγ-GTP.

5.4. Discussion

ThepresentstudydemonstratedthatlactatlngdairycowshadgreaterfrequencyofLH

Pulses,higher progesterone concentrations andlarger CL size during mid-1utealphase

COmPared with non-1actatlng COWS,in agreement with the丘ndingsin Chapter3.In the

PreSentStudy,frequencyofLHpulseswashigherinthelactatingcows(mean;7.Opulses/12

h)thaninthenon-lactatingcows(4.3pulses/12h),Orthepreviouslydescribedobservationin

non-lactating cows(3.6pulses/12h(119)).Peripheralprogesterone concentrations are

COnSidered as anetresultofsecretionandmetabolism.As apossible explanation fbrthe

highercirculatingconcentrationsofprogesteroneinthelactatlngCOWS,fo1lowlnglSelicited･
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ItislikelythatgreateramountsofprogesteroneweresecretedfromtheCLinthelactatlng

COWSthaninthenon-1actatlngCOWS,eVenthoughlactatlngCOWShavehigherprogesterone

metabolicratethannon-1actatingcows(93,115)･AsdiscussedinCh叩ter3,thelargerCLin

diameter oflactatlng COWS SeemS tO be one of main factorsinvoIvedin the greater

PrOgeSterOnePrOduction,becauselutealtissuevolumehasbeenfoundtobecorrelatedwith

thecirculatingprogesteroneconcentrationinsomestudies(56,90).

Tbassessthesecretedlevelofprogesteroneinthisexperiment,Catheterswerea句usted

totherespectivelengthfbreachcowbymeasurlngPrOgeSterOneCOnCentrationsinvenacava

bloodcollectedby5-Cmgradationofcatheterlengthinserted,aSPrOPOSedbyBenoitand

Dailey(6).The progesterone concentrationsin the caudalvena cava blood were

approximatelytentimeshigherthanthoseinthejugularblood,andsufncientlyfu1mledthe

Criteria that blood samplesfrom the caudalvena cava have atleast three-times higher

COnCentrationsofprogesteronethanperipheralblood(6,65,119).However,nOdifftrence

COuldbedetectedbetweenthetwogroupsfbrprogesteronepro丘1esfromthecaudalblood

SamPles･Thismightbepartiallyduetothewiderfluctuationsofprogesteroneconcentrations

throughthefrequentsamplingtlmeinthecaudalvenacavathaninthejugularveln,theshort

SamPlingperiodandthesmallnumberofanimalsexaminedinthisstudy･Besides,although

blood collectedfrom the caudalvenacavacontained greater amount ofovarian steroids

befbremetabolizedbytheliver,thehormonalconcentrationmightbeinnuencedbyblood

nowrateatthesamplingposition.

Itiswe11recognizedthatonsetoflactationanercalvinglSaCCOmPaniedbyincreasesin

thebloodvolume,Cardiacoutput,mammarybloodflow(10),andbloodnowthroughthe

gastrointestinalorgans andliver(51,88),aimingtoprovidetheudderwithnutrients and

hormonesforregulationofmilksynthesis(109).Inaddition,ftedingcausesrapidchangesin

Circulatorysystem,SuChasincreaseinheartrates andbloodpressure(7)andincreasein
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blood now to the portaland hepatic
veins(51,123).IfchangeSin bloodflow occur,

COnCentrations ofovarianhormonesatthe samplingpositionwithinthe caudalvenacava

COuldvaryapparently.Inthepresentstudy,fteding50%ofthedailyamountofdietcauseda

Slgni丘cantincreaseintheprogesteroneconcentrationsinthecaudalvenacavafortheboth

groups.Suchapost-ftedinglnCreaSeinprogesteroneconcentrationsinthecaudalvenacava

hasbeenreportedinastudyonearlypregnantgilts(117),andtheauthorshavespeculatedthe

PreSenCeOfadirectefftctofmetabolicmediator(suchasinsulin)onovaries.Inthepresent

Study,Changesin progesterone AUC were determined fbr the accurate estimation ofthe

SeCretedamountofprogesteronefromtheCLintothebloodstream.Asaresult,Slgni丘cant

increaseintheprogesteroneAUCwasfbundfromOto2hafterfbedinglnthelactatingcows.

Thisincrease seemedtooccurinconsistentwiththeperiodwhenthelactatlngCOWSWere

eatlng their diets･In contrast,SuCh a slgni丘cantincreasein progesterone AUC was not

detectedin the non-lactatlng COWS.Itis possible that,in addition to difEbrencesin fbed

(amount,energydensity,Ornutrientcomposition),Physiologicalresponsestoftedingsuchas

intakeanddigestibility ofthediets,bloodflowchangestothe splanchniccirculation,and

metabolicandhormonalresponsescoulddifftrbetweenlactatlngandnon-1actatlngCOWS.

Comparisonofpulsatilepatternsofprogesteroneinthecaudalvenacavabetweenpre-

andpost-ftedingperiodshowedthatftedinginfluencedthepulseamplitude,butnotthebasal

levelandpulsefrequencyfbrthebothgroups･Theseresultsindicatethattheincreasedpulse

amplitude ofprogesterone could mainly contribute to theincreasein meanprogesterone

COnCentrations during post-fteding period･During thefrequent sampling periods,a high

PrOPOrtionofLHpulseswerefo1lowedbypulsesofprogesteroneinthecaudalvenacava

(71･4and88･2%inthelactatingandnon-1actatingcows),SuggeStingatemporalassociation

betweenLHpulsesandsecretionofprogesterone(75,119).BasedontheresultsinChapter3,

IsupposedthattheincreaseinfrequencyofLHpulsesinlactatlngCOWSWOuldstimulate
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PrOgeSterOneSeCretionbytheCL,Whichcouldbedetectedfromtheprogesteronepro丘1esin

thecaudalvenacava･Indeed,thepresentstudyalsocon丘rmedthatlactatingcowshadhigher

frequency ofLHpulses and circulating concentrations ofprogesteronethannon-lactatlng

COWS.However,furtherdifftrencesbetweenthegroupswerenotfoundintheassociationof

LHpulseswiththeintheprogesteronesecretionpatternsinthecaudalvenacavathroughthe

Pre-andpost-ftedingperiods.Alternatively,Inoticedthatalowproportionofprogesterone

Pulses occurredin the absence ofLH pulse,and that ftedinglnCreaSed the progesterone

COnCentrationsinthecaudalvenacavawithoutapparentalterationsintheLHpulsepattern.It

hasbeendemonstratedbyinvitrostudy(34)thatprogesteronesecretionbysma111utealcells

isstimulatedbyLHinadose-dependentmanner,butprogesteronesecretionbylargeluteal

CellsseemstobeindependentofLHstimulation(61).ItispossiblethatotherhormOnalor

non-hormonalfactorscouldstimulateprogesteroneproductionbytheCL,andtherebycause

aslgniBcantchangeinprogesteronepro丘Iesinthecaudalvenacavainrelationtotime of

fteding.Further studies arerequiredtoinvestlgatethe mechanisms on howfeeding cause

SuChachangeinprogesteronepro丘Iesinthecaudalvenacava,includingthemeasurementof

bloodflowatthesamplingsite.

On the other hand,fteding50%ofthe daily amount ofdiet decreased circulating

PrOgeSterOneCOnCentrationsinthelactatlngCOWS.This丘ndingconcurswiththepreceding

ObservationthatprovisionoflOOor50%oftheTMRtopregnantlactatlngCOWSdecreased

thecirculatingprogesteronebylha氏erfteding(115).However,inthepresentstudy,SuCha

decrease was not detectedin the non-1actatlng COWS･In fact,the mean progesterone

COnCentrationsin thejugular veinin the non-1actatlng COWS tended to be higher during

POSt-fteding6h than during pre-fteding6h,Which might renect theincreasein the

PrOgeSterOneCOnCentrationsinthecaudalvenacavaafterfteding.Itissuggestedthathigh

ftedintake resultsinincreasedliverblood nowandmetabolic clearance ofprogesterone,
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Whichdecreasesprogesteroneconcentrationinplasmaofsheep(67,68),Pigs(74),andcows

(125)･Particularlyinlactatingdairycows,aCOntinuoushighplaneofnutritionappearsto

Chronically elevateliver blood now and metabolic clearance rate ofprogesterone(93).

Therefore,difEtrencesinmetabolic clearance rates ofprogesterone betweenlactatlng and

non-1actatlng COWS COuld bring about difftrent pro丘1es of circulating progesteronein

responsetofteding.InlactatlngCOWS,Circulatingprogesteroneconcentrationmaybegreatly

influencedbytheelevatedprogesteronemetabolism,Whichcouldnegatethepost-fteding

increaseintheprogesteroneconcentrationinthecaudalvenacava･Innon-1actatlngCOWS,

however,ifmetabolicrateofprogesteronewasincreasedafterfteding,theef托ctwouldhave

littleinnuenceoncirculatingprogesteroneconcentrations.

Metabolicandnutritionalstatushasm句Orimpactsonovarianfunctionandfbrtilityln

dairycows(20)･Inearlypostpartumcows,negativeenergybalanceresultingfromincreased

milkproductioncanreducefbllicularandlutealactivltybydecreaslngIGF-1concentrations

inblood(91,105)･Thelactatingcowsusedinthepresentstudywereinmid-lactationperiod

(98･1土11･1dayspostpartum)andmaintainedtheirBCSandBWwithinanormalrange.Asa

result,nO Slgnificantdifftrencebetweenlactatlngandnon-lactatlngCOWSWaS detectedin

bloodchemicalprofilesexceptforASTandtotalcholesterol.Higherconcentrationsoftotal

CholesterolinlactatlngCOWSmayreneCtanalterationinlipidmetabolismtosupportlactation

(5)･Althoughtherewasasigni丘cantdifftrencefbrASTvaluesamongthegroups,a1lofthe

individualvaluesforbothlactatingandnon-1actatingcowswerewithinnormalrange(81).

ThehigherASTvaluesinlactatlngCOWSCOmParedwiththoseinnon-1actatlngCOWSWaS

interpretednotasapathologlCalcondition,butratherasana嘩ustmentofliverfunctiontothe

increasedmetabolicrequirementsformilkproduction(36).Asfortotalcholesterol,agreat

diffbrencewasfoundbetweenlactatingandnon-1actatingcows(224.5士51.8and79.9士10.4

mg/dl)･Thehigherconcentrationsoftotalcholesterolinthelactatingcowscomparedwith
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thosein the non-lactatlng COWS may reflect greater
ftedintake

and alterationsinlipid

metabolismtosupportlactation(5).Fromthesepoints,thecowsusedinthestudymightnot

havenutritionalproblemsthatcouldberelatedtosubnormallutealfunction･Thisissupported

bythe丘ndingsthatlactatlngCOWShadhighercirculatingprogesteroneanddevelopedlarger

CLduringmid-1utealphasethannon-1actatlngCOWS.Therefore,thepost-fbedingdecreasein

thecirculatingprogesteronedetectedonlyinthelactatlngCOWSislikelytheresultofelevated

SterOidmetabolismassociatedwithlactatingstatus(93,125).Inaddition,PreViousstudieson

Cattle(25,39)indicate that dietary energy positivelyinfluences LH pulsefrequency and

PlasmaconcentrationsofLHbyafftctlngthehypothalamicmechanismscontrollingGnRH

release･ThismayaccountfbrthegreaterfrequencyofLHpulsesinlactatlngCOWSObserved

inthepresentandpreviousstudies(115).

In summary,1actatlng COWS maintained we11-developed CL,and higherprogesterone

COnCentrationsinthejugularveinandgreaterfrequencyofLHpulsesduringthemid-luteal

Phasethannon-lactatlngCOWS.However,PrOgeSterOneCOnCentrationsinthecaudalvenacava

WerenOtdif托rentbetweenlactatlngandnon-1actatlngCOWS･Whilepro丘1esofLHsecretion

WerenOtinnuencedbyfteding,PrOgeSterOnePrO丘1esinthecaudalvenacavaandthejugular

Veinchangedinrelationtofヒedingandthesechangesexhibiteddifftrentpatternsbetween

lactatlng and non-1actatlng COWS.Progesterone concentrationsin the caudalvena cava

increasedafterftedingfbrbothgroupsofcows,Whereasprogesteroneconcentrationsinthe

JugularveinweredecreasedinlactatlngCOWSbutnotinnon-1actatlngCOWS･Theseresults

SuggeStthattheincreaseinprogesteronemetabolismafterftedinglSSOdramaticinlactatlng

dairycowsthatitcandecreaseprogesteronelevelsincirculatingblood･
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Tbble5-1Progesterone(P4)pro丘1esinthecaudalvenacava(CVC)andthejugularvein(JV)

duringwhole12h,Pre-andpost-fbeding6h
samplingperiodsinlactating(n=4)and

non-1actating(n=4)cows.

Vein P4Character Group Whole12h Pre-fbeding6h Post-fbeding6h

CVC Meanconcentratiol- Lactatlng 49･0士29･2 41･8j=22.OX

JV

(ng/ml)

Basa=evel

(ng/ml)

Pulsefrequency

(pulses/12hor6h)

Pulsearnp)itudea)

(11g/1111)

Mean
concentration

(1-g/ml)

Non-lactatlng

Lactatlng

Non-lactating

Lactatlng

Non-lactatlng

Lactatlng

Non-1actatlng

Lactatlng

Non-1actatlng

53.3土5l.9

32.8士17.3

3Ll土16.6

6.5士0.7

6.8土1.4

57,3士33.1

57.4士73.1

6.4土1.8b

5.6土l.4C

46.1士41.5X

32.5士15.9

26.2士10.1

3.0士0.8

3.5士0.6

38.3±20.6

38.1土49.lX

6.7士1.8bx

5.4士1.4Cて●

56.5士33.7y

60.8士60.3y

33.1士19.1

36.3士20.7

3.5士1.3

3.3士1.3

67.0土36.7y

78.3土80.9y

6.1土1.8y

5.8士l.4■｢

ValuesaremeanandSD.

a)pulsearnPlitudewascalculatedbysubtractlngthemaxima]concentrationofapulsefromthe

COnCentratjonprecedingthepulseandexpressedasng/ml･

b､CDiffbrentsuperscriptswithinacolumnindicatesigni丘cantdifftrences(P<0.05)between

lactatlngandnon-1actatingcows･

X'yDifftrentsuperscriptswithinarowindicatesigni丘cantdifftrences(P<0.05)betweenpre-

andpost-fteding6h.

i'Therewasatendency(P=0･054)foradifftrencebetween6hpre-and6hpost-fteding

withinarow.
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1臨ble5-2Luteinizlnghormonepromesinthejugularveinduring whole12h,Pre-and

POSt-fteding6hsamplingperiodsinlactating(n=4)andnon-lactating(n=4)cows.

LHcharacter Group Whole12h Pre-fteding6h Post-fbeding6h

Meanconcentration

(ng/ml)

Basa)1evel

(ng/ml)

PuIsefrequency

(Pulses/12hor6h)

AmpJitudea)

(ng/ml)

Lactatlng

No11-lactatlng

Lactatlng

Non-1actatlng

Lactatlng

Non-1actatlng

Lactat]ng

Non-1actatlng

0.34士0.23

0.41士0.19

0.28土0.19

0.33土0.13

7.0士l.4b

4.3士1.9C

O.24士0.09

0.37土0.27

0.32土0.22

0.40土0.21

0.26士0.16

0.32土0.14

3.8士0.5

1.8士l.3

0.27士0.12

0.34土0.29

0.36士0.24

0.42士0,18

0.31士0.24

0.33土0.14

3.3土1.0

2.5士1.9

0.21士0.05

0.40土0.28

ValuesaremeanandSD.

a)pulseamp.itudewascalculatedbysubtractlngthemaximalconcentrationofapulsefromthe

COnCentrationprecedingthepulseandexpressedasng/ml･

blCDifftrentsuperscriptswithinacolumnindicatesigni丘cantdifftrences(P<0.05)between

lactatlngandnon-1actatlngCOWS･
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1払ble5-3Bloodchemicalpro丘1esin1actatingandnon-lactatingcowsonthedayof丘equentblood

Sanlpling

Item Lactating(n=4) Non-lactating(n=4)

Glucose(mg/dl)

NEFA(いE叫)

Tbtalcholesterol(mgkll)

BUN(mgkll)

a)ASTN/l)

b)†-GTP(Un)

67.2土4.2

93.1士63.6

224.5士51.8C

ll.6士3.1

74.6土6.2C

33.0土7.0

71.4土6.4

83.6±33.9

79.9士10.4d

lO.4士3.6

50.0士7.Od

36.4士3.6

VduesaremeanandSD.

a)AST‥aSPartateaminotranSf己rase･

b)γ-GTP:gammaglutamyltranSPq3tidase･

C･dDifftre血SuPerSCriptswithinarowindicatesi如五cantdi飴rences(P<0.01).
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Figure5-1Representativepro丘Iesofprogesterone(P4)concentrationsinthecaudalvena

CaVa(CVC)andinthejugularvein(JV)andpulsatileLHsecretionintheJVinonelactating

Po･6)andonenon-1actatingcow(No･1)･AsteriskindicatesapeakofLHpulseintheJVor

P4PulseintheCVC･Arrowandbrokenlineindicatethetimewhenonehalfofthedailydiet

WaSPrOVided.

72



l･ノaCtZll~i慢Cl)WS(n=4)

言
･
-
a
l
≡
＼
警
ニ
〕
⊃
く
寸
(
岬

〓
二
乙
l
≡
㌢
-
二
/
∴
】

ー6

Not--1actat~i雪▼-gC(二)WS(--=4)

ー4 一三
0 2 4 6

≠6 -4 -2
0 つ 4 6

A鮎汀丘edjllg糾

Figure5-2Changesinareaunderthecurveofprogesterone(P4AUC)incaudalvenacava

(CVC)andthejugularvein(JV)afterfteding･Asteriskindicatesadifftrence(P<0.05)as

COmParedtothevalueof-1toOhafterfヒeding･Brokenlineindicatesthetimewhenonehalf

Ofthedailydietwasprovided.
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Chapter6･Changesin progesteroneconcentrationsin the caudalven

CaVaandthejugularveininresponsetopulsatileLHstimulationinduced

byGnRHtreatmentdurlngthemid-1utealphaseinlactatingdairycows
●

6.1.Introduction

TheresultsinChapters3and5indicatethatlactatlngdairycowswithnormalestrous

CyCleshavegreater丘equencyofLHpulses,higherprogesteroneconcentrationsandlargerCL

Sizeduringmid-1utealphasecomparedwithnon-1actatlngCOWS･Furthermore,inChapter5,it

isshownthatahighproportionofLHpulsesarefo1lowedbypulsesofprogesteroneinthe

Caudalvenacava･This丘ndingisconsistentwiththepreviousobservationsincattle(75,119),

andindicatesthatprogesteronesecretionbytheCLisstimulatedbythepulsatilesecretionof

LH･However,furtherstudiesarerequiredtoclarifytherelationshipbetweentheLHpulses

andprogesteronesecretioninlactatlngCOWS･InsplteOfthegreaterfrequencyofLHpulsesin

lactatlng COWS COmPared with non-1actatlng COWS,any difftrencein the progesterone

COnCentrationsandthedetectednumberofprogesteronepulsesinthecaudalvenacavawas

notdetectedbetweenthegroups.Thismaybeattributedtostatisticaldifncultiestodetectthe

Pulsesbecauseofthewidefluctuationsofprogesteroneconcentrationsthroughthefrequent

SamPlingtimeinthecaudalvenacavaandalsotothepresenceofprogesteronepulsesthat

Were nOt aSSOCiated with LH pulses･In addition to the observationalstudy,anOther

experimentalapproachis needed to determine howfrequency of LH pulses directly

influencesthelutealfunctionandsubsequentprogesteroneconcentrationsinthecaudalvena

CaVaandthejugularveininlactatlngCOWS.

Theo切ectivesofthepresentstudyweretoexaminethedirectassociationbetweenLH

Pulsesandlutealprogesteronesecretioninlactatlngdairycowsandtodeterminewhetheran

increaseinthefrequencyofLHpulseswouldinnuenceprogesteroneconcentrationsinthe
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Caudalvenacavaandthejugularvein･Forthesepurpose,thepresentstudyemployedlow

dose treatment of GnRHin order toinduce endogenous LH pulses of physiologlCal

magnitudeincows[5,6]･Tbassessthesecretionpatternsofprogesterone,bloodsampleswere

COllectedfromthecaudalvenacavaandthejugularvein.

6.2. Materialsandmethods

丘2.J. d〝よ椚αね

FivelactatingHoIsteindairycows(oneprimiparousandfburmultiparous;5.1j=2.1

yearsofage;95･1士34･Odayspostpartum;25.5土4.Okgofdailymilkyield)wereusedin

thisstudy･AtthebeglnnlngOfthestudy,theirBWandBCSwere680士59･1kgand3･4±0･3,

respectively.

∂.2･2･且甲抑血馴血ノダr〃Cg血rg

Thestudywasstartedfromthebeginningoftheestrouscycle(DayO:dayofovulation)

untiltheendofthecycle,fbrwhichsubsequentovulationwascon丘rmed.Cowsweretreated

withGnRH-(GnRHgroup;n=4)orsaline-(Salinegroup;n=3)duringtheexperiment.Two

Ofthreecowsinthesaline-treatedgroupwere asslgnedagainfbrGnRHgroupafterthey

SPentatleastoneuntreatedestrouscyclebeforetheGnRH-treatmentCyCle･FortheanalysIS

Offbllicularandlutealdevelopmentandplasmaprogesterone,OVarianultrasonographyand

bloodsamplingwereconductedeveryotherdayfromDayOtoDay14andthendailythrough

thecycle,aS describedin Chapter2･Forthe analyses ofprogesteroneinthecaudaland

JugularveinsandLHinthejugularvein,Catheterizationintobothveinswasconductedon

Onedayduringthemid-1utealphase(DaylO,11,120r13),aSdescribedinChapter2.Onthe

dayaftercatheterization,COWSWeretreatedintravenouslysixtimeswithGnRH(2.5トtgOf

gonadorelinacetate(LH-RHiItiection,rIbnabeSeiyakuCo.,Ltd.,Osaka,Japan)in2mlof
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Sterile O･9%w/v NaCIsolution)forthe GnRH group or2mlofsterile O.9%w/vNaCI

SOlutionforthesalinegroupatl-hintervalsviathejugularcatheter,beglnnlngatllOOh.

Bloodsamples(6ml)forLHandprogesteronedeterminationwerecollectedfromtheboth

Veinsat12-minintervalsfor12h(0500to1700h);Pre-treatment6handpost-treatment6h.

Thesamplingintervalwasshortenfrom15-min(Chapters3and5)to12-mininthepresent

Studyfor more accurate analysIS Ofpulsatile patterns.The obtained blood samples were

PrOCeSSed as describedin Chapter2.Tb excludethepossibleinnuence offヒedintake on

measuredparameters,reSidualftedwereremovedbefbrethebeginnlngOfbloodsampling,

and25%ofthedailyamountofTMRwasprovidedat3hand9ha氏erthebeginnlngOf

bloodsampling(0800and1400h).

丘2.j.助r〝雀〃〝gα∫∫り′∫

PlasmaconcentrationsofprogesteroneandLHweremeasuredasdescribedinChqpter2･

Fortheprogesteroneassay,theintra-andinterassaycoefncientsofvariationwere3.4%and

7･4%,and the sensitivitywas O･03ng/ml.For the LH assay,theintra-andinterassay

COefncientsofvariationwere6･1%andll･9%,andthesensitivltyWaSO･09ng/ml

`･エイ･∫J〝血涙〟J〝ノーl･∫ビ.y

InonecowinGnRHgroup,bloodsamplescouldnotbecollectedfromthecaudalvena

CaVabecauseofdifncultyofcatheterization,therefore,Onlythesamplescollectedfromthe

｣ugularveinofthis cowwereincludedfordataanalysIS･DataforLH andprogesterone

PrO丘1es were evaluated by repeated measures ANOVA uslng GLM procedure of SPSS

SO氏wareversion20.0forWindows.TheANOVAmodelincludedthe丘xedefftctstreatment

group(GnRH,Saline)andperiod(pre-treatment,treatment)andtheirinteraction.Whena
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Slgni丘cantdifftrencewasdetected,di脆rencesamonggroupswithineachperiodoramong

PeriodswithineachgroupwereanalyzedbypalrWiset-teStOrMann-WhitneyUtest.

PulsatilepatternsofLHinthejugularveinandprogesteroneinthecaudalvenacava

Were analyzed by clusteranalysisprogram(116),andthetemporalrelationshipsbetween

PulsesofLHinthejugularveinandprogesteroneinthecaudalvenacavaweredetermined,

asdescribedinChapter2･DifftrencesbetweengroupsweretesteduslngFisher'sexacttest.

6.3. Results

丘j･J･上〟ねαJ(ねγgJ叩,椚e〃J〟〟r加g′如甜J川〟∫αCJg

Basedonovarianultrasonography,therewasnoslgni丘cantdifftrencebetweentheGnRH

andsalinegroupsintheestrouscyclelengthsubjectedtotheexperiment(22.5士2.5and22.3

±1･2days;meanj=SD),andmeanCLdiameterduringthemid-lutealphaseofDays8-14

WaS24･2士1･9and24･8j=0･3mm,reSPeCtively･ThedayofluteolysIS,aSdeterminedbythe

de丘nitiondescribedinChapter2,WaSnOtSlgni丘cantlydiffbrentbetweenGnRHandsaline

groups(17･3土1.5and17.5士2.4days).

丘j･2･∫gcrgJわ〝クα伽r〃∫q/上方加′如ノ〟g〟血rγg′〝α〝〟pr〃gg∫おr〃〝g血助gcα〟血Jγg〃α

Cαγαα〝〟助gノ〟g〟血rγg∫〝

RepresentativeprofilesofLHinthejugularveinandprogesteroneinthecaudalvena

CaVaandthejugularveinforcowstreatedwithGnRHorsalineareshowninFig.6-l.

HourlyiruectionsofGnRHinduced5･3士0･5LHpulsesduringthepost-treatment6h,

Whichwasgreater(P<0･05)thanthoseinsaline-treatedcows(3.0士0,Opulses/6h;恥ble

6-1)･ThepeakofLHpulsewasdetectedwithin120r24min(mean,18.6j=6.1min)after

eachGnRHiItJeCtion･MeanLHconcentrationswereincreasedbyGnRHtreatment,andthe

meanLHconcentrationsduringthepost-treatment6hwashigher(P<0.05)inGnRHgroup
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thaninsalinegroup(0･50土0.12andO.38j=0.09ng/ml).BasalLHconcentrationsinGnRH

groupwereincreasedfromO･23±0･04ng/mlduringthepre-treatmenttOO･38土0･06ng/ml

duringthepost-treatment6h(P<0･05),butwerenotdifftrentfromthoseinsalinegroup.

AmplitudeofLHpulseswasnotchangedbyGnRHorsalinetreatments,andtheamplitudeof

LHpulsesduringthepost-treatment6hinGnRHandsalinegroupswasO.30土0.12andO.44

士0.12ng/ml,reSPeCtively.

Changesinprogesteroneconcentrationsinthe
caudalvenacavaandthejugularvein

during the12hfrequent blood sampling are shownin Fig.6-2,and characteristics of

PrOgeSterOnePulsesinthecaudalvenacavaandthejugularveinaresummarizedinl払ble6-2.

ProgesteroneconcentrationsinthecaudalvenacavawereincreasedbyGnRHtreatment,and

meanprogesteroneconcentrationsduringthepost-treatment6hwerehigher(P<0.05)in

GnRHgroupthaninsalinegroup(74.8±54.9and45.3土20.2ng/ml).Basalprogesterone

COnCentrationsinthe caudalvenacavain GnRH groupwereincreasedfrom29･1土11･4

ng/mlduringthepre-treatmenttO43.6土21.8ng/mlduringthepost-treatment(P<0.05),but

noslgni丘cantdifftrencewasdetectedbetweenGnRHandsalinegroupsinbasalprogesterone

COnCentrationsin the caudalvena cava during the post-treatment6h･Frequency of

PrOgeSterOnePulsesinthecaudalvenacavawasnotchangedbyGnRHorsalinetreatments,

andthefrequencyofprogesteronepulsesinthecaudalvenacavaduringthepost-treatment6

hinGnRHandsalinegroupswas4･3j=0･6and3･3士0･6pulses/6h,reSPeCtively･Amplitude

OfprogesteronepulsesinthecaudalvenacavawasincreasedbyGnRHtreatment,andthe

amplitude ofprogesterone pulses during6-htreatmentperiod were higher(P<0.05)in

GnRHgroupthaninsalinegroup(97.7j=16.9and51.8士33.8ng/ml).

ProgesteroneconcentrationsinthejugularveinwerenotdifEtrentbetweenGnRHand

Salinegroupsduringthepre-treatment6h(mean,6.0士1.5and5.7±1.7ng/ml;Table6-2

andFig･6-2)･However,PrOgeSterOneCOnCentrationsinthejugularveinwereincreasedby
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GnRHtreatment,andmeanprogesteroneconcentrationsduringthepost-treatment6hwere

higher(P<0･05)inGnRHgroupthaninsalinegroup(7･0士2･Oand5.4士1.4ng/ml).No

Slgni丘cantdifftrence wasdetectedbetweenGnRHandsalinegroupsincharacteristicsof

Pulsatile pattern of progesterone(Pulsefrequency,basa11eveland pulse amplitude).

Progesteroneconcentrationsinthejugularveinat24,48,and72hafterthetreatmentdidnot

di脆rsigni丘cantlybetweenGnRHandsalinegroups(mean,6.6士1.6and6.2士1.3ng/ml).

丘j･j･d∫∫〃ぐね血〝q/上方p〟血錯∫〃′ゐgノ〟g〟血rγg血仇,肋βr〃gg∫おrβ〝gp〟血錯f〝助g

Cα〟血Jγg〝αCαγαα〝〟助gノ〟g〟血γVg血

TheproportionofprogesteronepulsesthatfollowedanLHpulsewithin60minofthe

PeakoftheLHpulse(i･e･LH-aSSOCiatedprogesteronepulses)werecalculatedtoexamine

theassociationofLHpulsewithprogesteronepulsesinthecaudalvenacavaandthejugular

Vein(1もble6-3).

Inthecaudalvenacava,theproportionofLH-aSSOCiatedprogesteronepulsesduringthe

POSt-treatment6hinGnRHgroup(12/13;92.3%)wasgreater(P<0.05)thanthatduringthe

Pre-treatment6h(8/13;61･5%),butwas notdifftrentfromthosein saline group(7/10;

70･0%)･TheintervalfromthepeakofLHpulsetothepeakofprogesteronepulseduringthe

POSt-treatment6hwasll･0±13･0(range,Oto36)and16.0±12.4(range,Oto36)minin

GnRHandsalinegroups,reSPeCtively(P>0.1).

Inthejugularvein,theproportionofLH-aSSOCiatedprogesteronepulseswasnotchanged

Slgni丘cantlybyGnRHorsalinetreatments･TheintervalfromthepeakofLHpulsetothe

Peakofprogesteronepulseduringthepost-treatment6hwas18.5士13.5(range,Oto36)

and30･0士12･6(range,12to48)mininGnRHandsalinegroups,reSPeCtively(P>0.1).

DataofallcowsinsalineandGnRHgroupswerecombinedandcomparisonwasmade

betweenthecaudalvenacavaandthejugularveinintermsofthoseobservations.Of52
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Pulsesofprogesteronedetectedinthecaudalvenacavainallcowsexamined(threecowsin

SalinegroupandthreecowsinGnRHgroup),73･1%(38/52)ofprogesteronepulseswere

associatedwithLHpulses.Asforprogesteronepulsesinthejugularveln,Of54pulsesinall

COWSeXamined(threecowsinsalinegroupandfourcowsinGnRHgroup),68.5%(37/54)

OfprogesteronepulseswereassociatedwithLHpulses,andnoslgni丘cantdi鮎rencewas

detectedcomparedwiththatinthecaudalvenacava.However,themeanintervalfromthe

PeakofLHpulsetothepeakofprogesteronepulseinthe caudalvenacavainallcows

examinedwasll亡4土11,3min,Whichwasdifftrentfromthatinthejugularvein(19.5±

13.1min,P<0.01).

6.4. Discussion

The hourly pulsatile treatment oflow dose GnRH tolactatlng dairy cowsinduced

Pulsatile LH secretionofgreaterfrequencycomparedwiththatinthe salinegroup,Which

resultedintheincreasesinprogesteroneconcentrationsbothinthecaudalvenacavaandthe

Jugularvein.TheGnRHtreatmentwouldcausebothLHandFSHsecretion,buttheincrease

inprogesteronesecretionfbllowlngGnRHiruectionisprobablyduetothedirectactionofLH

ratherthanFSH,aShasbeensuggestedinvivoandinvitrostudies(29,34).Thefrequencyof

LHpulsesinGnRHgroup(aroundonepulseeverylh)wasabouttwotimesgreaterthanthat

inthesalinegroup(aroundonepulseevery2h),andwasalmostcomparabletothoseofthe

earlylutealphase(82)orthefo11icularphaseincattle(40).TheLHpulsesinducedbylow

dose of GnRH(2･5トLg Of gonadorelin acetate)were similar amplitude to that of

SPOntaneOuSly released LH pulsesin the saline-treated cows.Itis widely accepted that

PulsatileLHsecretionisnecessaryforbothstructuralandfunctionaldevelopmentoftheCL

incattle(4,71,79),andthisfactwassupportedbythestudyinChapter3.WhentheCLis

fu11ydeveloped,thesubsequentroleofLHpulsesinthelutealfunctionremainsincompletely
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understood.Petersetal.(71)reportedthatblockingpulsatileLHreleasebythetreatmentwith

a GnRH antagonistfrom Days12through170fthe estrous cycle did notinfluence the

Circulatingprogesteroneconcentrations.Incontrasttotheirstudy,areCentStudyreportedthat

blockingpulsatileLHsecretionbythetreatmentwithaGnRHantagonistduringmid-luteal

Phaseinheifbrs decreasedthe circulatingprogesterone concentrations aswellaspulsatile

PrOgeSterOnereleasebytheCL(31).ThepresentstudyexaminedtheroleofLHpulsesin

lutealprogesterone secretion byincreaslng thefrequency ofLH pulses by the pulsatile

treatmentwithlowdoseGnRH.Consequently,itwasdemonstratedthattheonlyfunctional

CLincreasedprogesteronesecretioninresponsetotheincreasedfrequencyofLHpulses.

ThelutealresponsetotheLHpulsesinducedbythepulsatileGnRHtreatmentwaswell

assessedbysecretionpatternsofprogesteroneinthecaudalvenacavablood.Thefrequency

OfprogesteronepulseswasnotchangedbythepulsatileGnRHtreatment,buttheproportion

OfprogesteronepulsesthatoccurredinassociationwithLHpulseswasincreasedfrom61･5%

duringthepre-treatment6hupto92.3%duringthepost-treatment6h.Thisindicatesthat

almostallprogesteronepulseswerereleasedinassociationwithLHpulses,andthemean

Value ofamplitude ofprogesteronepulsesduringthepulsatileGnRHtreatmentwas about

twotimeshigherthanthatofthesalinegroup.Thus,itissuggestedthatstimulationoftheCL

byanLHpulsecauseapulsatileincreaseinprogesteroneconcentrationsinthecaudalvena

CaVa,andincreasedfrequency of LH pulses resultsin a slgni丘cantincreasein mean

PrOgeSterOneCOnCentrationduringthepulsatileGnRHtreatment.

Progesterone concentrationsin theJugular vein alsoincreasedin response to the

increasedLHpulses,buttheincreasewas smallercomparedwiththoseinthecaudalvena

CaVa.ItwascalculatedthattwotimesincreaseinthefrequencyofLHpulsesleadedtol･5

andl.3timesincreasesinthemeanconcentrationsofprogesteroneinthecaudalvenacava

andthejugularveln,reSPeCtively.InthisChapter,PulsatilepatternOfprogesteronewasalso
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determinedinthejugularveinandcomparedtothatinthecaudalvenacava.Theobtained

resultsshowedthatthe丘equencyofprogesteronepulsesinthejugularveinweresimilarto

thoseinthecaudalvenacava,andwerenotchangedbyGnRHorsalinetreatment.Inaddition,

althoughmostofprogesteronepulsesinthejugularveinaswellasinthecaudalvenacava

WeredetectedinassociationwithLHpulses(68.5and73.1%,reSPeCtively),theintervalfrom

LHpeaktoprogesteronepeakwaslongerinthejugularveinthaninthecaudalvenacava

(19.5andll.4min,reSPeCtively).Inregardto thepulseamplitude ofprogesteroneinthe

｣ugularvein,anySlgni丘cantchangewasnotdetectedduringtheGnRHtreatment,incontrast

to the markedincreasein the caudalvena cava.Therefbre,While pulsatile pattern of

PrOgeSterOneCOnCentrationscanbedetectedbothinthecaudalvenacavaandthejugularvein,

blood samples co11ectedfromthe caudalvenacavamaybemorefavorable fbrexamlnlng

Changesinthe secretionpattern(i.e.pulse amplitude)andidentifying the peaktime ofa

PrOgeSterOnePulse.ThelessclearpatternOfprogesteronepulsesandthesmallerincreasein

PrOgeSterOneCOnCentrationsinthejugularveininresponsetotheincreasedLHpulsescould

beexplainednotonlybytheperipheralhemodilutionofsecretedprogesterone(70)butalso

bytheelevatedmetabolicratesofprogesteroneinlactatingdairycows(93,125).

Theprogesteronepro丘1esinthejugularveinthroughtheestrouscycleindicatedthatthe

increasedprogesteroneconcentrationwasnotsustainedfbrtheremainlnglutealphaseafter

GnRHtreatment.Additionally,theincreasedfrequencyofLHpulsescausedbyserialGnRH

treatmentappearednottoinnuencetheCLsizeandthedayofluteolysIS.Thestimulationof

LH pulses within a
physiologica11evel(frequency and amplitude)could enhance steroid

PrOductionoftheCLwithinthecomparableperiod,andmightnotbringlong-terme鮎cts

SuChasstimulationofCLgrowthorretardedluteolysIS･ThisassumptlOnissupportedbya

PreViousstudyshowlngthattreatmentwithGnRHagonist,aZagly-nafarelin,fromDay3to

Day2lof the estrous cycleincreased both thelutealsize and plasma progesterone
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COnCentrations,WhereastreatmentwithGnRHagonistfromDay12toDay2loftheestrous

CyCleincreasetheplasmaconcentrationsofprogesteronewithoutanyalterationintheluteal

SizecomparedwiththecontroIs(16).

In summary,theincreasedfrequency ofLHpulsesled toincreasesinprogesterone

COnCentrationsbothinthecaudalvenacavaandthejugularveininlactatlngdairycows.Most

Ofprogesterone pulsesin the caudalvena cava as wellas thejugular vein occurredin

associationwithLHpulses.Althoughitcannotbedeterminedfromthepresentstudywhether

LHpulsesareessentialfbrthefu11ydevelopedCL,theseresultsimplythatincreaseinthe

frequency of LH pulses could contribute to theincreasein circulating progesterone

COnCentrationsduringtheestrouscyclesinlactatlngCOWS.
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Table6-1PulsatilepatternsofLHinthejugularveinforcowstreatedwithsalineorGnRH

duringthemid-lutealphase.

Characteristic Group Pre-treatment6h Post-treatment6h

Meanconcentration(ng/ml) Saline(n=3)

GnRH(n=4)

Basallevel(ng/ml) Saline(11=3)

GnRH(n=4)

Pulsefrequency(pulses/6h) Saline(n=3)

Pulseamplitudea)(ng/mI)

GnRH(11=4)

Saline(n=3)

G11RH(□=4)

0.38土0.09

0.32士0.06X

O.31士0.02

0.23士0.04X

4.0土l.0

3.0土0.8X

O.31士0.09

0.29土0.08

0.38士0.09b

O.50士0.12Cy

O.33±0.02

0.38士0.04y

3.0士0.Ob

5.3士0.5Cy

O.44土0.12

0.30±0.12

Va)uesaremeanand SD.

a)pulseamp.itudewascalculated by subtract.ngthemaxilnalconcentrationofapulsefromthe

COnCentrationprecedingthepulseandexpressedasng/ml.

brcDifftrentsuperscriptswithinacolurnnindicatesign浦cantdi拝もrences(P<0.05)betweensaline

andGnRHgroup.

X,yDifftrentsuperscriptswithillarOWindicatesigni石cantdiffbrellCeS(P<0･05)betweenpre-and

POSt-treatment6h.

84



Table6-2Pulsatilepatternsofprogesterone(P4)inthe caudalvenacava(CVC)andthe

jugularvein(JV)forcowstreatedwithsalineorGnRHduringthemid-1utealphase･

Veins Characteristic Group Pre-treatment6h Post-treatment6h

CVC Meanconcentration(ng/ml) Saline(n=3)

Basallevel(ng/ml)

GnRH(n=3)

Saline(n=3)

GnRH(n=3)

Pulsefrequency(Pulses/6h) Saiine(n=3)

Pulseamplitude(ng/ml)

JV

GnRH(n=3)

Saline(n=3)

GnRH(n=3)

46.6土18.9

48.3士30.OX

34.8士10.3

29.1士Il.4X

5.3士0.6

4.3士l.5

30.7士18.1

47.3士31.OX

45.3士20.2a

74.8士54.9by

3l.3土8.8

43.6±21.8y

3.3土0.6

4.3士0.6

5l.8士33.8a

97.7土16.9by

Meanconcentration(ng/ml) Saline(n=3)

Basal1evel(ng/ml)

GnRH(n=4)

Saline(n=3)

GnRH(n=4)

Pulsefrequency(pulses/6h) Saline(n=3)

Pulseamplitude(ng/ml)

GnRH(n=4)

Saline(n=3)

GnRH(n=4)

5.7士l.7

6.0士1.5X

4.3土1.6

4.7士0.5

4.7土2.5

3.5±1.0

3.6±0.5

3.0±0.7

5.4土l.4a

7.0土2.Oby

4.3±0,8

5.0士0.8

3.3士0.6

4.0土0.8

3.1士0.9

3.6士2.4

ValuesaremeanandSD･a)pulseamplitudewascalculatedbysubtractlngthemaximalconcentratio11

0fapulsefromtheconcentrationprecedingthepulseandexpressedasng/ml･

aっbDi能rentsuperscriptswithi一一aCO]umnindicatesigni貞cantdiffbrences(P<0.05)betweensaline

andGnRHgroup･

X,yDiffbrentsuperscriptswithinarowindicatesignificantdi能rences(P<0･05)betweenpre-and

POSt-treatment6h･

85



Tbble6-3AssociationofLHpulseswithprogesterone(P4)pulsesinthecaudalvenacava

(CVC)andthejugularvein(JV)forcowstreatedwithsalineorGnRHduringmid-luteal

Phase.

Veins Characteristic Group Pre-treatment6h Post-treatment6h

CVC LH-aSSOCiatedP4Pulsesa(%) Saline(n=3)

GnRH(n=3)

LHpeaktoP4Peak(min) Saline(n=3)

GnRH(n=3)

JV LH-aSSOCiatedP4Pulsesa(%) Saline(n=3)

LHpeaktoP4Peak(min)

GllRH(11=4)

Saline(n=3)

GnRH(n=4)

ll/16(68.8)

8/13(61.5X)

12.0士9.3

7.5±11.0

9/14(64,3)

9/14(64.3)

18.7±13.6

14.7土10.0

7/10(70.0)

12/13(92.3y)

16.0士12.4

11.0土13.0

6/10(60.0)

13/16(8l.3)

30.0士12.6

18.5士13.5

Valuesaremeanand SD.

aP4PulsesthatfbllowedanLHpulsewithin60minofthepeakoftheLHpulse/totalnumberofP4

Pu]ses.

bIntervalsfromthepeakoftheLHpulsetothepeakoftheP.pulse(meanandSD).

X7yDifftrentsuperscriptswithinarowindicateasignincantdiffbrence(P<0･05)･
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Fig.6-1Representativepro丘1esofLHinthejugularvein(JV)andprogesterone(P4)inthe

Caudalvenacava(CVC)andintheJVforcowstreatedwithsaline(opencircles)orGnRH

(丘11edcircles)intravenouslysixtimesatl-hintervalsononedayduringthemid-1utealphase

(onlldaysafterovulationforthebothcows).AsteriskindicatesapeakofLHorP4Pulse.

ArrowandbrokenlineindicatetimeofsalineorGnRHiruection.
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CircIes).Values aremean and
SD
andarrowindicatestime ofsaline orGnRHinjection.Asterisk

indicatesasign摘cantdi仔brence(P<0.05)betweensalineandGnRHgroups･
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Chapter7.GeneralI)iscussion

Inthis dissertation,the relationshipbetweenlactation andreproductive physiologyln

dairywasexaminedbasedonthe comparative studiesbetweenlactatlngandnon-1actatlng

COWS.First,OVarian dynamics,hormonalpro丘1es ofovarian steroids and LH during the

estrouscyclewereinvestigated(Chapter3).Themore
detailedexaminationsofhormonal

PatternSinrelationtotime ofluteolysIS andovulationwereperfbrmed,tOgetherwiththe

Observationofestroussigns(Chapter4)･Further,PrOgeSterOneCOnCentrationsatthesecreted

andthe circulatinglevels andLHpulsatilepatternweredeterminedduringthemid-1uteal

Phase,and the metabolic status ofprogesterone was assessed with reftrence to fbeding

(Chapter5).Finally,theassociationofLHpulsatilesecretionwithprogesteronesecretionby

thefunctionalCLinlactatingcowswasexamined(Chapter6).

7.1. Lutealdevelopmentandprogesteroneconcentrationinestrouscycles

TheresultsinChapters3and5consistentlysuggestedthatlactatlngCOWShadlargerCL

and higher progesterone concentrations during mid-1utealphase than non-lactatlng COWS･

Development oflarger CLinlactatlngCOWSthannon-1actatlng COWS Orheifershas been

reportedinprevious studies(96,97,128).Sartoriet al.(97)suggestedthelarger
CLin

lactatlngCOWSmightsimplyresultfromtheovulationoflargerovulatoryfblliclescompared

Withnon-1actatlngCOWS･Developmentoflargerovulatoryfbllicleswasalsoobservedinthe

CaSeOftwofo11icularwavesinthepresentstudy(Chapter3)･Inaddition,thepresentstudy

fbundthatlactatlngCOWShadahigherfrequencyofLHpulsesduringtheearlytomid-luteal

Phasethannon-lactatlngCOWS･The丘ndingsofChapter6suggestthatthehigherfrequencyof

LH pulses may have a key rolein enhanclnglutealdevelopmentinlactatlng COWSand

PrOgeSterOneSeCretionbythefu11y-developedCL.
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Whileprogesteroneconcentrationsduringthemid-1utealphaseinlactatlngCOWSWaS

COnSistentlyhigherthanthatinnon-lactatingcows(Chapters3and5),thefrequentblood

SamPlingat15-minintervalsdetectedsigni丘cantlylowerlevelsofprogesteroneduringthe

earlylutealphase(Days4and6)inlactatingcowscomparedwiththoseinnon-1actatingcows･

Lowcirculatingconcentrationsofprogesteroneduringearlylutealphaseareconsideredas

OneOfm毎orriskfactorsthatcandecreaseembryosurvivalrates(41,49,59)･Thisisbecause

the timlng Of changeSin the uterine environment,uPOn Which the normalembryonic

developmentdependents,iscontrolledbvthetimeoftheincreaseinprogesteronelevels(58,

103).Inarecentstudyonmultiparouslactatingdairycows,McNeilletal･(59)foundthat

therewas apositiverelationshipbetweenthe concentrations ofmilkprogesteroneandthe

PrObabilityofembryosurvivalduringtheearlylutealphaseofDays4and6afterovulation

but not during the mid-lutealphase ofDays7and8.Further,ln an attemPt tOimprove

PregnanCyrateincattle,thee飴ctsofprogesteronesupplementationhavebeeninvestlgated

in numerous studies.The results are variable,but a meta-analysIS Study suggests thatif

PrOgeSterOneSuPPlementationiscommencedafterDay6nobene丘tresultswhileiftreatment

iscommencedbefore day6alO%improvementinpregnancyresults(58)･Inearlyluteal

Phase,developlng CL cannotproduce as muchprogesterone asfunctionalCLdoes･As a

SPeCi丘ccaseinlactatingdairycows,theincreasedmetabolicrateofprogesterone(93)could

have a greatinnuence on circulating progesterone concentrations during the earlyluteal

Phase,Whichcanincreasetheincidenceofembryonicloss.Supplementationofprogesterone

丘omearlylutealphasemaybeasuccessfu1strategyforimprovlngPregnanCyrateSafterAIin

lactatlngdairycows.
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7.2. Follicular dynamics and preovulatory hormonalpatterns of estradiol-17β,

PrOgeSterOneandLH

InChapter3,thedominantfollicleofthe丘rstwaveandtheovulatoryfo11icleinthe

estrous cycles with two fb11icular wavesinlactatlng COWS greWlarger than those of

non-1actatlngCOWS･IncreasedsizeoftheovulatoryfbllicleinlactatlngCOWSWaSPreViously

reportedincomparisonswithnon-1actating cows(17,96,97)orwithnu11iparousheiftrs

(128).Ithasbeen demonstratedthatincreasedfrequency ofLHpulsesledto continuous

growth ofthe dominantfo11icles(100),Which could resultinthe development oflarger

preovulatoryfo11iclesinlactatlngCOWS･However,furtherdi脆rencewasnotfoundbetween

the groupsin the duration ofthe丘rstfollicular wave,the daysfrom emergence ofthe

OVulatoryfo11iclesto ovulationandtheestradiol-17βconcentrationsinthe
dailyco11ected

bloodsamplesthroughtheestrouscycles(Chapter3)･

Recent studies havefound that high variability existsin the timlng Of estrus and

OVulationin modern dairy
cows(9,99,108).Extendedintervalfrominsemination

to

ovulationresultedinlowpregnancyrates(27,112),PrObablybecauseofspermagingand

lack offtrtilizing ability･The variationsin the timlng Ofestrus and ovulation could
be

relevantto asynchrony ofhormonalpro丘Ies suchas estradiol-17βrisearound estrus and

timingofLHsurge.Blochetal.(9)reportedthataboutlO%ofhigh-yieldingHoIsteincows

exhibitedlongestrustoovulationintervalwhichcomprisedlonglnterValsbothfromestrusto

LHsurgeandfromLHsurgetoovulation.Inthatstudy,theextendintervalfromestruStO

OVulationwasassociatedwithlowpreovulatoryestradioIconcentrationsandlowamplitude

ofLHsurges(9).Whenthegreatersteroidmetabolisminlactatingdairycowsistakeninto

consideration,Isupposed that some alterationsin hormonalprofiles should appear
by

intensive monitorlng Offo11icular phase eventsin Chapter4･However,nO Slgni丘cant

di飴rencewasfoundinthepreovulatorydynamicsofestradioIT17βduringtheperiodfrom
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1uteolysIStOOVulation,andtheamountofLHsurgewassimilarbetweenthelactatlngand

non-lactatlngCOWS.Thesesimilarhormonalpro丘1esmaybringtheftwervariationsinthe

timefromtheestradiol-17βpeaktoovulation(range12h)andthetimefromtheLHsurgeto

OVulation(rangeOh)inthepresentstudycomparedwithotherstudiesinlactating(9)and

non-1actatingcows(108).

7.3. ExpressionsofestrousslgnS

Estradiol-17βactsonthehypothalamtlStOinduceestrousbehaviorinmostspecies(2)･It

issuggestedthatlowexpressionsofestrusandestrousslgnSinlactatlngdairycowsmightbe

attributedtolowconcentrationsofestradiol-17βaroundestrus.Inthepresentstudy,however,

concentrationsofestradiol-17βduringtheperiodfromluteolysisto ovulationinlactating

COWSWereCOmParabletothoseinnon-lactatlngCOWS,andthereforetheappearanceofestrous

SlgnSinbehavior,Vulvaandvaglnamightnotbediffbrentbetweenlactatlngandnon-1actatlng

COWS.Nevertheless,theproblemoflowestrusdetectionratealreadyexistsasam年IOrCOnCern

todairyfarmers,AItechniciansandveterinarians.Itislikelythatotherfactorsratherthan

estradiol-17β1evelmaybeattributedtolowexpressionofestrousbehaviorindairycows･It

is commonlyknown thatthe houslng andtype ofnoorlng Caninfluence theintenslty Of

estrousexpressionincows.Inaddition,1amenessnegativelyaf托ctedtheabilityofcowsto

expressestrus,andherdswithprevalentlamenessexperienceadeclineintheestrusdetection

rates(106,118).EfftctivemanagementstrategiesandmoreresearchefEbrtsareneededto

PrOVideanenvironmentthatallowscowstomaximizetheirestrusdisplay･

Ontheotherhand,theestrousslgnSinthevulvaandvaglnaWereObservedmoreclearly

COmParedwiththoserelatedtobehavior･Itseemstobeeasytodistinguishtheappearancein

the vaglna arOund estruS and ovulationfrom thatinlutealphase･Thisis ofsigni丘cant

importanceinthepracticaluseofthevaglnOSCOPICeXaminationforthediagnosisofestrusin
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cows･Arecentstudyinvestlgatedtheincidenceoferrorinestrousdetectionbasedonthe

secondaryestrousslgnSSuChasrestlessnessandmucusdischargeinatie-Stalleddairyherd

(84).Thestudyreportedthatofatotalof68AI,13(19･1%)and2(2.9%)werecarriedoutin

thelutealphaseandduringpregnancy,reSPeCtively･Highincidenceofestrusdetectionerror

maybepartlyattributedtopoorexpressionofestrousslgnSandshorterdurationofestrusin

moderndairycows(23,113,129).Thepresentbasic丘ndingsofgenitalestroussignsrelated

tothetimlngOfluteolysISandovulationareinfbrmativeforthepracticaluseofvaglnOSCOPIC

examinationasanaidtodetectestrusanddeterminethetimlngOfAI.

7.4. Progesterone dynamicsin the caudalvena cava and the jugular veinwith

refbrencetofbeding

Progesterone concentrationin the circulating blood renects the balance between

secretionandmetabolicstatusofprogesterone･Iemployedcatheterizationprocedureintothe

caudalvenacavainordertoassessthesecretionstatusofprogesterone.Inagreementwith

PreVious studies(75,119),the present study showed a temporalassociation between

endogenousLHpulsesandprogesteronepulsesinthecaudalvenacavabothinlactatlngand

non-1actating cows during the mid-1utealphase(Chapter 5).Furthermore,it was

experimenta11ydemonstratedbythepulsatileiruectionsofGnRHthatlutealresponsetoan

LHpulsecanbedetectedasapulsatileincreaseinprogesteroneconcentrationsinthecaudal

VenaCaVa(Chapter6).Thiscon丘rmSthatthefluctuationofprogesteroneconcentrationsin

thecaudalvenacavawellrenectstheLH-PrOmOtedprogesteronesecretionfromtheCL･

However,Icould notdetect anydifftrenceinthe progesterone concentrationsinthe

Caudalvena cava betweenlactatlng and non-lactatlng COWS,in splte Of the higher

PrOgeSterOneCOnCentrationsinthecirculatingbloodofthelactatingcows(Chapter5)･Thisis

Partiallyduetothewidervariationsinprogesteroneconcentrationsinthecaudalvenacava
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COmParedwiththatinthejugularvein.Inaddition,thepossibilitythatdifftrencesinblood

VOlumeorbloodnowintheexaminedanimalsmayinfluencetheprogesteroneconcentrations

atthesamplingsiteshouldbetakenintoconsiderationinafurtherstudy.

Feeding related changesin progesterone concentrations have beeninvestigatedin

Peripheralbloodsamplestoexaminethee飴ctofprogesteronemetabolism(60,80,115)･Tb

my knowledge,thereis no availableinfbrmation on the fteding-related changesin

PrOgeSterOnedynamicsinthecaudalvenacavaincows･Inthepresentstudy,feedingcausesa

Slgni丘cantincreaseintheprogesteroneconcentrationsinthecaudalvenacavainlactatlng

andnon-1actatlngCOWS,andthisoccurredwithoutapparentalterationsinthe LHpatterns･

Thisimplies that other factors rather than LH could beinvoIvedin mediating the

fbeding-relatedchangesinprogesteroneconcentrationsinthecaudalvenacava･

Onthe otherhand,fteding50%ofthe dailyamountofdietdecreasedprogesterone

COnCentrationsin thejugular veininlactatlng COWS.However,SuCh a decrease was not

detectedinthenon-1actatlngCOWSinthepresentstudy.Ithasbeenpreviouslydemonstrated

by Sangsritavong et al.(93)that
fbedintakeincreasesliver blood now and metabolic

clearance of progesterone,and thereby decrease the circulating concentrations of

PrOgeSterOne･Thepost-ftedingdecreaseinthecirculatingprogesteroneobservedonlyinthe

lactatlngCOWSislikelytheresultofelevatedsteroidmetabolismassociatedwiththegreat

ftedintakeandtheelevatedliverfunctionrequiredforlactation･PracticalstrategleS,SuChas

frequencyoffteding,ftedcomposition,Ordietarysupplementsfbralleviatlngtheelevation

Ofprogesteronemetabolismareneededtobedevelopedtoimproveftrtilityoflactatlngdairy

COWS.
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7.5. RoleofLH pulsesinlutealfunction durlngthe mid-1utealphase oflactating

daiり7COWS

LuteinlZlnghormoneisreleasedinapulsatilemannerfromtheanteriorpltuitarygland

duringtheestrouscycle,andthefrequencyoftheLHpulsesdecreasedfromtheearlytothe

mid-1utealphasebythenegativefeedbackef托ctofprogesterone･Itiswidelyacceptedthat

PulsatileLHsecretionisnecessaryforbothstructuralandfunctionaldevelopmentoftheCL

incattle(4,71,79).However,theroleofpulsatilereleaseofLHinthefullydevelopedCLis

COnSideredtobenotessential(71)orminorevenifnotata11(63,126).Thisisbecauselarge

lutealce11s that constitute40%ofthe CL volume produce atleast80%ofthe secreted

PrOgeSterOnebytheCLindependentofLHstimulation(62),Whileprogesteronesecretionby

SmalllutealcellsisstimulatedbyLHinadose-dependentmammer(34)･

The detailed examinations withfrequent blood
sampling(Chapters 5)showed

a

Slgni丘cantdifftrenceinthefrequencyofLHpulsesbetweenlactatlngandnon-lactatlngCOWS,

inwhichthefrequencyofLHpulsesduringthemid-1utealphaseinlactatingcows(OnePulse

every2h)wasaroundtwotimeshigherthanthatinnon-lactatingcows(OnePulseevery4h)

inthepresentandear1ierstudies(82,119).Inadditiontothetemporalassociationbetween

LH and progesterone secretion patterns,itwas experimentally con丘rmedbythe pulsatile

GnRHinjections(Chapter6)thatanincreaseinthefrequencyofLHpulsesleadstoincreases

intheprogesteroneconcentrationsbothinthecaudalvenacavaandthejugularvein･These

丘ndingssuggestapossibilitythatrelativelyhigherfrequencyofLHpulsesinlactatlngdairy

COWSthanthatinnon-1actatlngCOWSmayhavearoleinstimulatingprogesteronesecretionby

theCL.
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7.6. Conditionsofexaminedcows

Cowsundergoanormalprocessofnutrientpartitionlngandadiposetissuemobilization

duringearlylactation(5).Whennutrientrequirementsformaintenanceandlactationexceed

theabilityofthecowtoconsumeenergylnthefted,NEB status shouldoccurandwhich

leadstoaslgnincantdecreaseinBWandBCS.Increasedgeneticmeritformilkyieldiso氏en

associatedwith a greaterdegree ofBCSlossin earlylactation andless BCS throughout

lactation,reneCtingagreaterdegreeofNEB(77).Whenstudiesareconductedtoexaminethe

reproductivefunctionofdairycowsinassociationwithmilkproduction,nutritionalorenergy

status ofthe examined cows shouldbe alsotakeninto account.Thisisbecausethese factors

haveaslgni丘cantinfluenceonfo11iculardevelopmentandlutealactivltyaSWe11asuterine

involutioninpostpartumperiod(50,69).Thecurrentdeclineinftrtilityoflactatingdairy

COWS may be partly attributed to the difnculty ofmanaglng high genetic merit animals

appropriately(121).

In the present study,thelactating cows werein mid-1actation period(>80days

POStPartum)andtheirmilkproductionduringtheexperimentwasaround30kgperdayon

average.Attheherdlevel,themilkyieldperlactationpercowwasaround9,000kg.This

PrOductionlevelisnotcomparablewiththatinhigh-PrOducingcows(>10,000kgperyearor

>40kgperday)describedinotherstudies(52,96,128),butcorrespondstotheaveragevalue

Of9,266kgin dairy herdsin2012that were reglStered to Dairy Herd Milk Recording

Association,Japan.Thelactatlng and non-lactatlng COWS maintained their BCS and BW

Withinanormallevelina11studiesinChapters3to6.AIso,allcowsusedinthepresent

StudieshadresumedcyclicovarianactivltyPrlOrtObeingsu切ectedthestudies.Butleretal.

(15)have reported that cows ovulated approximatelylO days after they begin to move

towardsapositiveenergybalance.Thus,aSfarasIobserved,thelactatlngCOWSaSWellasthe
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non-lactatlng COWS aPPearedto be not experienclngNEB or m叫Or nutritionalproblems

throughoutthestudies.

Inaddition,fromtheresultsofbloodchemicalexamination(Chqpter5),nOabnormal

Valuesrepresentlngnutritionalde丘ciencyorimpairedhepaticfunctionweredetectedinall

individualcows･ThelactatlngCOWSShowedsigni丘cantlyhigherASTvaluescomparedwith

thoseinnon-1actating cows,desplte allindividualvalues werewithin anormalrange･In

general,theincreased metabolic requlrementSforlactation cause both hypertrophy and

hyperplasiaoftheliverandgastrointestinalorgans(33).Sucha句ustmentofliverfunctionfor

milkproductionmayleadatransientincreaseinASTvalueinpostpartumlactatingdairy

COWS(36)･AIso,itshouldbenotedthattherewasagreatdifftrencebetweenlactatingand

non-lactatingcowsintheconcentrationsoftotalcholesterol(224.5土18.5and79.9土3.7

mg/dl)･Cholesterol,Which can be derivedfrom the diet or be synthesized de novoand

transportedtotheovariesbylipoproteins,isacommonprecursorforsteroidssynthesis(85).

ThehigherconcentrationsoftotalcholesterolinthelactatlngCOWSCOmParedwiththosein

thenon-lactatlngCOWSmayreflectgreaterftedintakeandalterationsinlipidmetabolismto

SuPPOrtlactation(5)･Some studies reported that dietary fat supplements may stimulate

fbllicularandlutealactivltybyimprovlngenergybalanceandenhanclngutilizationofblood

Cholesterolfor progesterone synthesis(32,122).The high cholesteroIconcentrationsin

lactatlng COWS mayPOSitivelyinfluencelutealfunction along withthe stimulation ofLH

Pulses.
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7.7. Comclusions

Inthisdissertation,theobserveddifEbrencesinreproductiveparametersinlactatingcows

COmParedwiththoseinnon-lactatlngCOWSWereaSfo1lows:

1)LargerCLsizeandhigherplasmaprogesteroneconcentrationduringthemid-lutealphase

(Chapters3and5).

2)Lowerprogesteroneconcentrationsduringtheearlylutealphase(Chapter3).

3)Post-fbedingdecreaseinprogesteroneconcentrationinthecirculatingblood(Chapter5).

4)Greaterdevelopmentofdominantfo11icle(Chapters3and5)andsubordinatecohortof

fo11icles(Ch叩ter3).

5)HigherfrequencyofLHpulsesduringearlytomid-lutealphase(Chapters3,5and6).

Thelow progesterone concentrations during the earlylutealphase and decreasein

Circulating progesterone concentration may arise from elevated metabolic rate of

PrOgeSterOneintheliverandcouldbeacrucialfhctorthatnegativelyinfluencestheftrtility

Ofdairycows･ThemilkyieldoflactatlngCOWSinthepresentstudywasnotcomparableto

thatofhigh-PrOduclngCOWS.Itispossiblethatincreaseinmilkyieldpercowmayextend

thesenegativeinfluencesoflactationonftrtilityofdairycows.ThisassumptlOnissupported

bythestudiesshowlngmarkedlylowconceptlOnrateSandhighincidenceofpregnancyloss

inhigh-PrOducingcows(54,77,94)･Tbovercometheseproblems,PraCticalapproachesare

neededincluding the use ofprogesterone supplementation afterinsemination or fbeding

managementthatcana11eviatetheefftctofsteroidmetabolism.

On the other hand,greater development of the functionalCL,higher plasma

COnCentrations of progesterone during the mid-1utealphase,and similar estradiol-17β

COnCentrationsthroughouttheestrouscycleswereobservedinlactatlngCOWSCOmParedwith

thoseininnon-1actatlngCOWS.Furthermore,1actationdidnotinterfbrewiththeexpressions

OfestrousslgnSandendocrinepro丘1es丘omluteolysIStOOVulation･Thisfindingsuggeststhat
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theproblemoflowestrusdetectionratesinmoderndairycowscanbepartlyovercomeby

developlng management teChniques to enhance the accuracy and efnciency of estrus

detection･ItisconcludedthatwhenlactatlngCOWSaremaintainedinbetternutritionaland

management condition,theycanPartlycompensatefornegativeinfluence oflactationby

developlnglarger CL andfo11icles andincreaslng the secretion ofovarian steroids.The

greaterfrequencyofLHpulsesinlactatlngCOWSmayhaveanimportantroleinstimulating

fo11icularandlutealfunctionindairy
cows,tOgetherwith otherhormones andmetabolic

factorsthatarerelatedtolactation.
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Chapter8.Summary

Fertilityinlactatlngdairycowshasbeendecliningoverthelast50yearssimultaneously

Witharqpidincreaseinmilkyields.EvenwhenlactatlngCOWSShownormalestrouscycles,

theconceptlOnrateafterbreedinglSmarkedlylowerthanthatinheiftrs,Whichindicatesthat

reproductivephysiologyoflactatlngdairycowshavebeenalteredassociatedwithhighmilk

PrOduction.Tb dealwith reproductive problemsin moderndairy cows,1tis necessary to

understandbettertheinfluencesoflactationonovarianfunctionandtheassociatedendocrine

PrOnles.Therefbre,the o切ectiveofthis dissertation was toinvestlgate theinfluence of

lactationonthefo11icularandlutealdynamicsandendocrinepro丘1esofovariansteroidsand

LHduringtheestrouscycleinlactatlngdairycowsbycomparlngWiththoseinnon-1actatlng

In Chapter3,the dynamics ofovarianfollicle,CL,and peripheralplasma ovarian

SterOidswerecomparedbetweenlactatlngandnon-1actatlngCOWS,andapossibleassociation

Ofpulsatile LH secretionwiththe dynamics was examined.Ovarianultrasonogrqphywas

Performeddailythroughouttwoconsecutiveestrouscycles(DayO:dayofovulation).Blood

SamPleswerecollecteddailyandat15-minintervalsfor8honDays2,4,6,8,and140fthe

SeCOndcycle.LactatlngCOWShadlargerCLandhigherprogesteroneconcentrationsduring

mid-1utealphase comparedwithnon-lactatlng COWS.Maximaldiameters ofthe丘rstwave

dominantfb11icle(17.2士1.8vs.15.5土0.8mm;mean土SD)andtheovulatoryfbllicle(17.9

土1.2vs･15.2士0･8mm)werelarger(P<0.05)inlactatingcowsthaninnon-1actatingcows

duringtheestrouscycleswithtwofo11icularwaves.Plasmaestradiol-17βconcentrationsdid

notdi脆rbetweenthegroupsthroughouttheexperiment.LactatlngCOWShadmoreLHpulses

fromDay2to14thannon-1actatingcows.Theseresultsimplythatdifftrencesinovarian
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dynamics may exist betweenlactatlng and non-1actatlng COWS,for which theincreased

numberofLHpulsesdetectedinlactatlngCOWSmayhaveresponsibility.

InChapter4,PrO丘1esofovariansteroidsandLHandtheappearanceofestrousslgnSin

relation toluteolysIS and ovulation were monitored during the丘rst cycle ofthe study

describedinChapter3･Bloodsampleswerecollectedat3-hintervalsafterluteolysISuntil

OVulation･EstrousslgnSintermsofbehavior,thevulvaandthevaglnaWereCheckedat8-h

intervalsafterluteolysisuntilovulation.Pro丘1esofprogesterone,eStradiol-17βandLHdid

notdifftrbetweenthegroups.Therewerenodif托rencesintheintervalfromluteolysisto

OVulation(4.6士0.5and4.2±0.8d)andtheintervalfromtheestradiol-17βpeaktoovulation

(34.2士4.5and30.6士3,9h)betweenlactatingandnon-1actatingcows.Theintervalfromthe

PeakoftheLHsurgetoovulationwas27hina11cowsexamined･Appearanceofestrous

SlgnS did not difftr between the groups･The vaglnalestrous slgnS Were Observed

COnSPICuOuSlyina11cowsexamined,butthebehavioralsignswerenotobservedin20･0%of

thecows.Thedurationofbehavioralsigns(41.3士23.6h)wasshorter(P<0.05)thanthatof

thevagina(68.9土25.4h).Theseresultsimplythatlactationmightnotinterftrewiththe

hormonalpro丘IesfromluteolysIStOOVulation.

InChapter5,PrOgeSterOnePrO丘1esatthesecreted(caudalvenacava)andcirculating

levels(jugular vein)and LH secretion pattern were compared betweenlactating and

non,1actatlngCOWS,andtheirmetabolicstatusofprogesteronewasassessedwithreferenceto

fbeding.Blood sampleswere co11ected simultaneouslyfromthe caudalvenacavaandthe

Jugularveinat15-minintervalsfor12hduringthemid-1utealphase.Cowsweref己d50%of

thedailydiet6hafterthestartofbloodsampling.Duringthe12-hsamplingperiod,mean

progesterone concentrationsinthe caudalvenacavadidnotdiffbrbetweenlactatlng and

non-1actating cows(49.O j=29.2and53.3士51.9ng/ml),Whereas
mean progesterone

concentrationsinthejugularveininlactatlngCOWSWerehigherthanthoseinnon-1actatlng

lOl



cows(6.4土1.8and5.6士1.4ng/ml,P<0.001).LactatingcowshadahigherfrequencyofLH

Pulsesthannon-1actatingcows(7.0土1･4and4･3士1･9pulses/12h,P<0･05)･Progesterone

COnCentrationsin the caudalvena cavaincreased a銃er ftedingln both groups,Whereas

PrOgeSterOneCOnCentrationsinthejugularveindecreasedafterfbedinglnlactatlngCOWSbut

notinnon-1actatlngCOWS･Thepost-ftedingdecreaseinthecirculatingprogesteronedetected

OnlyinthelactatlngCOWSislikelytheresultofelevatedsteroidmetabolismintheliver･

While fteding causes a decreasein the circulating progesterone concentrationsin

lactatlngCOWS,thehigherconcentrationofprogesteronethroughthemid-1utealphaseofDays

8-14inlactatingcowsthaninnon-lactatingcows(Chapters3and5)maysuggestthat

greateramountsofprogesteroneweresecretedfromtheCLinthelactatlngCOWSthaninthe

non-lactatlngCOWS･InChapter6,itwasexaminedwhetherincreasedfrequencyofLHpulses

wouldinfluencelutealprogesterone secretion during mid-lutealphase,by measurlng

PrOgeSterOneCOnCentrationsatthesecretedlevel(inthecaudalvenacava)aswe11asatthe

Circulatinglevel(in thejugular vein)inlactating dairy cows.Cows wereintravenously

administered2.5LlgGnRH(gonadorelinacetate;GnRHgroup;n=4),Or2mlsaline(Saline

group;n=3)sixtimesatl-hintervalsduringthemid-1utealphase･Bloodsampleswere

collected via cathetersinsertedin the caudalvena cava and thejugular vein at12-min

intervals fbr12h,Startlngfrom6h before the丘rst GnRH administration･During the

Pre-treatment6h,any dif托rencewasnotfoundbetweenthe groupsinthe LH secretion

PrO丘1es(meanconcentrations,basa11evel,Pulsefrequencyandpulseamplitude)aswellasin

PrOgeSterOnePrO丘1esinthecaudalvenacavaandthejugularvein･Duringthepost-treatment

6h,frequencyofLHpulses(5.3土0.5vs.3.Oj=0.Opulses/6h)andmeanLHconcentration,

butnottheamplitudewashigher(P<0.05)inGnRH-treatedcowsthaninsaline-treatedcows･

Inthecaudalvenacava,meanPrOgeSterOneCOnCentrationsandamplitudeofprogesterone

Pulsewerehigher(P<0.05)inGnRHgroupthaninsalinegroup･Inthejugularblood,mean
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PrOgeSterOneCOnCentrationsduringthepost-treatment6hwerealsohigherinGnRHgroup

thanin saline group(7.0土2.O vs.5.4士1.4ng/ml).However,SeCretion patterns of

PrOgeSterOneinthejugularvein(Pulsefrequency,Pulseamplitudeandbasallevel)didnot

Showany diffbrence amongthe groups.These resultsindicate thatprogesterone secretion

fromthefunctionalCLcanbeenhancedbytheincreasedfrequencyofLHpulses.

AllthelactatlngCOWSuSedinthestudieswereinthemid-1actationperiodandproducing

amoderatelevelofmilkyield,andmaintainedtheirBWandBCSwithinnormalranges.No

PathologlCalconditionsintheliverfunctionandnutritionalstatus were detected丘omthe

bloodchemicalpro丘1esbothinthelactatlngandnon-1actatlngCOWSinChapter5.Tbkenthese

丘ndings together,this dissertation concluded thatlactatlng dairy cows with goodnutrient

StatuShave a capaclty tO develop CLandfo11iclesto produce sufBcientlevels ofovarian

SterOidsduringtheestrouscycles.Further,therewasnoapparentalterationintheqppearance

OfestrousslgnSbetweenlactatlngandnon-1actatlngCOWS.Thenegativeinnuenceoflactation

haspresentedasthelowerprogesteroneconcentrationduringtheearlylutealphaseandthe

POSt-fteding decrease of circulating progesterone.However,lactatlng dairy cows can

COmPenSateforthegreaterreductionofcirculatingprogesteronebytheelevatedprogesterone

metabolism to some extentby developlnglarger CLand elevatlng PrOgeSterOne SeCretion

duringthemid-lutealphase.TheincreasedfrequencyofLHpulsescouldcontributetothe

maintenance ofthe circulating progesterone concentrations during the estrous cyclesin

lactatlngCOWS.
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