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　　The　Present　disscrtation　describcs　the　results　of　exPeriments　demonstrating　the

neuroendocrine　mechanism　by　which　the　suckling　stimulus　suPPresses　pulsatile

luteinizing　hormone　(LH)secretion　in　lactating　rats　used　as　a　model　for　other　animals

and　women.

　　ln　ChaPter　3,　changes　in　Pulsatile　secretion　of　LH　aner　removal　of　pups　and

subsequent　resuckling　wcre　examined　in　ovariectomized　lactating　rats,　and　the　change

aner　removal　of　Pups　was　comPared　with　that　aner　removal　of　ovaries　in　cyclic　female

rats.　The　mean　LH　level　and　the　frequency　and　amplitude　of　LH　pulses　gradually

increase　ancr　removal　of　PuPs,　until　aner　45　h　of　seParation　the　frcquency　reached　the

high　levcl　obscrved　6　days　aner　ovariectomy　in　cyclic　rats.　The　subsequent　resuckling

by　puPs　aner　a　24-h　seParation　decreased　these　three　parameters　of　LH　Pulses　raPidly.　ln

contrast,　the　frequency　of　LH　Pulsesxvas　unchanged　aner　ovaricctomy　in　cyclic　rats,

although　the　mean　LH　level　and　the　amPlitude　of　LH　Pulses　incrcased.　Thesc　results

suggcst　that　the　suckling　stimulus　suPPresses　pulsatile　LH　secretion　in　a　different

manncr　from　that　of　ovarian　steroids.

　　ln　ChaPter　4,　efl〕ects　of　the　suckling　stimulus　on　the　daily　LH　surge　induced　by

chronic　ocstrogentrcatn‘lent　were　cxamined　in　ovariectomized　lactating　rats.　Daily　LH

surges　occurred　in　the　late　anemoon　in　both　lactating　and　non'1actating　rats　imPlanted

with　oestradiol　on　day　6　(day　O　°　day　of　Parturition)or　15.　The　amplitude　of　daily　LH

surges　in　lactating　rats　implanted　on　day　6　declined　muchnloreraPidly　than　in　non-

lactating　rats　implanted　on　day　6,　but　no　signincant　dim5rence　was　found　in　the　Pronle　of

thc　LH　surge　between　lactating　and　non-1actating　rats　implanted　on　day　1　5　.　Pituitary　LH

contcnts　just　before　the　daily　LH　surge　(12.00'12.30　h)4　days　aner　imPlantation　in

lactating　rats　imPlanted　with　oestradiol　on　day　6　were　signincantly　less　than　those　in

non'lactating　rats　implanted　with　oestradiol　on　day　6　or　15　and　in　lactating　rats　implanted
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on　day　15.　These　results　suggest　that　the　mechanisms　responsible　for　the　oestradiol-

induccd　LH　surgeNverenot　imPaired　by　thc　suckling　stimulus,　and　that　a　raPid　decline　of

the　amPlitude　of　LH　surges　observed　in　mid-lactationcould　be　ascribed　to　the　smal1

amount　of　LH　storcd　in　the　Pituitary･

　　ln　Chapter　5,　effects　of　the　reduction　of　prolactin　(PRL)release　by　bromocriptine

(CB-154)treatmcnt　on　the　suPPrcssion　of　LH　Pulscs　were　examined　in　ovariectomized

lactating　rats　at　mid'lactation.　Pulsatile　LH　secretionxvasstrongly　suPPresscd　in　al1

1actating　rats　in　sPite　of　the　treatment　of　CB-154,　which　abolished　PRL　secretion.

Frcquent　LH　Pulscs　were　observed　in　all　non-lactating　animals,　indicating　no　direct

action　of　CB-154　orovine　PRL　on　LH　secretion　at　the　doses　emPloyed.　Thesc　rcsults

suggest　that　PRL　secretion　does　not　mediate　the　suppressing　cffect　of　the　suckling

stimulus　on　Pulsatile　LH　secretion　in　mid-1actation.

　　ln　Chapter　6,　the　Pulsatilc　LH　secretion　in　ovariectomized　lactating　rats　bearing

complete(CD),anterior(AD),anterolateral(ALD),Posterior(PD),or　roof

deaflerentation(RD)of　the　hyPothalamus　was　determined.　Thc　loss　of　LH　Pulscs

associated　with　lactation　was　still　aPParent　following　AD,　PD　and　sham-deam3rentation

(SD);Pulsatile　LH　secretion　was,　however,　present　in　rats　with　CD,　A〕LD　and　RD

desPitc　continucd　suckling.　The　only　significant　difference　in　plasma　PRL　concentrations

among　the　゛arious　grouPs　xvas　a　reduction　in　the　PRL　level　in　rats　with　RD　in

comparison　to　those　with　SD.　l　conclude　that　the　ncural　signal　responsible　for　the

inhibition　of　Pulsatilc　LH　release　by　suckling　isconveyed　through　the　dorsaI　Part　of　the

hyPothalamus　and　PRL　does　not　mediate　the　suPPression　of　LH　Pulses　in　mid-1actation.

　　ln　Chapter　7,　to　determine　the　am3rent　pathway　of　the　suckling　stimulus　supPressing

the　Pulsatile　LH　secrction,　various　tyPes　of　roof　deam3rentation,　i.c.　1arge　antcrior

(LARD),largc　Posterior(LPRD),small　anterior　(SARD)and　middle(MRD),o｢
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elcctrolytic　lesions　of　the　Paravcntricular　nucleus(PVN)wcre　madc　in　thc

ovariectomized　lactating　rats.　Pulsatile　LH　secretion　with　high　frequency　and　amPlitude

appcarcd　in　rats　with　LARD　or　LPRD　in　spite　of　thc　continuous　suckling.　ln　rats　with

MRD,　LH　Pulscs　with　small　amPlitude　were　observcd　when　thc　cut　was　on　or　under　the

゛entral　margin　of　the　PVN,　but　there　were　few　LH　Pulses　when　the　cut　Passed　through

the　PVN.　Pulsatile　secretion　remained　suPPressed　in　animals　bearing　the　lesion　sparing

thc　Periventricular　nucleus　vcntral　to　the　PVN,　but　thc　Pulse　with　small　amPlitude　was

apParcnt　in　animals　with　the　lcsion　destroying　the　Pcriventricular　nucleus.　These　results

suggcst　that　the　Periventricular　region　ventral　to　thc　PVN　is　thc　cruciaI　Pathway

conveying　thc　inhibitory　inPuts　of　thc　suckling　stimulus　toward　the　mediobasal

hypothalamus(MBH)･

　　The　results　in　this　dissertation　demonstratc　the　neuroendocrinc　mechanism　by　which

thc　suckling　stimulus　suPPresses　LH　secretion　during　lactation;　1)the　suckling　stimulus

suPPresscs　pulsatile　LH　release　in　thc　absencc　of　the　negative　feedback　eflect　of　thc

ovarian　steroid,　but　not　daily　LH　surges　induced　by　chronic　trcatment　of　oestradiol.　2)

PRLdoes　not　mcdiate　the　supPrcssing　effect　of　the　suckling　stimulus　on　LH　Pulscs.　3)

thc　inhibitory　signal　cmanating　from　the　mother's　teat　is　conveycd　dorsally　to　the　MBH

through　the　Periventricular　nucleus　and　suPpresses　Pulsatile　LH　secretion.
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CHAPTER1

General　introduction

↓



　　RCProduction　is,　as　describcd　by　Monod　(1971),a　decisivc　asPect　which

discriminate　between　the　creatures　and　non'creatures;　the　former　has　the　reProductive

ability,　but　the　lattcr　does　not.　Thus,　reproduction　is　the　essential　cvent　for　a11

organisms　including　the　mammal　to　maintain　their　own　sPecics.　ReProductive　function

is　affected　by　environmental　factors　surrounding　the　organisms.　Even　the　paramccium,

a　kind　of　unicellular　organisms,　is　able　to　changc　the　strategy　for　reProduction

according　to　the　environment.　Cell　division　is　the　PrinciPal　strategy　undcr　the

apPropriate　environmental　condition,　while　the　sexua1　reProduction　is　used　under　the

unsuitable　condition　such　as　the　mal-nutrition,　because　thc　scxual　rcproduction　has　thc

advantage　of　producing　bettcr　posterity　(Brock,　1970).lt　has　been　also　known　that

various　environmental　factors　(eg･　pH,　nutrition,　temperature)affect　reproduction　of

thc　bactcria　(Hobson,1969)･

　　The　reproductivc　function　in　thc　vcrtcbratc　is　also　affected　by　theenvironmental

factor.　ln　mammals,　many　factors　originated　from　the　circumstances　havc　bccn　rePorted

to　affect　the　activity　of　the　reproductivc　system.　EXPosureto　stress,　i.e.　social　stimuli,

immobilization　and　electric　shock,　is　accomPanied　by　disruPtion　of　reproductive

functions　in　many　species　(rhcsus　monkey:　Rosc　e£�･,1972;　rat:　Rivier　ez　�.1986;

Briski&Sylvester,　1988),and　the　gonadal　activity　is　deprcsscd　under　thccondition　of

restrictcd　fccding(Campbell　ea/･,　1977;　Pirke　&Spyra,　1981;　MCClure&Saunders,

1985),since　animals　must　keeP　their　own　body　nrst　until　environnlcntal　conditions　tum

to　be　suitable　for　raising　the　following　generation.　Changes　in　the　daylength　also　alter

the　gonadal　activity　ofseasonal　breeders;　the　long-day　condition　reduces　thc

reProductive　activity　in　short-day　breeders,　i.e.　sheep,　goats　and　rhesus　monkeys,

while　it　increases　thc　activity　in　long-day　breeders,　i.e.　hamsters,　horscs　and　birds

(Turck&CamPbel1,　1979).Thc　gonadal　function　is　also　affected　by　the　physiological
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condition　of　the　animal;　1actation　isoneof　theconditions　suPpressing　the　reproductive

activity･

　　Lactation　isoneof　the　essentia1　Phases　of　reproductive　cyclcs　for　all　mammals.　The

principal　role　of　lactation　is　to　suPPly　milk　to　the　newbom　which　is　comPletely

dePendent　on　matemal　milk　during　the　neonata1　Period.　Various　Pituitary　hormones,

i.e･　prolactin(PRL),growth　hornlone,　adrenocorticotroPhic　hornlone　(ACTH),

oxytocin　etc･　(�lcker,1988;　Voogt　ezα/･,1969;Wllkerley　ezα/･,1988),are　released

to　the　circulation　to　maintain　milk　production　and　to　remove　milk　from　the　mammary

gland.　The　other　imPortant　feature　of　lactation　is　suPPression　of　the　reProductive

function　of　mothers.　Since　lactation　forces　nlothers　to　sPend　a　largeanlount　of　energy

and　nutrients　for　the　milk　production,　mothers　must　avoid　the　other　reproductive　events

causing　an　expense　of　excessive　energy.　For　this　PurPose,　the　animal　adopts　the

blockade　of　ovulation　as　a　strategy　for　the　survival　of　the　sPecies.　Actually,　ovulation　is

blocked　as　long　as　lactation　lasts　in　many　mammalian　sPecics　and　it　recurs　immediately

after　weaning　of　pups.

　　There　has　beenaconsiderable　body　of　evidence　which　indicates　that　the　suckling

stimulus　is　a　dominant　factor　inhibiting　ovulation　during　lactation　in　many　mammalian

species.　ln　women,　the　restoration　of　the　ovarian　activity　andrecurrenceof　ovulation　in

the　post-partum　period　are　delayed　in　the　early　Puerperium　(Howie&MCNeilly,　1982)･

Similarly,　the　puerPerium　is　associated　withanovulationand　amenorrhea　in　monkeys,

thc　length　of　which　dcpends　on　the　duration　and　intensity　of　suckling　(Goodman&

Hodgen,　1978).ln　the　dairy　and　beef　cow,　the　inhibitory　effect　of　suckling　on　the

retum　of　oestrus　is　also　well　documented　(Bluntzer　ez　�.,1989).La　voie　ezα/.

(1981)rePorted　that　the　interval　between　Parturition　and　the　nrst　ocstrus　was　shorter　in

cows　without　calves　than　in　those　with　calves.　ln　the　PostPartum　sow,　reducing　the
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1itter　sizc　to　three　5　days　before　weaning　resulted　in　earlier　post-weaning　ocstrus　than

that　insoNvs　Nveaning　8　piglets　(Stevenson&Britt,　1981),and　suckling　increascd　thc

interval　parturition　(Grinwich&Mckay,　1985).The　overlapPing　ofseasonal　anocstrus

and　lactation　delayed　theresurnPtion　of　ovarian　and　oestrous　activity　in　ewes　(Mandiki,

&α/.,1990).

　　Thc　blockadc　of　ovulation　in　lactating　mothers　has　been　rePorted　to　be　due　to

suPPrcssion　of　the　release　of　gonadotrophin,　especially　luteinizing　horrnonc　(LH).ln

women,　secretion　of　LH　in　brcast-feeding　mothers　is　nlorestrongly　supPressed　than

that　in　bottle-feeding　mothers　(Glasier　ez　α/･,1983).Weiss　ez　‘7/･　(1976a&b)rePorted

that　the　LH　secrction　was　suppressed　in　intact　or　ovariectomized　rhesus　monkeys

during　lactation.　Similarly,　suckled　beef　cows　showed　loxver　serurnLH　concentrations

in　thc　early　postPartum　period　than　non'suckled　beef　cows　(Short　ezα£,1972;　Randel

en7/･,　1　976;　Carruthcrs　ez　α/･,1980),and　dePrivation　of　calvcs　for　48　or　96　h

increased　basal　lcvels　of　LH　in　mothers(Smith　ez　a/.,1977).Plasma　LH

concentrations　in　Postpartum　sows　nursing　7'11　Piglets　lor　4　wecksNveresignincantly

lower　than　those　nursing　2-4　Piglcts　(Kunavongkrit,1984).0n　the　other　hand,

secretion　of　follicle-stimulating　hormone　(FSH)is　not　suPPressed　in　lactating　animals

(Foxcron　el　a£,1987;　Schirar　el　a£,1990).Plasma　concentrations　of　FSH　show

only　a　minor　change　aner　the　removal　of　Pups　in　rats　Cnlya　&Sasamoto,↓980)and

ovariectomy　incrcases　FSH　secretion　without　any　effect　on　LH　secretion　in　lactating

sows(Stevenson　ez　a/･　,　198　1).Thcrefore,　the　suckling　stimulus　suPpresses　thc

gonadal　activity　through　controlling　LH　sccrction.　FSH　secretion　could　be　primarily

controlled　by　ovarian　factors　(e･g.　inhibin)during　lactation.

　　ln　lactating　rats　nursing　an　adequate　number　of　PuPs,　cyclic　ovulation　is　interrupted

and　vaginal　dioestrus　is　maintained　ancr　Post-Partum　o゛ulation　for　about　20　days
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(Rothchild,　1960;　lomogane　ez　‘7/･,　1976),sincc　maturation　of　ovarian　lollides　is

suppressed　during　lactation　(laya&Sasamotoμ988;　laya　el　a£,1989).Moreover,

theren‘loval　of　puPs　or　reduction　of　the　litter　size　rcsults　in　immediate　follicular

develoPment(IT11ya&Sasamoto,　1980)and　the　subsequent　LH　surge　(7nlya&

Sasamoto,　1987).XVhen　the　rat　is　used　as　an　experimental　animal　for　studying　the

mechanism　underlying　the　suPpression　of　LH　secretion　in　lactating　animals,　we　must

descrve　to　consider　the　role　or　roles　Played　by　the　corPus　lutcum　formcd　aner　the　Post-

Partum　ovulation.　The　corpus　luteum　secreting　Progestcrone,　which　can　suPPress　LH

sccrctlon, Pcrsists　in　rats　as　long　as　lactation　lasts　(ITbmogane　ezα/･,1969).Previous

nndings,　howcver,　suggest　that　the　suckling　stimuluscan　suppress　thc　tonic　LH　release

at　early　and　mid-lactation　in　ovariectomized　rats　in　the　absencc　of　the　ncgative'feedback

enTect　of　ovarian　steroids　on　LH　release　(Hammons　ezα/.,1973;　Fox&Smith,1984;

Maeda　ezα/･,1987).Thesc　nndings　indicate　that　lactating　rats　ovariectomized

immediately　ancr　Parturitionare　auscful　model　for　hunlanand　other　domestic　animals

which　havc　no　lactational　corPus　lutcum　in　investigating　the　mechanism　of　the

suPPression　of　LH　secretion　during　lactation.

　　LH　is　known　to　be　secreted　in　a　pulsatilc　manncr,　renecting　the　Pulsc　of　LH-

rdeasing　horn!one(LHRH).Pulsatile　secretion　of　LH　is　significant　for　the　follicular

maturation　and　occurrence　of　oestrous　cyclicity　(Knobil,　1　980;　Rojanasthien　ez　α/･,

1985).Many　workers　have　rePorted　that　suPPression　of　Pulsatile　LH　secretion　by　the

suckling　stimulus　in　many　mammalian　sPccies　(rat:　Fox　&Smith√1　984;　Maeda　ez　α/･,

〕1　987;　cow:　Garcia-XVinder　ez　d,　1984;　Edwards,　1985;　Hinshelwood　ezα£,1985;

Williams　eM/･　,　1　987;　Shively　&Williamsμ989;　sow:　Foxcron　ea/.,1987;　Newton

ea/･,　1987;　cwe:　Schirar　ea/･,　1990),suggesting　that　the　suckling　stimulus　directly

inhibits　the　rclease　of　LHRH　pulses　at　the　hyPothalamic　level.　However,　littlc　is
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known　about　the　mechanism　of　this　suPpression.　lt　could　be　useful　to　comPare　the

mechanism　of　suPprcssion　of　LH　secretion　by　the　suckling　stimulus　with　that　by　other

factors,　i.e.　stress,　fasting　etc.{o　know　whether　or　not　the　suckling　stimulus　is　a

specific　factor　for　supPressing　LH　sccretion.

　　Thc　aim　of　thc　Prcscnt　study　is　to　detcrminc　the　mcchanism　by　which　the　suckling

stimulus　suPPresses　the　LH　secretion　in　lactating　animals　by　using　ovariectomized　rats

as　a　model　of　the　human　and/or　domestic　animals.　ln　Chapter　3,　1　demonstrated　the

dircct　supPression　of　the　Pulsatile　LH　rclease　by　the　suckling　stimulus,　and　comPare　thc

pattem　of　this　suPpression　with　that　by　the　ovarian　steroids.　ln　ChaPter　4,　1　attemPted

to　answer　the　question　whether　or　not　the　suckling　stimulus　could　inhibit　the　LH　surge

causing　ovulationas　Nvell　as　Pulsatile　LH　secretion.　ChaPter　5　revealed　that　PRL　did　not

mcdiatc　the　supprcssing　effect　of　the　suckling　stimulus　on　LH　secretion.　ln　Chapters　6

and　7,　1　suggested　thc　neuraI　Pathway　in　the　hyPothalamus　which　was　involved　in

suPPression　of　pulsatile　LH　secretion　by　the　suckling　stimulus.
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CHAPTER2

General　procedures
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4㎡ma/s

　　Female　Wistar-lmamichi　strain　rats　(250'300　g)were　kePt　undcr　conditionsof　14　h

light:　10　h　darkness　(lights　on　at　05.00　h)and　22±2oC　with　free　access　to　food　(Labo'

MR-RO;　Nihon　Nosan　Co･,　¥2)kohama,　Japan)and　water.　Pro-oestrous　females　were

each　Placed　with　a　male　ovemight　and　the　resulting　Pregnant　femalesNverehoused　in

individual　matemity　cages.　The　day　of　parturition　was　designated　day　O　of　the

exPcriment.　Littcr　sizeNvasadjusted　to　eight　on　day　1,　and　bilatcral　ovariectomy　was

Performed　on　day　2.　AI1　rats　were　cannulated　with　silicon　tubing　(innerdiameter　0.5

mm,　outer　diameter　1.0　mm;　Shinetsu　POlymer　Co./lbkyo,　Japan)inserted　into　the

right　jjugular　vein　(Maeda&Rukamura,　1989)by　the　day　before　the　onset　of　blood

samPling.　The　cannula　was　nlled　with　40　%POlyviny1Pyrrolidone(PVR　M.W　10,000,

Sigma,　St.　Louis,　MO,　U.S.A･)dissolved　in　saline,　containing　heParin　sodium　(200

U/ml,Shimizu　PhamlaceuticaI　Co.,Ltd｡,Shimizu,JaPan)and　cephalosPorin　(2　mg/ml,

Fujisawa　PharmaceuticaI　Co･,　Ltd･,　0saka,　JaPan),for　Preventing　of　blood　coagulation

and　bacterial　infection,　resPectively.　A11　operation　and　surgicaI　Procedures　were

Pcrformed　under　ethcr　anaesthesia　and　ascPticconditions.

j?/θθd∫αz?zβ/jzzg

　　Blood　samples　were　collccted　through　the　indwelling　atrial　cannula　with　a

heparinized　syringe.　XVhen　the　samPling　was　performed　at　6-min　intervals　for　3　h,　rcd

blood　cells,　which　had　been　taken　from　other　female　rats　and　washed　with　and

resusPcnded　in　saline,NvercrePlaced　following　each　samPling　to　maintain　the　hematocrit

value　constant.　The　Plasma　was　separatcd　by　centrifugation　immediatcly　aner　blood

collection　and　storcd　at　-20oC　until　assaycd　for　hornlones.
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j7θΓ/7zθzlEαs∫αys

LH:

　　Contents　of　LH　in　50　μl　of　Plasma　were　determined　by　double-antibody

radioimmunoassay(RIA)using　a　kit　Provided　by　the　NationaI　Hormone　and　Pituitary

Program(NHPR　Baltimore,MS,U.S.A.)and　the　antiserum　to　ovine　LH　(GDN　No.

15)provided　by　Dr.　G.D.　Niswender　of　COlorado　State　university,　Fort　Collins,　CO,

U.S.A･(Niswender　ezα/･,1968).GDN　No.　15　was　used　for　Plasma　samples　takcn

cvcry　6　min　for　3　h.　LH　concentrations　xvere　expressed　in　terms　of　thc　NIDDK-rLH-

RP-2.　The　least　detectable　level　of　LH　and　intra'　and　inter'assay　coefncicnts　of　variation

werc　1.9　pg/tubc　for　50　μl　plasma　samPle,　14.4　%at　the　level　of　O.62　ng/ml　and　9.2　%

at　the　levcl　of　O.58　ng/ml,　resPectively,　lor　the　assay　using　GDN　No.　15.　They　were　7.8

pg/tube,　1　0.7　%at　the　level　of　7.2　ng/ml　and　10.3　%at　the　level　of　6.4　ng/ml,

rcsPectivcly,　for　the　assay　using　the　antiserum　(S'9)provided　by　NHPR

PRL:

　　Contents　of　PRL　in　10　111　of　Plasma　were　determined　by　double-antibody　RIA　using

a　PRL　RIA　kit　supPlied　by　the　NHPP　and　exPressed　in　terms　of　NIDDK'rPRL'RP-3.

The　least　detcctablc　level　of　PRL　was　O.0625　ng/tubc.　The　intra'　and　intcr-assay

coefncients　of　variation　for　PRL　assay　were　5.1　%at　the　level　of　107　ng/ml　and　2.7　%at

the　level　of　108　ng/ml,　respectively･

Oestradiol:

　　Ocstradiol　lcvels　were　determinedby　a　double-antibody　RIA　using　1251-labelled

ocstradiol　as　dcscribed　by　nya　d　�･(1985).0cstradiol　was　extracted　from　50　μI

plasma　twice　with　dicthylether.　The　least　detectable　level　of　ocstradiol　was　4.59
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fmol/tube,　and　the　intra-assay　coemcicnts　of　variation　at　the　level　of　20.56　fmo1/tube

was　9.7%.

j7jMθ/θgjcα/ρΓθcEdμΓEs

　The　brains　wcre　Pcrfused　with　salinc　lollowed　by　10　%formalin　immediately　aner　the

samPling　through　the　len　ventriclc　under　Pentobarbitone　(Nembuta1,　Abott　Laboratories,

North　ChicagojL,　U.S.A･)anacsthesia.　The　brain　was　kept　in　a　10　%formalinovcr2

days　for　Post　nxation,　and　subsequently　kePt　in　30　%　sucrosesolutionover　2　days.

Coronal　sectionsof　the　brain　(30μm)werc　made　with　a　cryostat　(Cryotome　1600,

LiPshaw　Manufacturing　Co･,　Detroit,　MI,　U.S.A･)and　stained　with　crcsyl　violet　to

examine　the　cxact　location　of　incision　or　lesion　histologically　according　to　the　maP　for

thc　stereotaxic　coordinates　(Paxinos&Watson,1986).

IZZp�sEαηα/μ&

　　Pulscs　of　LH　were　identificd　by　the　PULSAR　comPuter　Program　suPPlied　by　Drs.

G.R.　Mcrriam　and　K.XM　NVachter　(Merriam&M/achter,　1　982).Thc　following　criteria

werechosen　inourPulse　analysis.　!f　thc　differencebetween　a　single　LH　concentration

and　thc　baseline　concentration　was　3.0　timcs　greater　than　the　standard　deviation　(S.D･)at

the　level　of　the　baseline　concentrationjt　was　considercd　to　be　Part　of　a　LH　pulse.　lf　the

dinerences　between　2　or　3　consecutive　LH　concentrations　and　the　baseline　were　2.4or

t.85　times　grcater　than　the　S.D.　at　the　basclinc　concentrations,　they　werealso　considcrcd

　　　　　　　　　　　　　　　　　　　　　　●

to　be　Part　of　a　LH　Pulse.　The　S.D.　for　each　Plasn‘la　conccntrationNvascalculated　by　the

equation　y　=(13.0k+1.4)/1oo(ChaPter　3),or　y　=(2.5F+2.a+2.4)/1oo

(Chapters　5,　6　&7);wherc　x　is　the　LH　level　and　y　is　the　S.D.　for　each　LH　leve1

determined　by　assaying　nve　series　of　controI　Plasma　in　ten　rePlicate.
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CHAPTER3

The　suckling　stimulus:　The　major　factor　for　suppressing

　　　　　　　LH　secretion　during　lactation.

-Suppression　of　tonic　secretion　of　LH　in　ovariectomized

　　　　　　　　　　　　lactating　rats-
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lntroduction

　　Plasma　concentrations　of　LH　were　maintained　at　a　low　level　at　early　and　mid-

lactation　in　lactating　rats　ovariectomized　2　days　aner　Parturition　(Fox&Smith,　1984;

Maeda　ez　α£,1987),suggesting　that　Pulsatile　LH　secretion　can　be　suPPressed　during

lactation　in　the　absencc　of　the　negativc　feedback　effect　of　ovarian　stcroids.

0variectomized　lactating　rats　could,　therelore,　be　an　cxcellent　model　in　studying　the

mechanism　involved　in　gonadal　suPpression　during　lactation　in　women　and　other

animals.

　　The　suckling　stimulus　has　bccn　reportcd　to　be　a　dominant　factor　supPressing　LH

secretion　during　lactation.　Recurrence　of　Post'Partum　ovulation　in　bottle-feeding　mothers

has　been　rePorted　to　bc　earlier　than　in　breast-keding　mothers　(Howie　ez�･,1982;

Glasier　ezα/.,1983).Therenloval　of　PuPs　or　reduction　of　litter　size　results　in　an

immediatc　follicular　dcvcloPmcnt　and　an　LH　surgc　followed　by　ovulation　(rat:　IThya　&

Sasamoto,　1980;　sow:　Edwards　&Foxcron,　1983).The　initiaI　Process,　which　leads　to

ovulation　aner　the　removal　of　the　suckling　stimulus,　would　be　an　increase　in　tonic　LH

secretion　released　in　a　pulsatilenlanner.　Howevcr,little　is　known　about　the　detailed

change　in　pulsatile　LH　secretion　aner　removal　of　and　subsequent　resuckling　by　PuPs　in

lactating　animals.　ln　the　present　chaPter,　the　changes　in　Pulsatile　LH　secretion　occurring

aner　removal　of　and　rcsuckling　by　puPs　were　determined　using　ovariectomized　lactating

rats　at　mid-lactation.　ln　addition,　the　changes　in　lactating　rats　aner　rcmoval　of　PuPs　were

comPared　with　those　in　cyclic　rats　aner　ovariectomy･
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Nlaterials　and　Nlethods

C/zαzzg6　jη£jZ　sEcrEzjθηqμεΓ　Γemθya/¥μ4/7s

　　Pups　were　removed　from　lactating　rats　for　6,　12,　18,　24　or　45　h　before　thc　onset　of

blood　collection.　Blood　samPles　(120μI)were　taken　from　these　mothers　for　3　h　at　6-min

intcrvals　on　day　8　of　lactation.　0variectomized　lactating　rats　with　litters　were　uscd　as

controls.

(E〕7zαjlga　jη　£j75ecrEZjθη　qμer　raz4c&/jzzg　l?Lyβ£zps

　　Pups　were　attached　to　lactating　rats　aner　24　h　of　seParation.　Blood　collection　lor　3　h

at　6-min　intervals　started　1,　4,　7　or　1　2　h　aner　initiation　of　resuckling.　Thcsc　animals

Nvcrealso　bled　on　day　8　of　lactation.

C/zaηga　jjl　£#sEcrdjθzzα/ΓεΓθyαΓjEcωmy㎞9djc　ra£s'

　　Cyclic　rats　which　had　shown　at　least　tNvo　consecutive　regular　4'day　oestrous　cycles

were　ovariectomized　on　day　l　or　2　of　dioestrus.　Blood　collection　for　3　h　at　6-min

intervals　started　12,　18,　24　or　48　h　or　6　days　ancr　ovariectomy.　Cyclic　rats　on　day　l　of

dioestrus　were　used　as　controls.

&αZjsZjcα/αzzα/y∫js

　　Statistical　diftcrcnces　xveredetermined　by　Duncan's　multiPle‘range　test.
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Results

C/zαzzga　jzz　£j7　sEcrEzjθηqμεΓμze　r£lmθyα/θ/'βμps

　　Figure　3.1　shows　the　individual　pattem　of　Pulsatile　LH　secretion　aner　therenloval　of

puPs.　Plasma　concentrations　were　maintained　at　a　low　level　in　control　rats　with　Pups　on

day　8　of　lactation.　Few　LH　PulsesNvereobscrved　in　rats　dePrived　of　their　PuPs　for　6　h.

LH　Pulses　aPpeared　in　some　animals　12　h　aner　separation　from　their　PuPs.　ln　rats　that

had　been　dePrived　of　their　puPs　for　18　and　24　h,　frequent　LH　pulses　with　high　amplitude

appeared　in　almost　all　animals.　lyPica1　LH　Pulses　with　high　amPlitudexvereobserved

aner　45　h　of　separation　from　Pups.

　　Mcan　LH　levels　during　the　3-h　sampling　period　remaincd　low　in　rats　with　Pups　and

in　those　dePrived　of　their　pups　for　6　of　12　h　(Fig.　3.2).The　mean　LH　levels　were

signincantly　higher　in　rats　separated　from　PuPs　for　1　8,　24　and　45　h　than　in　control

lactating　rats　or　those　scparated　from　pups　lor　6　h　(P<O.0　1　,　Duncan's　multiple-range

test).The　frequency　and　amPlitude　of　LH　Pulses　increased　gradually　as　the　Period　of

seParation　was　prolongcd.　The　frequency　after　45　h　of　seParation　was　similar　to　that　in

rats　6　days　aner　ovariectomy　(Fig.　3.3)･

C7zαzlga　jzz　£#sEcrErjθη　qμa‘　raac£/jzzg

　　Pulsatile　LH　secretion　disappeared　in　some　animals　and　LH　Pulses　with　smaII

amPlitudeNvereobscrvcd　in　the　remaining　animals　that　had　been　resucklcd　by　their　pups

for　l　or　4　h.　LH　Pulscs　wcre　rare　in　animals　sucklcd　by　their　puPs　for　7　or　12　h　(Fig･

3.4)･

　　Suckling　for　longer　than　l　h　significantly　lowered　the　mean　LH　level.　The　frequency

of　LH　Pulses　was　not　affected　by　resuckling　lor　l　or　4　h,　but　was　significantly　reduced
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by　7　or　1　2　h　of　resuckling.　The　amPlitude　was　significantly　lowered　by　resuckling　for　4,

7or12h(P<O.01,Duncan's　multiPle'range　test).AII　Parameters　of　LH　Pulscs　decreased

gradually　as　the　duration　of　rcsuckling　increased　(Fig.　3.5)･

C/zα/lg6　jzz　£j7　gcrdjθzz　qμεΓθyαΓjEdθz?zy㎞9djc　razs

　　Thc　individuaI　Pattems　of　Pulsatile　LH　sccretion　aner　ovaricctomy　in　cyclic　rats　are

shown　in　Fig.　3.6.　ThereNverc　nosignincant　differences　in　the　frequency　of　LH　Pulses

between　grouPs　(Duncan's　multiPlc-range　tcst),although　the　frequency　incrcased　very

slightly　from　48　h　to　6　days　aner　ovariectomy　(Figs　3.3　&3.6).The　frequency　was　kePt

at　a　high　level　even　during　day　l　of　dioestrus.　The　mean　LH　level　and　amplitude　of　LH

pulses　werc　increased　signincantly　from　48　h　to　6　days　aner　ovariectomy　(P<O.01,

Duncan's　multiPle'range　test)･
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Discussion

　　The　results　in　the　Present　chaPter　demonstrate　that　pulsatile　LH　secretion　began　to

increasc　from　12　to　18　h　after　rcmoval　of　pups　from　ovariectomized　lactating　rats.　By　18

h　aner　removal　of　pups,　the　mean　concentration　of　LH　reached　thc　high　lcvel　that　was

observed　in　rats　45　h　aner　removal　of　PuPs.　The　frequency　of　LH　pulses　gradually

increased　from　6　to　45　h　ancr　rcmoval　of　pups.　The　maximum　frequency　was　rcached

ancr　the　seParation　of　PuPs　lor　45　h,　since　this　frequency　was　very　similar　to　that　in　rats

6　days　aner　ovariectomy　(Figs　3.2　&3.3).The　result　of　a　previous　rcPort　in　intact　rats

(nya&Sasamoto,　1980),in　which　the　LH　surge　occurrcd　3　days　aner　removal　of

Pups,　could　be　cxplained　well　by　present　nndings　in　ovariectomized　lactating　rats:　the

renloval　of　thesuckling　stimulus　induces　anabrupt　dccrease　in　Prolactin　secrction　(Haggi

el�.,1986)and　an　immediate　increase　in　LH　secretion　that　starts　within　24　h　aner

removal　of　PuPs,　and　is　followed　by　luteolysis　and　follicular　dcvelopment.　Fox　&Smith

(1984)reported　that　Pulsatile　LH　secretion　did　not　incrcase　in　somc　animals　48　h　ancr

rcmoval　of　Pups　in　SPrague'Dawlcy　rats.　Jakubowski　&7R3rkel(1985)rePortcd　that

oestrus　rccurred　20　days　aner　the　renloval　of　Pups　in　SPrague-Dawley　rats.　The

inconsistency　betwecn　the　present　rcsults　and　theirs　might　be　ascribed　to　the　difference　in

the　strain　of　rats　used.

　　The　resuckling　by　puPs　reduced　the　mean　LH　level　and　amPlitude　of　LH　pulses　more

raPidly　than　the　frequency　in　lactating　rats　that　had　been　seParated　from　thcir　puPs　for　24

h(Figs.　3.4　&3.5).This　indicates　that　the　initial　effect　of　the　resuckling　might　be　the

rcduction　of　the　amplitudc　of　LHRH　Pulses　but　not　thc　frequency,　since　the　amplitude　of

LH　PulsesNvasrePorted　to　be　corrclated　with　thc　amPlitude　of　LHRH　Pulscs　in　the　shceP

(Levinc　ea/･　,　1　982).lt　is　notcworthy　that　rcsuckling　by　PuPs　supPressed　LH　secretion
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within　only　12　h.

　　The　LH　pulse　nTequency　did　not　increase　in　cyclic　rats　aner　ovariectomy　and　was

kcpt　at　a　high　lcvel　before　and　aner　ovariectomy　(Fig.　3.3).The　Present　results　are

consistent`゛ith　Previous　rePorts　in　`゛hich　the　frequency　remained　unchangcd　during　thc

ocstrous　cycle　(Fox&Smith,　1985)and　aner　ovariectomy,　and　the　rePlacement　of

oestradiol　did　not　affect　the　frequency　(XVeick　ezα/･,1981;　Higuchi　&Kawakami,

1982).Thc　suckling　stimulus　reduced　both　the　frequency　and　the　amplitude　of　LH

Pulscs,　while　ovarian　stcroids　might　reduce　only　the　amPlitudc　and　not　affect　the

frequency.　These　results　suggest　a　different　mechanism　for　the　supPression　of　LH

release　during　lactation　from　that　in　the　suppression　of　LH　rclease　by　ovarian　stcroids.

Since　the　frcquency　of　LH　Pulses　could　directly　renect　the　frequency　of　LHRH　Pulses

and　the　activity　of　the　Putative　LHRH　Pulse　generator　(Levine&Duffy,　1988),it　is

likely　that　thc　suckling　stimulus　suPPresses　the　activity　of　the　LHRH　Pulse　gcnerator

more　directly　than　do　ovarian　steroids.　Thc　steroid'independent　inhibition　of　the　activity

of　thc　Pulse　generator　by　the　suckling　stimulus　is　suPPorted　by　nndings　showing　that

Pulsatile　LH　secretionNvas　suPPressed　in　ovariectomized　lactating　rats　(Figs.　3.1　&3.2;

Fox&Smith,1984;　Maeda　ez�.,1987)and　sows　(Stevenson　ez�.,1981).

　　ln　summary,　Pulsatile　LH　secretion　appeared　within　12-18　h　aner　removing　puPs

from　ovariectomized　lactating　rats　at　mid-lactation.　Paramcters　of　Pulsatilc　LH　secretion,

i.e･　mcan　level,　frequency　and　amplitude,　recovered　gradually　in　ovariectomized　lactating

rats　aner　thcrenloval　of　PuPs.　The　subscquent　resuckling　by　Pups　supPressed　the　mean

LH　lcvcl　and　thc　LH　Pulse　amPlitude　immediately,　and　thc　frequency　of　the　LH　Pulsc

gradually.　lncontrast,　the　frequcncy　of　the　LH　pulse　did　not　show　a　signincant　increase

aner　ovariectomy　in　cyclic　rats.　These　rcsults　suggest　a　differcnt　mechanism　for　thc

suPPrcssion　of　Pulsatile　LH　secretion　by　the　suckling　stimulus　from　that　by　ovarian

17



steroids.
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Figure　3.　1　.　Plasma　Prorilcs　of　LH　in　individual　ovaricctomizcd　lactating　rats　deprivcd　or

lhcir　pups　r()r　6,　12,　18,　24　()r　45　h.　AII　rats　wcrc　()varicclomizcd　on　day　2　()r　lactati()n

(day　O=thc　day　()r　Parturilion)and　blood　samplcs　wcrc　takcn　()n　day　8()r　lactalion　at　6-

min　intcrvals　ror　3　h　rrom　H.00　to　13.00　h.　Arrowhcads　indicatc　lhc　LH　pulscs

idcntiricd　wjth　thc　PULSAR　c()mPutcrProgram.　C;　control　rats　which　had　not　bccn

dcprivcd()r　thcir　PuPs.

19



Q
E
ω
l
a

1.0

_'0.5

E
＼

Z

J

Cy)
C

　　O

C

Mean　LH

　　　b

6　12　18　24　45

6

'
`
5
＼
ω
Q
!
『
'
a

○

Frequency

C　6　12　18　24　45

s
E
ω
l
a
{
E
＼
z
J
a
c

1.0

0.5

○

Amplitude

C　6　12　18　24　45

Figurc　3.2.　Thc　mcan　LH　lcvcl　and　thc　rrcqucncy　and　amPlitudc　or　LH　Pulscs　calculatcd

by　thc　PULSAR　comPutcr　Program　in　o゛aricctomizcd　lactating　rats　dcPrivcd　ol゛　thcir

PuPs　6r　6,　12,　18,　24　or　45　h.　MIlucs　arc　mcans　±S.E.M.　McanLH　lcvcls　rcPrcscnt

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　3

thcnlcans　lbr　all　samplcs　collcctcd　ovcr　thc　3-h　pcriod.　Numbers　in　cach　column

rcPrcscnt　thc　numbcrs　or　animals　uscd.　Valucs　with　dilkrcnt　l�crs　arc　signiricantly

dilTcrcnt　rrom　cach　olhcr　(P<O.01,　Duncan's　multiplc-rangc　tcst).C;c()ntr()1　rats　which

had　nol　bccn　dcprivcd　()r　thcir　pups.
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Figurc　3.3.　Thc　mcan　LH　levchlnd　{hc　frcqucncy　and　amplitudc　or　LH　pulscs　in　cyclic

rats　ovaricctomizcd　R)r12,　j　8,　24　h　or　6　days.　Valucsarc　mcans±S.E.M.Numbers　in

cach　column　rcPrcscnt　thc　numbcrs　or　animals　uscd.　valucs　with　dilkrcnt　lcttcrs　arc

signiricantly　dir11rcnt　rrom　cach　()thcr(P<O.01,Duncan's　multiple゛rangc　tcst).D;

control　rals　blcd　on　thc　day　l　or　diocstrus.
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Figurc　3･4.　Prorilcs　or　Plasma　LH　conccntrations　in　individual　ovarjccl()mjzcd　jactatjng

rats　resuckled　by　thcir　PuPs　ror　】,4,　7　or　12　h　ancr　a　24‘h　scparati()n　rrom　Pups.　AH　rats

゛'crc()varicctomizcd　on　day　2()Hactation(day　O=thc　day　of　parturiti()n)and　blood

samplcs　wcrc　takcn　on　day　8　or　lactation　at　6-min　intcrvals　tT()r3　h.A｢rowhcads　indicatc

thc　LH　pulscs　idcntiricd　with　thc　PULSAR　computcr　program.　C;　c()ntrol　rats　which

wcrc　not　rcsucklcd　by　PuPs.
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ovaricctomizcd　lactating　rats　rcsucklcd　by　thcir　PuPs　for　l,4,7　or　12　h　artcr　a　24-h

scpmlti()n　rronl　pups.　valucs　arc　mcans　±S.E.M.　Nunlbcrs　in　cach　c()lumn　rcprcscnt

thc　numbcrs　or　animals　uscd.　vhlucs　with　dirfcrcnt　lcttcrs　arc　signiricantly　dilTcrcnt

rr()m　cach　othcr　(P<O.01,　Duncan's　multiplc-rangc　tcst).C;c()ntrol　rats　which　wcrc　not

rcsucklcd　by　PuPs.
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CHAPTER4

LH　surges　in　lactating　rats

-Effect　of　the　suckling　stimulus　on　daily　LH　surges　induced　by

chronic　oestrogen　treatment　in　ovariectomized　lactating　rats-
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lntroduction

　　Thc　findings　in　ChaPter　3　suggest　that　the　suckling　stimuluscan　supprcss　tonic　LH

release　at　early　and　mid-lactation　in　ovariectomized　lactating　rats　in　the　absence　of　the

negative　feedback　effect　of　ovarian　steroids　on　LH　release.

　　lt　has　been　well　established　that　there　are　two　types　of　LH　rcleasc　(tonic　and　cyclic)

in　the　cyclic　female　rat.　Theseareregulated　by　the　mediobasal　hyPothalamus　(MBH)and

the　Preoptic　area　of　the　hyPothalamus,　respectively　(Gorski,　1968).lnduction　of　an　LH

surge　by　ocstrogen　trcatment　in　ovariectomized　lactating　rats　(Smith,　1978b;　CopPings　&

MCCann,　1979)implies　the　possibility　that　the　mechanism　by　which　LH　is　relcased　in

response　to　oestrogen　is　not　impaircd　in　lactating　animals　receiving　a　strong　suckling

stimulus.　ln　cyclic　rats　the　biological　clock　is　involved　in　regulating　cyclic　LH　release,

together　with　high　levels　of　circulating　oestrogen,　because　LH　surgesoccurdaily　at　a

nxed　timc　of　the　day　in　ovaricctomized　rats　bcaring　chronic　imPlants　of　oestrogen

(Chazal　ezα/.,1977).Since　the　renloval　of　the　supPressive　effect　of　the　suckling

stimulus　on　tonic　LH　release　was　observed　in　late　lactation　in　ovariectomized　lactating

rats(Smith&Nei11,　1977;　Maeda　ezα/･,1987),the　hypothalamic　mechanism　controlling

the　cyclic　LH　surgecould　alter　its　activity　with　the　advancement　of　lactation.

　　The　aim　of　the　study　in　this　chapter　was　to　determine　the　effects　of　the　suckling

stimulus　on　the　daily　LH　surge　induced　by　chronic　oestradiol　treatment　in　mid'　and　late

lactation　in　ovariectomizcd　lactating　rats.
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IVlaterials　and　MLethods

j�/zzα/∫αzld　rz･εαZ/ηaza

　　Lactating　rats　dePrived　of　their　littcr　on　day　O　served　as　non-1actating　controls.

Lactating　and　non'lactating　ovariectomized　rats　were　imPlanted　subcutaneously　under　the

dorsal　skin　with　Silastic　tubing　(inner　diameter　1.0　mm,　outcr　diameter　1.5　mm,　2　cm　in

lcngth;　Dow　Coming,　Midland,　MI,　U.S.A･)nlled　with　crystalline　oestradio1-　1　7β

(Sigma,St　Louis,　M0,U.S.A･)at　17.00-18.00　h　on　day　6　(group　1)or　day　15　(grouP

2).Control　rats　were　implanted　with　emPty　tubing　on　day　6.　Blood　samples　(250μ1)

wcrecollected　through　thc　indwelling　atrial　cannula　every　day　at　10.00　and　17.00　h　to

detect　the　daily　LH　surge,　since　the　LH　concentration　in　the　pro-oestrous　rat　showed　a

Pcak　at　1　7.00　h　under　thc　lighting　conditions　emPloyed　in　the　present　study　(Fig.　4.1)･

n　dcterminc　the　detailcd　Profile　of　LH　sccretion,　blood　samPlesNvcre　taken　2　and　8

days　aner　oestradiol　imPlantation　at　1　'h　intcrvals　from　1　0.00　to　20.00　h　in　both　lactating

grouPs.　■゛unk　blood　was　collected　at　decaPitationonthe　last　day　of　thc　experiment　to

determine　the　Plasnla　concentrationsof　oestradiol.

　　The　anterior　pituitaryxvas　renloved　immediately　aner　killing　at　12.00-12.30　h　4　days

aner　oestradiol　imPlantation,　weighed,　homogenized　with　2　ml　phosphate-buffered

saline(pH　7.6)and　centrifuged　(10,000　g　for　30　min).The　suPematant　was　stored　at　-

20oC　until　assayed　lor　LH.

7)α&αηα/y∫js

　　Statistical　differenccs　xveredetermined　by　Duncan's　multiPle-range　test,　Studc�s　z-

tcst　or　two-way　ANOVA.
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Results

　　Thc　matcmal　behaviourof　o゛ariectomized　lactating　rats　with　or　without　oestradiol

implants　was　similar　to　that　of　intact　lactating　rats.　The　weights　of　litters　were　not

significantly　diflerent　among　ovariectomized,　ovariectomized　oestradiol'imPlanted　and

intact　lactating　rats　throughout　lactation　(Duncan's　multiple-range　test,　Thble　4.1)･

　　Plasma　LH　concentrations　in　lactating　rats　bearing　emPty　capsules　remained　low

throughout　lactation.　They　started　to　increase　on　days　14-15　and　continued　to　increase

gradually　up　to　thc　end　of　lactation.　The　LH　concentration　in　non-lactating　animals　was

much　higher　than　that　in　lactating　animals　throughout　the　exPerimental　pcriod.

Conccntrationsof　LH　in　the　moming　(10.00　h)weresimilar　to　those　in　the　anemoon

(17.00　h)in　both　lactating　and　non-lactating　animals　imPlanted　with　cmPty　capsules

(Fig.　4.2)･

　　Daily　LH　surges　occurred　every　anemoon　from　the　day　following　ocstradiol

implantation　in　both　lactating　and　non-lactating　rats　of　grouP　1.　Thc　amPlitudc　of　the

daily　LH　surgcs　declined　much　moresteePly　in　lactating　rats　of　grouP　l　than　innon-

lactating　rats　of　the　samc　group.　The　amPlitudc　of　LH　Peaks　in　lactating　rats　was　very

similar　to　that　in　non-lactating　rats　for　thc　first　2　days,　but　it　was　signincantly　lowcr　from

day　9　onward　in　the　former　group　than　in　the　latter　(P<O.05,　Stude�s　l'test,　Fig.　4.3)･

Peaks　of　LH　surgesNvereobserved　bctween　1　5.00　and　1　7.00　h　in　each　individual　2　days

aftcr　imPlantation,　but　almost　disapPeared　8　days　aner　imPlantation　in　lactating　rats　of

grouP　1(Fig.　4.4a)･

　　ln　lactating　and　non-lactating　rats　of　grouP　2,　daily　LH　surges　were　observed　every

ancmoon　from　2　days　ancr　oestradiol　imPlantation.　No　significant　difference　in　thc

amplitude　of　LH　pcaks　was　observed　between　lactating　and　non'lactating　animals　in
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grouP　2　until　the　cnd　of　the　cxPerimcnt　(Student's　z-test,　Fig.　4.5).ln　lactating　rats　of

grouP　2,　Peaks　of　LH　surges　in　each　individual　aPPeared　between　15.00　and　18.00　h

and　bctwccn　14.00　and　16.00　h　2　and　8　days　aner　imPlantation,　respectivcly　(P<O.05,

two-way　ANOVA,　Fig.　4.4b)･

　　Pituitary　LH　contents　4　days　aner　imPlantation　in　lactating　animals　of　grouP　l　werc

signincantly　lowcr　than　those　in　both　the　non'lactating　rats　in　grouP　l　and　the　lactating

rats　in　grouP　2　(Fig.　4.6)･

　　Therexvas　nosignincant　differcnce　in　mean　Plasma　concentrations　of　oestradiol

bctwcen　lactating　and　non-lactating　rats　in　both　groups　l　and　2　(Stude�s　z'test,　Tablc

4.2)･
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Discussion

　　The　results　of　the　Prcsent　chapter　clearly　demonstrate　that　in　both　mid-and　late

lactation　the　daily　LH　surge　could　be　induced　by　chronic　oestradiol　treatment　in

ovaricctomized　lactating　rats.　The　suckling　stimulus　given　to　mothcrs　in　this　exPerimcnt

secmcd　to　be　as　strong　as　that　to　the　intact　animals,　since　the　weights　of　litters　and　the

matemal　behaviour　of　ovariectomized　lactating　rats　with　or　without　oestrogen　implants

were　very　similar　to　those　in　intact　lactating　rats.　lt　isreasonable　to　consider　that　the

suckling　stimulus　does　not　nullify　the　Positive゛feedback　effect　of　oestrogen　on　LH

rclcase　both　in　mid'　and　late　lactation;　in　other　words,　thc　high　levcl　of　oestrogen　could

induce　LH　surges　at　any　Phase　of　lactation　even　if　vigorous　suckling　was　Provided.

　　lncontrast　to　the　surgc-like　secretion　of　LH,　tonic　LH　secretion　Nvas　strongly

suPprcssed　in　mid'lactation,　and　the　suppression　was　gradually　withdrawn　in　late

lactation　incontrol　rats　bearing　emPty　capsules　(Fig.　4.2).This　finding　agrees　wcll　with

that　rePorted　previously　(Chaptcr　3;　Smith　&NeiII,　1977;　Maeda　ezα/･,1987)and

shows　that　the　suckling　stimulus　Prcvented　tonic　LH　secrction　in　the　carly　and　mid-

lactating　Period.　The　suckling　stimulus　could　therefore　block　ovulation　by　disturbing

t゛ollicular　development　through　the　supPression　of　tonic　LH　secretion.

　　Cyclic　release　of　LH　in　rats　is　regulated　by　levels　of　circulating　oestrogcn　and　by　the

daily　signal　from　the　Putative　biological　clock　in　the　suPrachiasmatic　nucleus　(SCN),

since　LH　surgesoccurdaily　at　a　nxed　timc　of　the　day　in　ovariectomized　rats　with　Silastic

ocstrogcn　imPlants　(Chazalea/.√t977).That　the　centre　for　cyclic　LH　release　is　located

in　the　medial　PreoPtic　area　(MPOA)and　that　it　integrates　inlormation　conceming　the　level

otT　circulating　ocstrogen　and　daily　signals　from　the　biological　clock　has　been　suggested

by　many　workers.　Goodman　(1978)rcPorted　that　the　daily　LH　surge　was　induced　only
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whcn　oestrogcn　was　imPlanted　in　the　MPOA,　but　not　in　other　brainareas.Blockade　of

thc　surge　by　lesion　of　the　SCN　and　an　increase　in　the　multiPle　unit　activity　in　thc　MPOA

bctore　the　pro-oestrous　LH　surgc　werc　demonstrated　by　Kawakami　ez�･(1970,　1980)･

Thc　present　results　showing　induction　of　the　daily　LH　surge　at　around　17.00　h　by

ocstrogen　implants　indicate　that　the　centre　for　cyclic　LH　release　in　the　MPOA　might

oPcratc　proPerly　in　vigorously　suckling　rats　if　oestrogen　was　Provided.

　　The　decline　in　the　amPlitude　of　daily　LH　surges　in　lactating　animals　of　grouP　l　was

more　rapid　than　in　non-lactating　rats　(Fig.　4.3).This　might　be　due　to　more　rapid

exhaustion　of　LH　from　the　pituitary　in　lactating　rats　comPared　with　that　in　non-1actating

animals,　because　the　LH　content　in　the　anterior　Pituitary　just　belore　the　daily　LH　surge

(1　2.00-　1　2.30　h)in　lactating　animals　of　group　l　was　much　less　than　that　in　non-lactating

animals　in　the　same　grouP　(Fig.　4.6).The　raPid　exhaustion　of　Pituitary　LH　in　lactating

rats　in　mid-lactation　obtained　in　the　Present　experimcnt　could　be　consistent　with　thc

finding　of　COPPing　&MCCann(1979).They　rcPortcd　that　thc　level　of　LH　release

induced　by　injection　of　LHRH　on　the　third　day　of　chronic　ocstrogen　treatment　in

lactating　rats　was　lower　than　that　on　the　following　day　of　the　treatment.　ln　the　exPcriment

in　which　oestrogen　was　implanted　in　late　lactation　(grouP　2),the　Pronle　of　the　change　in

thc　Pcak　level　of　LH　surgc　in　lactating　rats　was　very　similar　to　that　in　non'lactating　rats.

Thc　absencc　of　a　rapid　decline　in　the　amplitude　of　thc　LH　surge　in　lactating　rats　of　grouP

2　might　be　due　to　high　pituitary　LH　contents　in　these　rats.

　　Thc　small　amount　of　pituitary　LH　in　lactating　rats　of　grouP　l　could　be　caused　by

supPression　of　LHRH　rclease　in　mid'lactation,　since　LHRH　stimulates　the　synthesis　as

well　as　the　relcasc　of　LH　in　the　Pituitary　(Redding　el　α£,1972).The　supPression　of

LHRH　release　in　mid-lactation　is　deduced　from　the　obscrvation　that　tonic　LH　sccretion　is

maintaincd　at　a　low　levcl　in　this　stagc　of　lactation　(Fox&Smith,　1984;　Macda　d　d,
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1987).The　increased　release　of　LHRH　in　latc　lactation,　resulting　from　withdrawal　of　the

suPPressing　enTect　of　the　suckling　stimulus　on　the　hyPothalamus,　could　Promote　Pituitary

LH　Production　and　Pulsatile　LH　rclease　(Maeda　el　d,　1987).Thus　the　LH　stored　in

lactating　rats　of　grouP　2　increascd　to　comPensatc　for　thc　daily　rclease　of　large　amounts　of

LH,　although　the　LH　stored　in　lactating　rats　of　group　2　was　signincantly　less　than　that　in

non-lactating　animals　in　the　same　grouP･

　　ln　conclusi()n,　cyclic　LH　relcasc　Produced　both　in　mid-　and　latc　lactation　by　chronic

ocstradiol　treatment　in　ovaricctomized　lactating　rats　indicates　that　the　suckling　stimulus

could　not　impair　the　mechanism　involvcd　in　the　cyclic　LH　surges,　and　the　steePer　declinc

in　amPlitude　of　daily　LH　surges　caused　by　ocstrogen　imPlantation　in　mid‘1actating　rats

might　bc　ascribed　to　the　smallcr　contents　of　Pituitary　LH　in　these　animals　comparcd　with

thosc　in　latc　lactating　animals.
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OVX+oestradiol

OVX

lntact

Tahlc　4.　1　.　Weights　of　littcrs　(of　eight　PuPs)nurscd　by　intact　rats　and　by　ovariectomized

(OVX)rats,　with　or　without　ocstradiol　imPlants,　on　days　1　0,　1　4　and　18　of　lactation.

Wdght　of　litter　(g)

Day　10 Day　14

157.8±8.7“(6)b　190.8±15.8(6)

152.3±12.2(6)208.5±14.8(6)

144.5±22.9(5)208.4±26.4(5)

Day　18

219.6±1　1.8　(4)

250.4±33.7(6)

251.4±34.3(4)

Thc　day　of　Parturition　was　designated　day　O　of　lactation.　EmPty　imPlants　were　given　on

day　6.　Thercxvere　nosignificant　differenccs　between　treatments　oneach　day　of　lactation

(Duncan's　multiPle-rangc　test).3Means±S.D.bNumbcrs　of　litters　used.
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nblc　4.2　Plasma　ocstradiol　concentrations　(nmol/I)in　lactating　or　non-lactating　rats

implanted　with　oestradiol　on　day　6　(grouP　I)or　T15　(group　2).

GrouP　1

GrouP　2

Lactating

1.70±0.83

1.56±0.31

Non'lactating

2.43±1.02

1.86±0.34

valucsare　rneans　±S.D･(n　°　8　in　each　group).　Blood　samPles　were　collected　on　day

20-23(day　O=the　day　of　Parturition).There　is　no　significant　dim5rence　bctween

lactating　and　non-lactating　rats　within　the　same　group　(Stude�s　z-test)
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Figurc　4.1.　Prcovulatory　LH　surgcs　in　individual　pro-ocslrous　rats(nー

‐ 3).Blo()d

samplcs　wcrc　takcn　at　l`h　intcrvals　rrom　14.00　to　20.00　h　on　thc　day　or　Pr()゛()cstrus.

35



2

1
　
　
　
　
　
0
　
　
　
　
　
'
'
j

　
　
(
}
j
g
)
R
I
E
g
&

2

j

0

㈲

7 10　　　　　　　　15

Time　after　parturition　(days)

20

Figurc　4.2.　Plasma　LH　conccntrations　in　ovaricctomizcd　(a)lactating　and　(b)non-

lactating　rats　(n　°　8　in　cach　gr()uP)imPlantcd　with　cmpty　tubing　on　day　6　(arrows;　day　o

Hhc　day　()r　Parturiti()n).ln　non'lactating　rats,　puPs　wcrc　rcmo゛cd　rrom　thcir　m()thcrs　on

day().0varicclomy　was　pcrr()rmcdonday　2.　0pcn　and　closcd　circlcs　indicatc　LH

c()nccn1rali()ns　a1　1().00　and　17.00　h,　rcspcctivcly.　Valucs　arc　mcans　±S.E.M.
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Figurc　4.3.　Daily　LH　surgcs　in　()varicctomizcd(a)lactaling　and　(b)non'lactating　rats　(n

゜8　in　cach　grouP)imPlantcd　with　ocstradiol　on　day6.　1n　n()n'lactating　rats,　puPs　wcrc

rcmovcd　Eronnhcir　m()thcrs()n　day　O.　0varicctomywasPcrFormcd　on　day　2.　0Pcn　and

closcd　circlcs　indicatc　valucs　at　l().()O　and　1　7.00　h,　rcspcctivcly.　*P<O.05　c()mParcd

with　non-lactating　rats(Studc�s　Mcst).vhlucs　arc　mcans　±　S.E.M.Arrows　indicatc

thc　timcs　()r　ovaricct()my(OVX)and　implantation　(OE2)･
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samplcs　wcrc　takcn　at　l　‘h　intcrvals　rr()m　10.00　t()20.()O　h.　valucsarc　lTlcans±S.E.M.
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Figurc　4.5.　Daily　LH　surgcs　in　()varicctomizcd(a)lactating　and　(b)n()IFlaclating　rats(n

=8　in　cach　casc)imPlantcd　with()cstradi()l　on　day　15　(arrows).ln　n()n'laclating　rats,

puPs　wcrc　rcmovcd　rrom　thcir　mothcrs　on　day　O.　0varicctomy　was　pcrrormcd　()n　day　2.

0Pcn　and　cl()scd　circlcs　indicatc　valucs　at　10.00　and　17.00　h･　rcspccti゛cly.　*P<O.05

comParcd　with　non'lactaling　rats　(Studc�s　l'tcst).valucsarc　rncans　±S.E.M.
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Figurc　4.6.　Pituitary　LH　contcnts　4　days　artcr　oestradi()l　implantation　(on　day　6　or　15)in

()varicctomizcd　lactating(hatchcd　bars)and　non'lactating(oPcn　bars)rats.　AIl　animals

wcrcdccapilatcd　aH　2.00-12.30　h.　*P<O.05　c()mparcd　with　non-lactaling　rats,　↑P<O.05

comparcd　with　rats　implantcd　with　()cstradi()lon　day　15　(tw()'way　ANOVA).Valucs　arc

mcans±S.E.M.;numbcrs　in　bars　indicatc　numbcrs　()r　animals　uscd.
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CHAPTER5

ROle　of　prolactin　(PRL)

-Does　PRL　mediate　suppression　of　pulsatile　LH　secretion

　　　　　　　　　　　in　lactating　rats?-
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lntroduction

　　Since　hyperProlactinaemia　is　often　acconlpanied　by　the　decline　of　plasnla　and

pituitary　levels　of　LH　(Cohen‘Becker　ezα/･,1986;　Smith　&Bartke,　1987),plasma

levels　of　PRL　maintained　at　high　level　throughout　lactation　(Amenomori　ez　α£,1970;

Kacsoh&Nagy,　1983;　Mattheij　ezα/･,1985)could　mediate　the　suppressing　effect　of

the　suckling　stimulus　on　the　LH　secretion.　0n　the　other　hand,　previous　works　indicated

that　the　reduction　of　plasma　PRL　concentrations　by　the　treatment　with　bromocriPtine

(CB-154),a　dopamine　agonist,　did　not　affect　LH　levels　in　ovariectomized　rats　at　early

and　mid-1actation,　although　this　treatmcnt　increased　thc　Plasma　LH　lcvcls　earlicr　than　the

saline　treatmcnt　at　late　lactation　(Lu　ez　d,　1976;　Smith,　1978a;　Maeda　erα£,1990)･

However,the　effect　of　reduced　PRL　secretiononthe　suppression　of　pulsatile　LH　release

during　lactation　is　still　unknown.

　　ln　the　present　chaPter,　the　effect　of　the　reduction　of　PRL　release　induced　by　CB'154

treatment　on　suppression　of　LH　pulses　in　ovariectomized　lactating　rats　was　examined　to

determine　whether　PRL　mediate　this　supPressive　effect　of　the　suckling　stimulus　in　mid'

lactation.　ln　addition,　rePlacement　with　PRL　in　the　CB'154“treated　animals　was　also

studied.
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Nlaterials　and　Nlethods

/1�/7zα/s　az�ZΓεαZzηaza

　　Postpartum　rats　dePrived　of　their　litters　on　day　2　served　as　non-lactating　controls.

Blood　samplcs　(!001λI)were　taken　through　the　indwellingcannula　at　6-min　intervals　for

3　h　on　day　7　or　8.　A　doPamine　agonist,　2'Br'a-ergocriPtine　mesylate　(CB-154)

provided　by　Sandoz,　Basel,　Switzcrland　was　dissolved　in　a　small　amount　of　ethanol　and

diluted　with　saline.　0vine　PRL　for　biological　usc　(NIDDK'oPRL'18),Provided　by　the

NHPP　was　dissolved　in　O.03　M　NaHC03,　diluted　with　saline　and　stored　at　-20oC　until

USC.

　　CB-154　solution　(O.6　mg/day)or　saline　was　injected　daily　into　both　lactating　and

non-lactating　animals　at　18.00　h　from　day　2.　The　half　of　the　rats　injccted　with　CB'154

was　infuscd　with　ovine　PRL　solution　(NIDDK'oPRL‘18,　0.3　mg/day),using　a　mini-

osmotic　PumP　(Alza,　CA,　U.S.A･,　model　No.　200　1)Placed　under　the　dorsal　skin　on　day

2.　Tlb　give　the　similar　strcngth　of　thc　suckling　stimulus　to　each　mother,　litters　were

rotatcd　evcry　day　among　4　lactating　animals　in　the　following　ordcr　as　Previously

described(Maeda　ea/.,1990);a　CB-↓54-treated　mother,　2　intact　mothers　and　a　saline-

injccted　mother.　Litters　were　weighed　every　day　at　the　time　of　rotation　(18.00　h)and　the

matcmal　behaviour　was　checked　visually　twice　a　day･

&aZjMjcα/αηαlysjs

　　Statistical　dinerences　Nvercdctcrmined　by　Stude�s　z-test.
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Results

　　Plasma　LH　concentrations　remained　low　in　aII　lactating　animals　(Figs.　5.1,　5.2　&

5.3).Therexvas　nosignificant　differencein　3　Parameters　of　LH　Pulses,　i.e.　nlean　LH

lcvcl,　LH　Pulse　rrequency　and　LH　pulse　amplitude,　between　lactating　rats　treated　with

CB-154　or　with　both　CB-154　and　ovine　PRL　and　saline-trcated　controls　(IThblc　5.1,

Stude�s　/-tcst).　Litters　rotatcd　among　a　CB-154-trcated　mother,　2　intact　mothers　and

a　saline-trcated　mother　and　those　of　CB-154-treated　mothcrs　with　ovine　PRL　infusion

increased　their　weight　constantly　until　the　day　of　samPling.　The　mother　in　each　grouP　of

trcatment　showed　a　similar　matemal　behaviour.　Frequent　LH　Pulsesxvercobserved　in

all　non-lactating　animals　(Figs.　5.4,　5.5　&5.6).　The　treatment　with　CB-154　did　not

aacct　thc　pulsatile　release　of　LH　in　non-lactating　animals.　No　additional　effect　of　PRL

rcPlaccment　on　Pulsatilc　LH　secretion　was　found　in　both　CB-154　treated　lactating　and

non“lactating　animals　CThble　5.1)･
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Discussion

　　LH　sccrction　was　strongly　suPpressed　in　all　lactating　animals　(Figs.　5.1,　5.2　&5.3)

as　shown　in　the　prcviouschapters.　The　CB-154　treatment,　at　the　dosage　level　used　in　the

Prcsent　cxperimcntjailed　to　restorc　the　mean　LH　level　and　the　frcquency　and　amPlitude

or　LH　Pulscs　(nble　5.1).Thc　treatment　comPletely　inhibits　PRL　release　to　the

undctcctable　lcvcl　as　rcported　inourPreviousstudy(Macda　ezα/･,1990).Since　littcrs

rotated　among　a　CB`154-treated　mothcr,　2　intact　mothers　and　a　saline-treatcd　mother

increased　their　weight　constantly　until　the　sampling　day　and　since　each　mother　showed　a

similar　matemal　bchaviour,all　mothcrs　seemed　to　reccive　thc　suckling　stimulus　at

similar　strength.　Moreover,　CB-154　itself　did　not　suPpress　the　LH　secretion　at　the　dose

employcd,　since　the　frequcncy　of　LH　Pulses　in　non-lactating　animals　treated　with　CB　-

154　werc　conlParablc　to　that　in　saline‘treated　controls　(Ⅲlble　5.1　&Fig.　5.5).Thcse

rcsults　indicate　that　suPPression　of　pulsatile　secretion　of　LH　by　the　suckling　stimulus　at

carly　or　mid-1actation　is　not　mcdiatcd　by　PRL　and　strongly　supPort　the　conccpt　that　the

secrctionsof　LH　and　PRL　during　lactation　is　regulatcd　independently　at　the　hyPothalamic

lcvel.

　　Smith&Lee(1989)has　rePorted　that　thc　high　level　of　PRL　is　resPonsible　to　reduce

thc　number　of　LHRH　receptors　during　lactation.　However,　reduction　of　the　PRL　level

with　the　CB-154　treatment,　which　might　increase　thc　number　of　LHRH　recePtors,　failed

to　rcstore　the　Pulsatilc　LH　release　in　lactating　rats　as　shown　in　thc　Present　exPerimcnt.

Therefore,　the　suPPression　of　Pulsatile　LH　secretion　observed　in　lactating　rats　could

Primarily　be　due　to　the　reduction　of　LHRH　rclease,　but　not　to　the　decrease　in　the　number

or　LHRH　reccPtors　in　thc　pituitary　causcd　by　high　plasma　level　of　PRL.
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11blc　5.1.　Mean　Plasma　LH　conccntrations　and　frequcncy　and　amPlitudc　of　LH　pulses

(means±S.E.M･)in　ovariectomized　lactating　and　non-lactating　rats　treatcd　with　CB　-↓54

or　with　CB-154　and　ovine　PRL　(oPRL)･

Lactating

　Saline

　CB-154

　CB-154

　+oPRL

Non-lactating

　Saline

　CB-154

　CB-154

　+oPRL

n

5

5

5

5

5

4

MeanLH

(ng/ml)

0.05±0.01

0.H±0.04

0.06±0.01

1.32±0.19

1.48±0.40

0.95±0.11

LH　Pulse　frequency

(pulses/3　h)

1.2±0.2

2.2±0.9

0.8±0.2

8.4±0.2

7.8±0.4

7.5±0.6

LH　pulse　amplitude

(ng/ml)

0.13±0.06

0.31±0.06

0.07±0.01

1.63±0.30

1.59±0.35

1.34±0.15

n;　number　of　animals　used.　Values　are　not　significantly　differcnt　from　those　in

corresPonding　saline-treated　controls.
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Fig.　5.1.　Profilcs　()r　plasma　LH　conccntrations　in　ovaricctomizcd　lactating　rats　injccted

daily　with　saline.　AII　rats　werc　ovariectomized　on　day　2　and　blood　samplesMzeretaken

()n　day　7　or　8　at　6'min　intervals　for　3　h.　0pen　circles　and　arrowhcads　rcprcsent　thc

゛alucs　which　゛'crc　lo゛'cr　than　thc　limit　of　assay　(O.39　ng/ml　plasma)and　thc　Pcak　of　LH

Pulscs　idcntiricd　with　thc　PULSAR　computcr　program,　rcspcctivcly･
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Fig.　5.2.　Profilcs　of　plasma　LH　concentrations　in　ovaricctomized　lactating　rats　injcctcd

daily　with　CB-154.　A11　rats　wcrc　ovaricctomized　on　day　2　and　blood　samplcs　wcrc　takcn

()n　day　7　or　8　at　6'min　intcrvals　for　3　h.　0Pcn　circlcs　and　arrowhcads　rcPrcscnt　thc

valucs　which　wcrc　l()wcr　than　thc　limit　()fassay(O.39　ng/ml　plasma)and　thc　pcak　or　LH

pulscs　idcntificd　with　thc　PULSAR　comPuter　Program･　rcsPcctivcly･
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Fig.　5.3.　Promcs　of　plasma　LH　c()nccntrations　in　()varicct()mizcd　lactating　rats　injcctcd

daily　with　CB-154　and　infused　with　ovine　PRL.　AII　rals　wcrc　ovariectomizcd　on　day　2

and　blood　samPles　wcre　taken　on　day　7　or　8　at　6'min　intervals　for　3　h.　0Pen　circles　and

arrowheads　reprcsent　thc　values　which　wcrc　lowcr　than　thc　limit　of　assay　(O.39　ng/ml

plasma)and　thc　peak　of　LH　pulscs　identificd　with　the　PULSAR　computer　program,

rcspcctively･
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Fig.　5.4.　Pr()rilcs　or　plasma　LH　c()nccntrations　in　()varicctomizcd　n()n“lactating　rats

injcclcd　daily　with　saHnc.　Pups　wcrc　rcm()vcd　rronnhcir　m()thcrs　on　day　2.　AII　rats　wcrc

ovaricctomizcd()n　day　2　and　blood　samples　wcrc　takcn　on　day　7　or　8　at　6-min　intcrvals

ror　3　h.　0pcn　circlcs　and　arrowhcads　reprcscnt　thc　valucs　which　wcrc　lowcr　than　thc

limit　of　assay　(O.39　ng/ml　plasma)and　the　Pcak　or　LH　pulscs　idcntificd　with　thc

PULSAR　computcr　program,　rcspcctivcly･

50



3

　
　
0
　
　
　
　
　
9
)
　
　
　
　
　
○

2
E
`
g
)
z
J
Q
E
S
i

3

○
○ 2 　3　0

Hours

1 2 3

Fig.　5.5.　Pronlcs　o　r　plasma　LH　conccntrations　in　ovaricctomized　non-lactating　rats

injcctcd　daily　with　CB-154.　Pups　wcre　removed　from　thcir　mothers　on　day　2.　AII　rats

wcrc　ovaricctomizcd　on　day　2　and　blood　samplcs　wcrc　takcn　on　day　7　or　8　at　6-min

intcrvals　lbr　3　h.　0pcn　circlcs　and　arrowhcads　rcPrcscnt　thc　valucs　which　wcrc　lowcr

than　thc　limit　or　assay　(O.39　ng/mI　Plasma)and　thc　Pcak()r　LH　Pulscs　idcntiried　with　thc

PULSAR　computcr　pr()gram,　rcspcclivcly･
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Fig.　5.6.　Prorilcs　or　Plasma　LH　conccntrations　in　ovaricctomizcd　non'lactating　rats

injcctcd　daily　with　CB-154　and　inrused　with　ovinc　PRL.　Pups　wcre　removcd　rrom　their

mothcrs　on　day　2.　AII　rats　wcrc　ovaricctomized　on　day　2　and　blood　samplcswcrctaken

on　day　7　()r　8　at　6'min　intcrvals　for　3　h.　0Pen　circlcs　and　arrowhcads　rcPrcscnt　thc

valucs　which　werc　lo゛cr　than　the　limit　of　assay　(O.39　ng/ml　plasma)and　thc　Pcak　of　LH

pulscs　idcntificd　with　thc　PULSAR　comPutcr　program,　rcsPcctivcly･
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CHAPTER6

Neural　pathway　conveying　the　inhibitory　signal　of　the

　　suckling　stimulus　for　pulsatile　LH　secretion-I

‘Effects　of　hypothalamic　deaTtTerentation　on　pulsatile　secretion　of　LH

　　　　　　　　　　in　ovariectomized　lactating　rats-
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lntroduction

　Thc　results　shown　in　thc　Previous　chaPters　suggest　that　the　suckling　stimulus　is

directly　involved　in　suPPressing　Pulsatilc　LH　secrctionand　that　thc　supPrcssing　cffcct　is

conveyed　to　a　system　or　systcms　rcsponsiblc　for　the　rclcasc　of　LHRH　by　a　ncural

Pathway　rather　than　by　humoral　factors,　such　as　PRL　and　ovarian　stcroids.

　lt　has　been　rePorted　that　thc　hyPothalamic　LHRH　content　in　lactating　rats　is

comParable　to　that　of　cyclic　rats　at　dioestrus　(Guller　ez　α/･,1982;　Jakubowska-

Naziemblo　ez　α£,1985)and　daily　LH　surges　occur　in　ovariectomized　lactating　rats

implantcd　with　oestradio1　(ChaPter　4).Thesc　rcsults　suggest　that　the　suckling　stimulus

suppresses　LH　release　Principally　by　inhibiting　pulsatile　LHRH　release　rather　than

LHRH　Production.

　The　Putative　Pulsc　generator　rcgulating　Pulsatile　LHTRH　release　has　been　thought　to　be

located　in　the　mediobasal　hypothalamus　(MBH),since　Pulsatile　LH　secretion　has　been

observed　in　either　cyclic　or　ovariectomized　rats　with　comPlete　deafferentation　of　the

MBH(Blake&Sawyer,　1974;　SOPer　&XVeick,　1　980),and　since　LHRH　has　been

reported　to　bc　rclcased　in　a　pulsatilenlannerfrom　the　MBH　&Wzrθ(Bourguignon　ez

�･､1987)･

　Tindal(1978)has　identincd　the　central　pathways　which　convey　the　suckling　stimulus

for　oxytocin　and　PRL　rclease　in　the　rabbit.　Littlc　is　known,　however,　about　the　final

ncura1　Pathway　in　the　hypothalamus　for　suPPressing　LH　pulses　in　lactating　rats.

Therefore,　various　hypothalamic　deam3rentations　have　been　made　in　the　Present　chapter

in　ovariectomized　lactating　rats　to　determine　the　neural　pathway　which　conveys　the

inhibitory　signal　of　thc　suckling　stimulus　for　pulsatile　LH　secretion.
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Materials　and　Nlethods

7}‘eαZmeMαz�1?/θθd∫αmμ/jj7g

　The　hyPothalamus　was　deafferentated　in　the　moming　on　day　6　or　7　of　lactation.　A11

mothers　were　injected　with　oxytocin　(Atonin'O√Tbikoku　Zoki　Co./R)kyo,　JaPan;　1

!U/ml　saline/ratj･P･)at　14.00　and　19.00　h　on　the　day　of　operation　and　at　10.00　h　on　the

foHowing　day　to　ensure　the　maintenance　of　lactation.　Each　litter　was　weighed

immcdiately　beR)re　and　one　h　aner　the　injection　of　oxytocin.　The　sum　of　thc　differenccs

in　the　weight　of　the　litter　following　the　injections　in　each　mother　was　dcsignated　as　the

total　weight　gain.　ITwenty　four　h　aner　the　hyPothalamic　deafferentation　blood　samples

(120　F11)were　collected　every　6　min　for　3　h.

μy/JθZ&α/α/?zjc　dEαμεΓμz&zZjθzz

　　The　complete　hyPothalamic　deanerentation　was　Performcd　by　a　slightly　modined

method　of　Halasz　and　PuPP　(1965).ITwo　tyPes　of　knives　were　emPloyed　(Fig.　6.1)･

Knife　A　had　a　bayonet　shape　with　1.0　mm　radius　and　1.8　mm　vertical　extent　and　was

used　for　complete　(CD),anterior(AD),anterolateral(ALD)and　Posterior　deaffcrentation

(PD).The　L-shaPed　knife　B　with　1.0　mm　radiusxvasused　forroof　deafferentation　(RD).

Animals　were　Placed　in　a　stcreotaxic　instrumcnt　(Narishigc√lbkyo,　JaPan)with　the　lcvcl

of　the　bregma　1　.6　mm　below　the　lambda　under　cther　anaesthesia.　The　tip　of　knife　A　was

positioned　1.5　mm　posterior　to　the　bregma　and　lowered　to　the　base　of　the　skull.

0Pcration　Procedurcs　tor　AD,　ALD　and　PD　were　identical　to　CD,　but　the　latcral'

Postcrior,posterior　and　anterolateral　portions　Nvere　not　cut　in　AD,　ALD　and　PD,

resPectivcly.　ln　rats　with　RD,　knife　B　was　lowcred　into　thc　brain　at　1.5　mm　Posterior　to

and　8.0　mm　below　the　bregma　and　was　moved　in　the　same　way　as　in　CD.　ln　rats　with

55



sham'deafferentation(SD),only　the　outer　guidecannula　of　the　knife　was　inserted　into

thc　brain　and　wasmoved　in　the　same　way　as　in　CD.　At　the　end　of　the　experiment,　the

brain　was　perfused　with　saline　lollowed　by　10　%formalin.　Cryostat　sections　(301.tm)of

the　brain　were　stained　with　cresyl　violet　for　histological　examinations.

z)αzααzzα4ysa

　Statistical　diflerences　Nvcredetermined　by　Mann-XVhitney&-test.
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Results

　　The　suckling　behaviourof　the　litter　and　the　nursing　behaviourof　ovaricctomized

lactating　rats　with　the　various　hyPothalamic　deam5rentationxvassimilar　to　that　of　rats

with　SD.Therexvas　nosignincant　difference　in　the　total　wcight　gain　of　the　litter　obtaincd

ancr　the　oxytocin　injections　in　the　various　grouPs　(Mann-Whitney　U-test;　nble　6.1)･

　　Fig.　6.2　shoxvs　a　schematic　illustration　of　thc　site　of　each　of　thc　hyPothalamic

deaflercntations.PhotomicrograPhs　of　the　frontal　sections　of　the　brain　in　rcPresentativc

rats　with　CD　or　RDareshown　in　Fig.　6.3.　The　hypothalamic　island　in　rats　with　CD

induded　thc　arcuate　nucleusμhe　caudal　part　of　thc　suprachiasmatic　nucleus　and　the

mcdial　anterior　hypothalamicarea.Thc　medial　part　of　the　ventral　and　ventraI　Part　of　the

dorsal　hyPothalamic　nucleusNverealso　included.　The　caudal　limit　of　the　island　was　the

rostral　end　of　the　mammillary　body.　The　site　of　thc　cut　was　similar　in　rats　with　AD,　ALD

and　PD　to　that　in　rats　with　CD　cxcePt　that　thecaudal-1ateral-dorsal,caudal　and　rostra1-

1atera1-dorsal　portions　were　spared　in　rats　with　AD,　ALD　and　PD,　resPectively.　!n　rats

with　RD,　thc　cut　was　almost　parallel　to　the　base　of　the　brain　from　the　end　of　the　medial

PreoPtic　area　to　the　rostral　end　of　the　mammillary　body,　at　thc　level　jjust　above　the　ventral

margin　of　the　Paraventricular　nucleus　(PVN)･

　　LH　secrction　was　markedly　supPresscd　in　rats　with　SD,　although　a　few　LH　Pulscs

wcrcobserved(Fig.　6.4).lncontrast,　LH　Pulses　with　high　frequency　and　amPlitude

wercobserved　in　most　of　rats　with　CD　(Fig.　6.5).The　mean　LH　level　for　3　h,　and　thc

frequcncy　and　the　amPlitude　of　LH　Pulsesxvcrcsignincantly　higher　in　rats　with　CD　than

in　those　with　SD　(P<0.05,Mann-Whitney&-test;　nble　6.2).The　Plasma　LH　levels

wcrc　very　low　and　did　not　include　any　Pulscs　in　three　out　of　four　rats　with　AD,　but　LH

Pulses　with　high　frcquency　and　amPlitudeNvereobscrved　in　the　remaining　animal　(Fig･
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6.6&ITllble　6.2).Pulsatilc　LH　sccretion　was　observed　in　four　out　of　nve　rats　with　ALD;

in　the　remaining　animal　the　mean　LH　level　was　high　but　no　Pulses　were　detccted　by　the

PULSAR　computer　Program　(Fig.　6.7).Thc　mean　LH　levcl　and　the　amplitude　of　the

PulsesNveresignificantly　higher　in　rats　with　ALD　than　in　those　with　SD　(P<O.05,　Mann-

Whitney&'test;　nble　6.2).Pulsatile　LH　secretionNvasabsent　in　a11　rats　with　PD　(Fig･

6.8)and　the　mean　LH　level　in　thosc　rats　was　lower　than　that　in　rats　with　SD　(P<O.01,

Mann-XVhitney&-test;　!T11ble　6.2).A11　rats　with　RD　showed　Pulsatile　LH　secretion　(Fig･

6.9).The　mean　LH　level　and　thc　frequency　and　amplitude　of　the　pulses　in　animals　with

RD　were　very　close　to　thosc　in　rats　with　CD,　but　signincantly　highcr　than　those　in　rats

with　SD　(P<O.05,Mann-Whitney　U-test;　IThble　6.2)･

　　Among　the　various　grouPs　thc　only　significant　diffcrcnce　in　mean　plasma　PRL

conccntrations　during　the　3-h　samPling　Pcriod　consisted　of　a　rcduction　in　thc　PRL　level

in　rats　with　RD　in　comParison　to　those　with　SD　(P<O.01,　Mann-Whitney&-tcst;　lable

6.2).
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Discussion

　　The　results　in　the　Present　chapter　demonstrate　that　the　signal　for　the　inhibition　of

Pulsatile　LH　release　by　suckling　isconveyed　to　the　hyPothalamus　by　afferent　ncural

ribres　projecting　through　the　dorsaI　Part　of　the　hyPothalamus.　Pulsatile　LH　secretion　was

aPparent　only　in　lactating　rats　in　which　the　dorsal　part　of　the　hypothalamus　had　been

sevcred(CD,　ALD　and　RD;　Figs.　6.5,　6.7　&6.9);it　did　not　occur　in　rats　in　which　this

dorsal　region　was　len　intact　(SD,　AD　and　PD;　Figs.　6.4,　6.6　&6.8).ln　other　words,

ribres　entering　the　hyPothalamus　dorsally　may　convey　a　signal　which　originates　from　the

teats　during　lactationand　ultimately　supPresses　LHRH　release　and　thus　the　LH　Pulses.

The　din5erence　in　the　pattem　of　LH　secretion　between　the　groups　examined　could　not　be

attributed　to　the　difference　in　the　intensity　of　the　suckling　stimulus,　since　thesuckling

behaviour　of　the　litters　in　all　deaffercntated　groups　was　similar　to　that　following　SD　and

since　the　weight　gain　of　the　litters　induccd　by　oxytocin　injections　to　the　mother　was　not

different　between　the　grouPs　(nble　6.1).The　Present　nnding　that　the　secretory　Pattcm

oF　LH　was　Pulsatile　aner　CD　suggests　that　the　pulse　generator　for　pulsatile　LH　release　is

located　within　the　hyPothalamic　islandj.e.　the　MBH.　These　nndings　agrec　wcll　with

those　of　Soper　and　Weick　(1980).However,　there　are　sonle　arguments　against　thc

cxistence　of　the　Pulse　generator　in　the　MBH　since　the　subchiasmatic　LHRHneurona1

Pathway(Coen,　1987)would　remain　intact　in　rats　with　CD　and　may　Play　a　role　in

maintaining　the　Pulsatile　LH　secretion.

　　Thereasonfor　the　pulsatile　LH　secretion　observed　inoneof　thc　four　rats　with　AD

(Fig.　6.6)is　not　clear　since　no　aPPreciable　difference　was　found　uPon　histological

analysis　of　the　deafferentation.　Ncverthelessjt　is　unlikely　that　the　afferent　neural　nbres

Pr()jecting　to　the　MBH　from　the　antcrior　hyPothalamus　(ornlorcrostra1)conduct　the
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suckling'induced　inhibitory　signal　for　thc　Pulsatile　LH　sccretion,　since　thc　LH　Pulscs

appcared　in　all　rats　with　only　RD　in　the　present　study･

　　Lcvels　of　PRL　were　nlarkcdly　rcduced　by　RD,　while　the　lcvcls　in　rats　with　CD,　AD

and　ALD　were　maintained　at　levels　similar　to　those　in　rats　with　SD　(IT11ble　6.2).

Therclorcjt　is　likely　that　dorsal　inPuts　to　the　NIBH　inhibit　the　LH　secrctionand　enhance

thc　PRL　sccrction　in　lactating　rats.　Although　this　input　enhancing　PRL　sccretion　was

sevcred　in　rats　with　ALD　or　CD,　Plasma　levcls　of　PRL　in　thcse　rats　werc　higher　than

those　with　RD　(･1ble　6.2).Thcse　nndings　imPly　the　Possibility　of　the　Prcsencc　of　two

kinds　of　neural　inPut　to　the　N/IBH;　dorsal　inPuts　which　cnhance　PRL　sccretion,　and

anterior　inPuts　which　suPPress　PRL　secretion.　Results　obtained　by　Weiner　el�･(1972)

in　rats　with　AD　seem　to　suggcst　the　Presence　of　nbres　from　the　anterior　hyPothalamus　to

thc　MBH　which　inhibit　PRL　releasc.　Since　the　connection　between　tuberoinfundibular

dopaminergic(TIDA)neuronsand　thc　anterior　Pituitary　must　be　intact　in　the　Present

cxPeriment,　enhancing　and　suPPressing　inPuts　could　regulatc　PRL　rcleasc　by　controlling

dopamine　release　into　the　portal　vessel　from　the　TIDAneurons.

　　Thc　nnding　that　CD　did　not　affect　the　PRL　secrction　but　reinstatcd　pulsatile　LH

sccrction(�lble　6.2)suggcsts　that　the　suckling　stimulus　can　suPPress　thc　LHRH　releasc

in　ovariectomized　lactating　rats　irresPective　of　plasma　PRL　levels.　The　mechanisms　that

arc　rcsponsible　for　the　suPpression　of　LH　secretionand　maintenance　of　a　high　level　of

PRL　secretion　may　be　quite　differcnt　from　each　other　at　thc　lcvel　of　the　hyPothalamus

and　the　mediation　by　PRL　may　not　bc　required　for　inhibition　of　LH　secrction.　This

conclusion　is　consistcnt　with　that　of　ChaPter　5　and　thc　work　of　Smith　(1978a)and

Macda　el　d　(1990)which　indicate　that　treatment　with　bromocriPtine　to　reduce　PRL

sccretion　in　mid-1actation　of　intact　and　ovariectomized　lactating　rats　did　not　cause　an

incrcasc　in　LH　lcvcls.
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　　ln　conclusion,　afferent　neural　fibres　conducting　imPulses　triggered　by　thcsuckling

stimulus　Pr9ject　to　the　MBH　through　the　dorsaI　Part　of　the　hypothalamus　and　thus　inhibit

pulsatile　LH　secretion,　and　PRL　does　not　mediatc　the　supPressivc　cffect　of　thesuckling

stimulus　on　LH　secretion　at　mid-lactation.
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lable　6.1.�)tal　weight　gain　(g)of　the　litters　aner　oxytocin　injection　to　the　mother.
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Mothers　were　injected　with　oxytocin　(1　IU/ml　saline/ratj.P.)at　14.00　and　19.00　h　on

thc　day　of　deafferentation　and　1　0.00　h　on　the　following　day.　The　littcr　was　weighed

togcther　immediately　before　and　one　h　aner　the　injection,　and　the　sum　of　the　diffcrences

in　the　wcight　of　the　litter　for　each　mothcr　was　recordcd　as　the　total　weight　gain.　SD-

sham-,CD-comPlete,AD-anterior,ALD-anterolateral,PD-posterior,RD-roof

dcancrentation.9he　minimum　and　maximum　values　in　eachgroup.　bNumber　of　animals

used.Therexvere　nosignincant　differences　anlong　the　grouPs　(NlannAVhitney&-test)･
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Tablc　6.2.　N4ean　Plasma　LH　and　PRL　concentrations　and　frequency　and　amplitude　of　LH

pulses(Means±S.E.M･)in　ovariectomized　lactating　rats　bearing　various　hypothalamic

dcaf!ercntations.

SD

na

5

CD　　　7

AD　　4

ALD　5

PD　　　　7

RD　　　5

Mean　LH　　LH　Pulsc　frequency　　LH　Pulse　amPlitudeb

(ng/ml)　　　(Pulses/3　h)　　　　　　(ng/m1)

0.07±0.00

0.73±0.17

0.24±0.19

**

0.78±0.27**

0.04±0.00

0.66±0.13

**

**

1.40±0.40

5.71±0.81*

2.25±2.25

4.00±1.38

O*

8.00±0.63

0.14±0.02

0.52±0.08

0.50

0.48±0.07

0.44±0.07

**

*
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Mcan　PRL

　(ng/ml)

63.8±17.5

74.4±11.4

62.2±3↓.7

67.7±29.7

64.4±18.2

20.1±1.0
**

SD'sham-,CD'comPlcte,AD-anterior,ALD-anterolatera1,PD-posterior,RD-roof

dcatTerentation.　*P<O.05,**P<O.01　comPared　with　SD　(Mann-NVhitncy　&-test)･

jNumbcr　of　animals　used.　bPulse　amPlitudeswcre　calculated　in　animals　showing　LH

pulscs.　cNumber　of　animals　showing　LH　Pulses.
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c()mplctc,　AD-antcri()r,　ALD-antcr()latcral,　PD-P()stcri()r,　RD-r()ordcatTcrcntati()n;AHA-

antcri()r　hyP()thahlmic　arca;　ARC`arcuatc　nuclcus;　DMH-dors()mcdial　hyp()thalamic

nuclcus;　MM-mammiHary　body;　MPOA‘mcdial　Prcoptic　arca;　OC-()ptic　chiasm;　P-

mucrior　pituitary;　SCN`suprachiasmatic　nuclcus;　VMH-vcntr()mcdial　hypothalamic

nuclcus.
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Fig.6.3a.Photomicmgraphs　ol`rrontal　scctions　()r　thc　brain　or　a　rcprcscn㈲ivcrat　with

c()|･plctcdcan`crcnlali()n(CD).Arrowhcads　indicatc　thc　cut　linc.
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with　sham-dcam;rcnlation(SD).0varicct()my　and　hyP()thalamic　dcalkrcntati()ns　wcrc

pcl`1i)rmcd()n　day　2　and　day　6　or　7,　rcspcctivcly.　Blood　samPlcswcrccoHcctcd　cvcry　6

min　li)r　3　h　bcginning　24　h　a　rlcrthc　brain　surgcry.　0pcn　circlcs　and　arr()whcads

rq)rcscnt　thc　ⅥIlucs　which　wcrc　l()wcrthan　thc　limit　or　assay　(O.039　ng/mI　Plasma)and

thc　pcak　o1`LH　Pulscs　idcntiricd　゛ith　thc　PULSAR　comPutcr　Pr()gram,　rcspccti゛cly･
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Fig.　6.5.　Prorilcs　or　Plasma　LH　conccntrati()ns　in　individual　ovaricctomizcd　lactating　rats

with　c()mplctc　dcalkrcntation　(CD).0varicctomy　and　hypothalamic　dcam3rcntations

wcrcpcrli)rmcd　on　day　2　and　day　6　or　7,　rcspcctivcly.　Blood　samplcs　wcrcc()Ilcctcd

cvcry　6　min　F()r　3　h　bcginning　24　h　a　rtcr　thc　brain　surgcry.　0Pcn　circlcs　andarr()whcads

rcprcscnt　thc　valucs　which　wcrc　l()wcr　than　thc　limit　or　assay　(O.()39　ng/ml　plasma)and

thc　Pcak()r　LH　pulscs　idcntiricd　with　thc　PULSAR　c()mPutcr　Pr()gram,｢csPccti゛cly･
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Fig.　6.6.　Prorilcs　or　Plasma　LH　c()nccntrations　in　individual　ovaricctomizcd　lactating　rats

with　antcrior　dcalkrcntation　(AD).0varicctomy　and　hyPothalamic　dealTcrcntations　wcrc

pcl°1゛()rmcd　on　day　2　and　day　6　or　7,　rcsPcctivcly.　Blood　samplcswcrccoHcclcd　cvcry　6

min　a)｢3　h　bcginning　24　h　artcr　thc　brain　surgcry.　0Pcn　circlcs　and　arrowhcads

rcprcscnt　thc　valucs　which　wcrc　k)wcr　than　thc　limit　or　assay　(O.039　ng/ml　plasma)and

thc　Pcak()r　LH　Pulscs　idcntiricd　with　thc　PULSAR　conlputcr　pr()gram,　rcspcctivcly･
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Fig.　6.7.　Pr()1`ilcs　or　Plasma　LH　c()nccn1rations　in　individual　ovaricctomizcd　lac㈲ing　rats

`゛ith　antcr()latcral　dcalTcrcntati()n(ALD).0varicc1()my　and　hypolhalamic　dcalTcrchtati()ns

wcrcPcrli)rmcd　on　day　2　and　day　6　()r　7,　rcsPcctivcly.　Bk)()d　samplcs　wcrc　c()Ilcctcd

c`/cry　6　min　r()r　3　h　bcginning　24　h　artcr　thc　brain　surgcry.　Arrowhcads　rcprcscnHhc

pclk　or　LH　Pulscs　idcntiricd　with　thc　PULSAR　c()mPutcr　pr()gram.
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Fig.　6.8.　Pro1゛ilcs　or　plasma　LH　conccntrati()ns　in　individualovaricctomizcd　lactating　rats

with　P()stcri()｢dcalkrcntalion(PD).0varicctomy　and　hyPothalamic　dcamjrentations

wcrcpcrtbrmcd　on　day　2　and　day　6　or　7,rcspcctivcly.　Bk)()d　samplcs　wcrccollcctcd

cvcry　6　min　li)r　3　h　bcginning　24　h　artcr　thc　brain　surgcry.　0Pcn　circlcs　andarrowhcads

l゛cPrcscnt　lhc　`/alucs　which　wcrc　lowcr　than　thc　limit　or　assay　(O.039　ng/ml　plasma)and

thc　l)cak　ol`LH　Pulscs　idcntiricd　with　thc　PULSAR　computcr　program,　rcspccti゛cly･
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Fig.　6.9.　Prol`ilcs()rplasma　LH　c()nccntrations　in　individual　()varicctomizcd　lactating　rats

with　r()ol`dca1Tcrcntali()n(RD).0varicclomy　and　hyP()1halanlic　dcatkrcnlations　wcrc

PcrR)rmcd()n　day　2　and　day　6　()r　7,　rcsPcctivcly.　BI()od　samPlcsNvcrccol　lcctcd　cvcry　6

min　li)r　3　h,　24　h　artcr　thc　brain　surgcry.　Arrowhcads　rcPrcscnt　lhc　pcak　()r　LH　Pulscs

idcntiFicd　wilh　thc　PULSAR　c()mputcr　pr()gram.
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CHAPTER7

Neural　pathway　conveying　the　inhibitory　signal　of　the

　　suckling　stimulus　for　pulsatile　LH　secretion-II

-Effects　of　various　hypothalamic　roof　deafferentations　or　electrolytic

lesions　of　the　paraventricular　nucleus　on　pulsatile　secretion　of　LH　in

　　　　　　　　　　　ovariectomized　lactating　rats-
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lntroduction

　l　havc　demonstrated　in　Chapter　6　　that　comPlete,anterior-latcral　and　roof

dcam3rentation　of　the　MBH　restored　LH　pulses　in　ovariectomized　rats　in　mid-lactation,

and　concluded　that　the　neural　signal　resPonsiblc　for　the　suPpression　of　Pulsatile　LH

secretion　by　suckling　was　conveyed　through　the　dorsal　Part　of　the　hypothalamus.　ln　thc

cxpcrimcnts　prcsented　in　this　chaPtcr,　various　roof　deaflcrentations　xvcrcPerR)rmcd　to

dcterminc　the　morc　Prccise　region　of　the　dorsal　hyPothalamus　through　which　the

inhibitory　ncural　inPut　passes　to　suPPress　the　LH　Pulses.　ln　addition,　electrolytic　lesions

of　thc　Paravcntricular　nucleus　(PVN)were　performedto　investigate　the　significance　of

this　nucleus　in　the　suPPression　of　LH　secretion　during　lactation.
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IVlaterials　and　Nlethods
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　　The　hyPothalamic　deaf･rentationand　electrolytic　lesion　of　the　PVN　were　Perlormed

on　day　7　of　lactation.　Thc　litter　weight　gainNvascalculatcd　with　the　samc　methods　as

uscd　in　ChaPter　6.　Blood　samPlcs　(120μI)Nverccollectcd　evcry　6　min　for　3　h　bcginning

24　h　ancr　thc　brain　surgery･

μypθZ/zα/α/7zjc　dEαZμΓEMαZjθη

　F()ur　types　of　roof　dcanerentation(RD)were　Performed　according　to　thc　modined

mcthod　or　Halasz　and　PuPp　(1965):　1)　1arge　anterior　(LARD),2)large　postcrior

(LPRD),3)small　anterior(SARD),and　4)middle(MRD).The　same　L-shaPed　knile

with　1.0　mm　radius　as　described　in　ChaPter　6(Fig.　6.1)was　used　for　a11

dcafferentations.　Animals　wcre　fixed　in　a　stereotaxic　instrument　(Narishige,　ITbkyo,

Japan)with　the　level　of　brcgma　sct　1.6　mm　below　that　of　lambda.　!n　rats　with　LARD　or

LPRDμhe　knife　was　lowered　into　the　brain　with　the　horizontal　blade　directcd　rostrally

and　the　axis　l.5　or　3.5　mm　Posterior　to　the　bregma;　following　the　initia1　90o　rotation　it

was　moved　3.5　or　5.0　mm　posterior　to　the　bregma,　respectively,　and　then　tumed

through　a　rurthcr　180o　beforc　bcing　moved　to　its　originaI　Position　to　comPlete　the　cut.

ln　rats　with　SARD　or　MRD,　the　knife　was　rotatcd　360o　in　the　brain　with　thc　axis　1.5　or

3.5　mm　postcrior　to　thc　brcgma,　resPectively.　The　knife　was　Placed　at　8.0　mm　dePth

rrom　the　bregma　in　LARD,　LPRD　or　SARD　grouPs,　and　8.0　or　8.5　mm　dePth　in　MRD

group･

£/edro/LyZjc　/ajos　¥Z&μαΓαya�a/αΓ　zlE/as　μ)FV)
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　Thc　tip　of　thc　clcctrode　was　Placed　in　the　brain　at　2.　1　mm　Posterior,　0.5　mm　lateral

and　8.　1　mm　vcntral　to　the　bregma.　Bilateral　lesions　of　the　PVN　were　made　by　passing　a

cathodal　direct　current　of　l　mA　for　40　seconds　through　a　monoPOlar　stainless-steel

clcctrodc(O.25　mm　in　diameter)insulated　with　epoxylite　but　Possessing　an　cxposed　tiP･

j)αzααηα4ysj∫

　Statistical　diffcrences　Nveredetermincd　by　Mann-Whitney&-test
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Results

　A　schematic　illustration　of　the　sitc　of　each　hyPothalamic　roof　deafferentation　is　shown

in　Fig.　7.　1　.　The　suckling　behaviour　in　the　litters　of　ovariectomized　lactating　rats　with　the

various　hyPothalamic　deafferentations　was　similar　to　that　of　thc　rats　with　SD　dcscribed　in

thc　ChaPter　6.　ThercNvas　nosignincant　differencein　thc　total　weight　gain　of　the　litters

after　the　oxytocin　injections　in　the　various　grouPs.

　Rats　with　LARD　or　LPRD　demonstrated　LH　Pulscs　with　high　frcquency　and

amPlitudc(Figs.　7.2　&7.3),and　the　LH　lcvel　in　rats　with　SD　was　maintained　at　a　very

low　level　(Fig.　6.4).The　mcan　LH　level　during　the　Period　of　samPling　and　thc　mean

Pulsc　frcquency　and　amPlitudeNvercsignificantly　higher　in　rats　with　LARD　or　LPRD

than　thoseobserved　aner　SD　(P<0.05,N4ann-XVhitney&-tcst/nlble　7.1).　LH　Pulses

with　high　frequency　and　amplitude　wcre　found　in　l　out　of　5　rats　with　SARD,　but　the　LH

sccretion　in　thc　remaining　animals　was　Profoundly　suPPressed　and　similar　to　that

obscr゛ed　in　the　rat　with　SD　(Fig.　7.4)･

　Thc　dorsoventral　levcl　of　the　large　cuts　(LARD,　LPRD)Nvas　consistently　in　close

association　with　the　ventral　margin　of　the　PVN.　lncontrast,the　animals　with　MRD　could

bc　classified　into　2　grouPs　according　to　the　dePth　of　the　knife　cut;　thus,　MRD-1

designates　thosc　with　the　cut　on　or　below　the　ventral　margin　of　the　PVN　while　MRD'2

rcPresents　those　in　which　the　lesion　Passed　through　the　PVN　(Fig.　7.5).　LH　secretion

with　small　amplitude　Pulscs　was　obscrvcd　in　MRD'1　rats　(�lble　7.1　&Fig.　7.6),but

only　the　mcan　LH　lcvel　was　significantly　higher　than　that　following　SD　(P<O.05,

Mann-Whitney　U‘test);in　contrast,　MRD‘2　rats　failed　to　show　any　signincant

dimjrencc　in　thc　Parameters　of　pulsatile　LH　release　comPared　with　thosc　following　SD

(Mann-Whitney　U-tcst,　nble　7.1　&Fig.　7.7)･
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　Four　out　or　9　rats　with　electrolytic　lesions　in　thc　region　of　the　PVN　showed　LH

sccrction　with　small　amPlitude　pulses;　thcse　animals　were　classified　as　PVN-↑(･lble　7.1

&Fig.　7.8).Thc　remaining　5　rats　showed　a　complete　suPPression　of　the　Pulsatile　LH

rclcasc　and　were　designated　as　PVN-2(Table　7.1&Fig.　7.9).Histological　assessment

rcvcaled　varying　degrees　of　damagc　to　the　periventricular　nuclcus　of　thc　hypothalamus

in　a11　rats　in　thc　PVN-〕l　grouP,　but　thisarea　Nvasspared　in　the　PVN-2　rats　(Figs.　7.10　&

7j1)･

79



Discussion

　Thc　findings　in　ChaPter　6　demonstrated　that　the　neural　signal　for　the　inhibition　of

pulsatile　LH　release　by　suckling　is　conveyed　to　the　MBH　via　the　dorsal　hypothalamus,

sincc　the　roor　dcaffcrentation　rcstorcd　the　frequent　LH　Pulses(Fig.　6.9).Furthermorc,

pulsatile　LH　release　with　high　frequency　and　amPlitude　was　also　aPParent　in　the　rats

with　LARD　or　LPRD　in　which　thc　extent　of　the　deanTerentationNvasapProximately　half

or　that　Produced　by　RD　in　ChaPter　6　(Fig.　7.1).lt　is　imPortant　to　note　that　the　mothers　in

cach　cxpcrimental　grouP　throughout　this　study　rcceivcd　a　vigorous　suckling　stimulus,

since　thc　suckling　behaviour　and　total　weight　gain　of　the　litters　nursed　by　deafferentated

animals　werc　indistinguishable　from　thosc　by　SD　animals.

　Thcsc　initial　findings　suggcst　that　thesuckling　stimulus　may　be　transmitted　ventrally

through　thc　region　common　to　the　LARD　and　LPRD.　�)test　this　Possibility,　the　smaII

cut　idcntified　as　MRD　(Fig.　7.1)in　the　region　overlaPPed　by　the　LARD　and　LPRD　was

made.　The　animals　with　MRD　were　classined　into　2　grouPs　according　to　the　level　of　thc

dcam5rentations;　when　the　cut　was　on　or　under　the　゛cntral　margin　of　the　PVN　(MRD'1,

Fig.　7.5)Pulsatile　LH　release　was　observed　(Fig.　7.6),but　when　it　Passed　through　the

PVN(MRD-2,Fig.　7.5)thenorrnal　suppression　of　the　Pulses　Pcrsisted　(Fig.　7.7)･

These　observations　suggest　that　the　PVN　is　a　critical　site　through　which　the　suckling

stimulus　Pr9jects　to　the　MBH.　Nevertheless,　when　the　PVN　was　lesioned

clcctrolytically,　Pulsatile　LH　release　remained　suPPressed　in　the　rats　(Fig.　7.9)in　which

thc　Pcriventricular　nucleus　ventral　to　the　PVN　was　len　intact　(PVN‘2,　Fig.　7.10).　ln

contrast,　LH　pulscsxvere　apParent　in　the　animals　(Fig.　7.8)with　damage　to　thc

Pcrivcntricular　nucleus　(PVN'　t,　Fig.　7.　10).　These　results　indicate　that　part　of　thc

inhibitory　signal　ror　pulsatile　LH　sccrction　may　be　conveycd　through　the　Periventricular
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rcgion　rather　than　the　PVN｡

　lt　should　bc　noted　that　the　cuts　or　lesions　designatcd　as　MRD-1　or　PVN-1　did　not

rcstorc　Pulsatilc　LH　release　with　the　high　amPlitude　and　frequency　that　were　observed

mowing　LARD　and　LPRD　in　this　chaPter　Cnlble　7.1)and　RD　in　ChaPter　6　(nble　6.2)･

This　suggcsts　that　a　relatively　large　region　within　thc　dorsal　hypothalamus　must　be

damaged　to　block　the　suckling'induccd　suppression　of　LHRH　release　completely;　the

Pathways　associatcd　with　this　inhibition　may　bc　rathcr　diffuscly　distributed.　The

pcrivcntricular　region　of　the　hyPothalamus　ventral　to　thc　PVN　may　also　be　signincant　in

this　inhibitory　systcm,　since　Partial　restoration　of　Pulsatility　was　observed　(Ⅲlble　7.1)in

animals　with　cuts　immediately　above　or　lesion　within　this　region　(MRD-l　and　PVN-1;

Fφ.7.5&7.10)･

　lt　has　been　Previously　rePorted　that　a　sma11　roof　deaflerentation　Posterior　to　the

antcrior　commissure　advances　thc　timing　of　the　Preovulatory　LH　surge　(Schuiling&Van

Recs√1974)and　that　the　electrical　stimulation　of　the　hiPPocamPus　inhibits　the　increase

in　LH　secretion　induccd　by　the　clectrical　stimulation　of　the　Preopticarea(Kawakami　el

�･ヽ1973).These　nndings　suggest　that　Pathways　which　have　the　caPacity　to　inhibit　LH

rclcase　cntcr　the　hyPothalamus　dorsaHy.　XVhether　the　Pathways　involved　in　the

suPpression　oF　LH　secretion　during　lactation　corresPond　to　Previously　described

Pr(jections　into　the　perivcntricular　region　of　the　hyPothalamus　remains　to　be　cstablished.

　ln　conclusion,　the　rcsults　in　this　chaPter　indicatc　that　the　inhibitory　neuraI　Pathway

involvcd　in　thc　inhibition　of　thc　LH　Pulses　during　lactation　cntcrs　the　hyPothalamus

dorsally　and　may　be　quite　diffusc　ventral　to　the　PVN.　A　critical　comPonent　of　this

pathway　may　pass　through　the　Periventricular　rcgion　towards　the　MBH.
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nblc　7.1.　Mean　Plasma　LH　concentrations　and　frequency　and　amplitude　of　LH　pulses

(Means　±　S.E.M･)in　ovariectomized　lactating　rats　with　various　hypothalamic　roof

deatTcrentations　or　clectrolytic　lcsionsofthe　PVN｡

SD

�　Mean　LH

　　　(ng/ml)

5

LARD　6

LPRD　　8

SARD　　5

MRD-1　8

MRD-2　5

PVN-1　　4

PVN-2　　5

0.07±0.00

0.71±0.10

LH　Pulse　frequency

(Pulses/3　h)

1.4±0.40

5.0±0.89**

6.6±0.60

2.4±1.29

2.9±0.88

!.4±0.51

5.3±1.03

0.4±0.40

**

*

LH　Pulse　amPlitudeb

(ng/ml)

0.14±0.02

0.89±0.14

0.57±0.08

0.49±0.37

0.20±0.02

0.23±0.06

0

0

27±0.04

49

**

**

(4)c

j
　
　
j
　
　
j
/
　
　
j
/

'
'
o
　
　
　
8
　
　
　
`
j
　
　
　
7

C
　
　
C
　
　
C
　
　
C
j
　
､
J

4
　
　
　
4

C
　
　
　
C

(1)

**

0.6!±0.09**

0.36±0.24*

0.19±0.04*

0.07±0.00

0.12±0.05*

0.06±0.01

SD-sham-,　LRD-largc,　LARD-large　anterior,　LPRD-large　Posterior,　MRD-middleroof

dcanTcrentation,　PVN-elcctrolytic　lcsion　of　thc　Paraventricular　nucleus.　Rats　with　MRD

or　PVN　lesions　were　classified　into　2　groups　(see　text　for　details).*P<O.05,**P<O.01,

cornpared　with　SD　(Mann-Whitncy　U-test)“Number　or　animalsuscd.　bPulsc　amplitudc

was　calculatcd　in　animals　showing　LH　Pulses.　cNumber　of　animals　showing　LH　Pulses.

Thc　data　for　the　rats　with　SD　is　taken　from　ChaPter　6　(ITllble　6.2)･

82



mUi)

L&[U)/

n』4M)/

Mnm)/

M

Fig.　7.　1.　Schcmatic　illustration　or　the　sitc　of　the　hyPothalamic　r()or　deam;rcntati()n(RD)

in　thc　sagittal　Planc.　LARD“largc　anlcrior,　LPRD'largc　Postcri()r,　SARD'small　antcrior,

MRD-middleroofdeam3rcntation.The　animals　with　MRD　wcrcclassiricd　into　2　groups

according　to　thc　Position　of　thc　cut.　ln　MRD'1　the　cut　was　on　or　bclow　thc　vcntral

margin　of　the　paraventricular　nucleus;　in　MRD'2　thc　cut　passed　through　this　nuclcus.

AHA-anterior　hypothalamic　arca;　AP'anterior　Pituitary;　ARC゛arcuate　nucleus,　DMH-

dorsomedial　hypothalamic　nucleus;　MM'mammillary　body;　MPO“mcdiaI　Prcoptic　arca;

OC-()ptic　chiasm;　PVN'Paravcntricular　nucleus;　SCN“suprachiasmatic　nuclcus;　VMH-

vcntromedial　hypothalamic　nuclcus.
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Fig.　7.2.　Prorilcs　or　plasma　LH　c()nccntrations　in　individual　ovaricctomizcd　lactating　rats

with　largc　antcri()rr()()1'　dcalTcrcntation(LARD).0Ⅵlricct()my　and　hyp()thalamic

dcalkrcntati()ns　wcrc　pcrr()rmcd()n　day　2　and　day　7,　rcsPcctivcly.　Blo()d　samplcs　wcrc

collcctcd　cvery　6　min　a)r　3　h　bcginning　24　h　artcr　thc　dcarrcrcntation.　Arrowhcads

rcprcscnt　the　Pcak　of　LH　pulscs　idcntiried　with　thc　PULSAR　c()mputcr　program.
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Fig.　7.3.　ProFilcs　of　plasma　LH　concentrations　in　individual　()varicctomizcd　lactating　rats

with　largc　poslcrior　roor　dcam3rcntation(LPRD).0varicctomy　and　hypothalamic

dcatkrentations　wcrc　pcrformcd　on　day　2　and　day　7,　rcsPcctivcly.　BI()od　samplcswcrc

collectcd　cvcry　6　min　k)r　3　h　bcginning　24　h　ancr　thc　dcafrcrcntation.　Arrowhcads

rcprcscnt　thc　Pcak　of　LH　Pulses　idcntiricd　with　thc　PULSAR　computcr　Program.
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Fig.　7.4.　Prorilcs　or　plasma　LH　c()nccntrations　in　individual　()varicctomizcd　lactating　rats

with　small　antcrior　ro()r　dcam3rcntation(SARD).0varicctomy　and　hyp()thalamic

dcar1rcntati()ns　wcrc　pcrr(L)rmcd　on　day　2　and　day　7,　rcspcctivcly.　BI()()d　samplcsM/crc

collccted　cvcry　6　min　for　3　h　bcginning　24　h　artcr　thc　dcam3rcntation.　Arrowhcads

rcPrcscnt　thc　Pcak　of　LH　Pulscs　identiricd　with　thc　PULSAR　computcr　Program.
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Fig.　7.5.　Schcmatic　illustration　or　thc　middle　roof　deaacrcntation(MRD)in　the　coronal

planc.　Animals　wcrc　classificd　in1()2gr()uPs　acc()rding　to　thc　P()sition()r　MRD.　Thc　cut

was　on　()rbclow　thc　゛cntral　margin　()r　thc　PVN　in　MRD-　l　and　passcd　thr()ugh　thc　PVN

in　MRD-2.
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Fig.　7.6.　Pr()rilcs()r　plasma　LH　c()nccn1rations　in　individual()varicctomizcd　lact3ting

rats　with　midd　lc　roo　r　dca　rllrcntation　(MRD-1)which　was　locatcd　on　or　undcr　thc

vcntral　margin　or　thc　PVN.　0varicctomy　and　hypothalamic　dcaErcrcntations　wcrc

pcrrormcd　on　day　2　and　day　7,　rcspcctivcly.　Blood　samPlcsNvcrccollectcd　cvery　6　min

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●

for　3　h　beginning　24　h　aftcr　the　deaffcrcntation.　Afrowhcads　rcPrcscnt　thc　Pcak　of　LH

pulscs　idcntiricd　with　thc　PULSAR　computer　program.
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Fig.　7.7.　Profilcs　of　plasma　LH　concentrations　in　individual　ovariectomized　lactating

rats　with　middle　roor　dcafferentation　(MRD-2)which　was　locatcd　abovc　thc　ventra1

margin　or　thc　PVN.　0varicctomy　and　hypothalamic　dcarrcrcntations　wcrc　pcrformcd　on

day　2　and　day　7,　rcspcctivcly.　Blood　samPlcs　wcrc　c()11cctcd　cvcry　6　nlin　ror3　h

beginning　24　h　ancr　thc　dcaffcrcntation.　Arrowhcads　rcprcscnHhc　pcak　or　LH　pulscs

idcntificd　with　the　PULSAR　comPutcr　program.
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Fig.　7.8.　Profilcs　of　plasma　LH　c()nccntrations　in　individual　ovaricctomizcd　lactating

rats　with　thc　clcctrolytic　lcsion　of　thc　PVN　(PVN'1)showing　thc　pulsatilc　LH　sccrction.

0variectomy　and　the　lcsioning　were　Pcrformed　on　day　2　and　day　7,　rcspectivcly.　Blood

sampleswcrecollcctcd　every　6　min　for　3　h　bcginning　24　h　after　thc　brain　surgcry･

Arrowheads　reprcscnt　the　Pcak　or　LH　Pulscs　idcntificd　with　thc　PULSAR　comPutcr

program.
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Fig.　7.9.　Profiles　of　plasma　LH　concentrations　in　individual　ovariectomized　lactating

rats　with　the　clectrolytic　lesion　of　the　PVN　(PVN-2)showing　no　Pulsatile　LH　secretion.

0variectomy　and　thc　lcsioningwcrcpcrformed　on　day　2　and　day　7,　respcctivcly.　Blood

samPlcswcrccollected　every　6　min　for　3　h　beginning　24　h　after　the　brain　surgcry･

Arro`゛hcads　rcprcscnt　the　pcak　or　LH　pulscs　identiricd　with　thc　PULSAR　comPuter

program.
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Fig.　7.　1　0.　111ustralion　()nhc　PVN　lcsi()ns　in　thc　c()｢()nal　planc.　Thc　animals　wcrc

classiricd　int()2gr()ups　acc()rding　t()thc　prcscncc　()r　LH　pulscs　(PVN“l　group　sh()wcd

LH　pulscs　and　PVN'2　group　did　n()t).　AHA“antcri()r　hypothalamic　arca,　F“fomix,

LH-latcral　hyPothalamic　arca,M'mammiHothalamic　tract,PE'pcri゛cntricular

hypothalamic　nuclcus,　PVN'paravcntricular　nuclcus,　SO-supraoptic　nuclcus,　3V゛third

vcntriclc.
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classified　as　PVN-1　group.　Afro`vhcads　indicate　the　site　of　thc　lesion.
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CHAPTER8

General　discussion
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Sappre∬iθnθfpa&ari/e£#secreriθn¥r/le　sac&ling　srim�££s　in　r/le

a&alceθ/`r/zEzzegαzjyE'μedl?ac&47eczθ/'θyαΓjαzz　szErθjds

　　ChaPter　3　rcveals　that　the　suckling　stimulus　supprcsscs　Pulsatilc　LH　relcase　in　the

absence　of　the　negativc　leedback　effect　of　steroids.　The　removal　of　PuPs　induced

pulsatile　secretion　of　LH　and　the　subsequent　resuckling　by　puPs　inhibit　the　secretion　in

ovariectomized　lactating　rats.　Thcse　rcsults　suggcst　that　thc　suckling　stimulus　is　a

predominant　factor　supPressing　the　pulsatile　LH　secretion.　0n　the　other　hand,　LH　surgcs

were　able　to　be　induccd　by　the　high　lcvel　of　circulating　ocstrogcn　in　ovariectomizcd

lactating　rats　even　if　the　vigorous　suckling　stimulus　was　provided;　i.e.　the　suckling

stimulus　was　unable　to　suPpress　daily　LH　surges　induced　by　the　chronic　oestrogen

treatment(Chapter　4).These　results　indicate　that　the　suckling　stimulus　suPPresses　the

tonic　LH　release　which　is　responsible　for　the　maturation　of　ovarian　folliclcs,　but　not　LH

surge　which　is　indispensable　for　ovulation.　Since　tonic　LH　sccretion　and　the　surge　have

been　rePorted　to　becontrollcd　by　the　mediobasal　hyPothalamus　(MBH)and　the　preoPtic

area(POA),rcsPectively,　the　suckling　stimulus　seems　to　inhibit　the　activity　of　the　MBH,

but　not　the　activity　of　the　POA　(Fig.　8.1)･

　　Among　factors　that　have　been　reported　to　suPpress　Pulsatile　secrction　of　LH,　fasting

and　stress　need　the　ovarian　steroids　to　supPress　the　LH　releasc　comPletely　(Cagampang

ca/･,　1990;　Higuchi　el　d,　1986).Moreover,　LH　sccrction　is　depressed　under　long

days　in　short‘day　breeders　treated　with　ovarian　steroids　(Karsch　ez　d,1984).Thus,

most　of　these　cnvironmental　factors　are　able　to　controI　LH　secrction　only　in　the　Presence

of　ovarian　stcroids.　Thcsc　observations　have　been　cxplained　by　the　change　in　the

sensitivity　of　LH-releasing　mcchanism　to　the　negativc'fecdback　effcct　of　ovarian　steroids

by　theexogenous　stimuli.　0n　the　contrary,　thc　suckling　stimulus　isa　novel　stimulus
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4o　ovarian　steroids　for　inhibiting　LFl　secrction,　as　dcmonstrated　in　this　thcsis･

　　　jyfmenZ¥/IMmora/μdory

　　Thc　suckling　stimulus　has　bcen　known　to　induce　thc　secrction　of　such　hormoncs　as

PRL,　ACTH〕,growth　hormonc　(GH〕)and　oxytocin　(Tucker√1988;Vbogt　cz�･,↓969;

Wakcr!ey　d�･,1988).The　Possibility　arises　whcther　or　not　these　hormoncs　can　Play　a

rolc　in　suPPrcssing　LH　secretion　during　lactation･　PRL　has　becn　shown　to　have　an

antigonadal　ProPcrty,　since　hyPerProlactinacmia　is　onen　accomPanied　by　thc　dcdine　of

Plasma　LFI　levels　and　since　theexc》genous　PRL　inhibits　the　LFl　secrction　(eohcn“Becker

d　a/･,　1986;　Smith　&Bartke,　1　987).Floweverμesults　shown　in　ChaPter　5　demonstrate

that　thc　blockade　of　PRL　secretion　by　the　administration　of　a　doPamine　agonist　CB-154

did　not　affect　the　suPPression　of　Pulsatile　LH　relcase　by　the　suckling　stimulus.

Morcover,　comP!etc　deaffcrcntation　could　rcinstate　Pulsatilc　LF{sccrction　without

innucncing　the　Plasma　lcvcl　of　PRL　(ChaPtcr　6).Considering　these　results　togetherjt　is

concluded　that　the　suckling　stimu!uscaHsuPPrcss　dlrectly　LFIRM　rclease　without　the

mediation　of　PRL　in　ovaricctomizcd　lactating　rats･　The　mechanisms　that　are　rcsPonsible

for　thc　suPPression　of　LFl　sccretion　and　maintenance　of　a　high　levcl　of　PRL　sccretion

may　be　indcPcndcnt　from　cach　other　at　the　lcvd　of　thc　hyPothalamus･

　　Since　the　high　Plasma　lcvel　of　ACTTH　induccd　by　adrenalectomy　did　not　Prcvcnt　thc

suPPression　of　LFl　secrction　during　lactation　OThya&Sasamoto,↓990),ACTM　could

not　ParticiPatc　in　suPPrcssing　LFl　sccretion　caused　by　thc　suckling　stimulus･　Xvhisnant

daA　0985)suggested　that　circulating　cortisol　was　not　a　Physiological　inhibitor　ofLH

secrction　in　the　lactating　cow.Moreovcr,　no　relationshiP　was　obscrved　between　ePisodic

(}M　secrction　and　the　actual　suckling　in　rats　(Magy　cM/9　↓986).　Thcse　results　supPc

thc　idca　that　the　neural　inPut　originatcd　from　the　suckling　stimulus　suPPressey
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Pulsatile　LH　secretion　without　mediation　of　the　humoral　factors.

y£1£zra/　μaz/zwαy　cθzzyO'jzzg　∫z41ρΓε∬jzzg　4μds゛　θzz　　zjzeα�y㈲¥zjzE

£jlR/Zp�∫E　gEηeΓαzθ｢

　　There　has　becn　rcported　a　considerable　body　of　evidencc　suggesting　that　thc

inhibition　of　LH　secretion　during　lactation　is　resulted　from　suPPression　of　LHRH　releasc

by　the　suckling　stimulus　at　the　hypothalamic　level.　Many　workers　have　demonstrated

that　LHRH　administration　enhanced　LH　secretion　in　lactating　animals　(rat:　Lee　ez　α£,

1989;　cow:　Jaeger　ea/･,　1987;　goat:　Knight　er　a£,1988;　ewe:　Newton　&Edgerton,

1989).Smith(1984)rcPorted　that　the　suckling　stimulus　reduced　the　number　of　LHRH

binding　sites　without　affecting　thc　affinity　of　thc　recePtor,　and　that　thc　degrec　of　the

rcduction　was　directly　rclatcd　to　the　intensity　of　thesuckling　stimulus.　Thc　large　decrease

incontents　of　the　pituitary　LHRH　reccPtor　in　thc　Presence　of　the　strong　suckling

stimulus　is　most　likely　to　be　duc　to　a　dramatic　suPPression　of　LHRH　relcasc　from　the

hyPothalamus,　because　thc　administration　of　exogenous　LHRH　reversed　the　reduction　of

LHRH　recePtor　caused　by　the　suckling　stimulus.　N4oreovcr,　Pro-ocstrous　surgc-likc　LH

rclease　was　induced　by　oestradiol　administration　to　thc　ovariectomized　lactating　rat

(ChaPter　4;　COPPing　&MCCann,　1979;　Smith,　1978b).Thereforeμhe　blockade　of　LH

secretion　imPosed　by　suckling　shouldoccurat　the　level　of　thc　hyPothalamus,　but　not　at

thc　pituitary　level.

　　Pulscs　of　LH　secrction　corresPond　wcll　to　LHRH　Pulses　that　arc　thought　to　bc

generated　by　the　putative　pulse　gencrator　located　in　the　MBH　(Soper&Weick,　1980);

the　frcquency　of　LH　Pulscs　seems　to　renect　directly　the　frequcncy　of　LHRH　Pulses　and

the　frcquency　could　be　regulated　by　the　LHRH　Pulse　generator.　Therenloval　of　thc

suckling　stimulus　dramatically　increascd　the　frequcncy　of　LH　Pulscs　and　the　subsequent
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resuckling　quickly　reduced　it　as　shown　in　Chapter　3.　1t　is　highly　possible　that　thc

suckling　stimulus　could　supPress　the　activity　of　LHRH　Pulse　gencrator.　This　Possibility

was　cvinced　by　the　results　in　Chapter　6;　the　LH　pulses　became　aPparent　aner　complete

dcafferentation,　suggesting　that　the　LHRH　Pulse　generator　is　located　in　the　hyPothalamic

island,　namely　thc　N/IBH,　madc　by　the　complete　deaflercntation.　The　suckling　stimulus

could　input　to　the　LHRH　pulse　gencrator　located　in　the　MBH　and　suppress　its　activity･

Thc　rcsults　of　ChaPters　6　and　7　rcveal　that　the　inhibitory　signal　for　LH　secretion

originatcd　from　thc　suckling　stimulus　is　conveyed　to　the　NIBH　dorsally　and　this　signa1

passes　through　the　Periventricular　nucleus　(Fig.　8.2).NVhether　pathways　involved　in　the

suPprcssion　of　LH　secretion　during　lactation　corresPond　to　the　previously　dcscribed

projections　into　the　Periventricular　region　of　the　hyPothalamus　(SNvanson,1987)rcmains

to　bc　cstablished.

/)θ∬jMEzzeμΓθzΓαηsmjμErs

　　Little　is　known　about　the　characteristics　of　the　nbres　conveying　the　signal　from　the

teat　to　the　N/IBH　for　suPPrcssing　the　activity　of　the　LHRH　Pulse　generator.　lt　has　been

rePortcd　that　noradrenaline　may　Perlorm　an　inhibitory　role　in　LH　release　(Leung　ez�･,

1981)vianeuronsoriginating　from　thc　Pons　and　medulla　and　projccting　rostrally　to　the

hyPothalamus(Moore,　1979;　Ungerstedt,1971).　Noradrenaline　is,　therefore,a

candidate　to　be　involved　in　the　mechanism　supPressing　pulsatile　LH　secretion　in　lactating

rats･　Y-aminobutylic　acidergic　(GABAergic)neuronsmight　also　be　associated　with　this

inhibition,　since　it　has　been　rePorted　that　GABA　concentrations　in　the　cerebrospinal　nuid

in　lactating　rats　with　their　puPs　were　higher　than　those　deprived　of　their　PuPs　for　several

hours(Oureshi　ea/.,1987)and　that　thc　suckling　stimulus　increased　the　concentration

of　the　enzyme　of　GABA　biosynthesis　in　the　NIBH　(Racagni,　e£a/･,　1984).ln　addition,
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inhibitory　effects　of　GABA　have　been　demonstrated　on　Pulsatile　LH　secretion　in

ovariectomized　lactating　rats　(Donoso&Banzanj984).0pioidcrgic　neurons　might　also

bc　a　candidate　mediating　the　supPression　of　LH　secretion　during　lactation.　Plasma

concentrationsofβ-endorPhin　in　periphera1　(Riskind　en7/･,1984)and　Portal　blood

(Gordon　ea/･,　1987)in　lactating　animals　receiving　thc　suckling　stimulusxverehigher

than　thosc　without　the　suckling　stimulus,　and　the　oPioid　Peptide　suPPressed　the　pulsatile

LH　rclease　in　ovariectomized　rats　(Babu　ea/･,1988).Many　workers　have　suggested　the

involvemcnt　of　endogenousoPioids　in　suppression　of　LH　rclease　during　lactation　in

various　animals　(rat:　Sirinathsinghji　&Nlartini,　1984;　cow:　XVhisnant　ez　α/･,1986;

Myers　eal/･,1989;　Rund　ez　d,　1989;　sow:　Barb　ez　α£,1　986;　N4attioli　ez　d,　1　986;

Armstrong　el�･,1988;　ewe:　Malven　&Hudgens,　1987).However,　my　recent　work

rcveals　that　thc　endogenous　oPioid　transmitted　signals　involved　in　the　ncgative　fccdback

of　the　ovarian　stcroid　for　LH　sccrction　but　not　signals　of　thc　suckling　stimulus

(unPublished　data)･

　　!nvolvement　of　corticotrophin　releasing　factor　(CRF)has　been　suggcsted　in　an

inhibition　of　Pulsatile　LH　release　by　stress　(Rivier&MIle,　1984;　Rivier　ez　d,1986;

Petraglia　ezα/･,↓986;　Gindoff&Ferin,　1987)jndicating　the　Possibility　that　CRF　could

mediatc　the　inhibitory　signal　of　the　suckling　stimulus　on　Pulsatilc　LH　secretion.　As

shown　in　Chapter　7,　thc　electrolytic　lesion　of　the　PVN　consisting　of　a　largc　number　of

ceH　bodies　containing　CRF　failed　to　recover　the　Pulsatile　sccretion　of　LH.　N4oreoverμhe

intracerebroventricular　injection　of　a-helicaI　CRF,an　antagonist　of　CRE　in　our

Preliminary　cxPeriment　could　not　remove　the　suPPrcssion　of　LH　rclcase　in

ovariectomized　rats.　Thcse　results　suggest　that　CRF　does　not　ParticiPate　the　suPPression

of　LH　release　by　thc　suckling　stimulus.

　　0ur　preliminary　exPerimcnts　using　antagonists　to　a　and　β-adrencrgic,　GABAA,
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GABAB　and　glycine　recePtors,　failed　to　prcvent　the　suPprcssion　of　LH　rclease　by　the

suckling　stimulus.　Further　studies　are　required　to　identify　the　nerves　which　convey　the

inhibitory　signal　of　the　suckling　stimulus　to　the　putative　Pulsc　generator　for　LH　secretion

locatcd　in　the　MBH.

CθzZc/£zsjθj7

　　The　Present　dissertation　describes　the　results　of　exPeriments　demonstrating　the

neuroendocrine　mechanism　by　which　the　suckling　stimulus　suPPresses　Pulsatile　LH

secretion　in　lactating　rats　used　as　a　model　for　another　animals　and　women.

　　The　results　in　this　thesis　demonstrate　the　neuroendocrine　mechanism　by　which　the

suckling　stimulus　supPresses　LH　secretion　during　lactation;　1)the　suckling　stimulus

suPpresses　Pulsatile　LH　releasc　in　the　absence　of　the　negative　feedback　eflect　of　ovarian

steroids,　but　not　daily　LH　surges　induced　by　the　chronic　treatment　of　oestradiol.　2)PRL

does　not　mediatc　the　suPPressing　effect　of　the　suckling　stimulus　on　LH　Pulses.　3)the

inhibitory　signal　emanating　from　the　mother's　teat　isconveyed　dorsally　to　the　MBH

through　the　Periventricular　nucleus　and　suPPresses　pulsatile　LH　secretion.

↓01



Fig.　8.　1　.　Schcmatic　illustration　()1≒hc　ncural　input　()1゛　suckling　stimulus　to　lhc

hypothalamus.　AP'antcrior　Pituitary,MBH'mcdi()basal　hyP()thalamus,ME“mcdian

cmincncc,　0C-()Ptic　chiasm,　POA‘prcoptic　area.
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∂ PVN

Fig.　8.2.　Schcmatic　iHustration　ol゛　thc　ncural　pathway　o1゛　thc　suckling　stimulus　within　thc

hyPothalamus･　AP-antcri()r　pituitary,　F-lbrnix,　MBH-mcdiobasal　hyP()thalamus,　0C-

()ptic　chiasm,　PE-Pcrivcntricular　hyP()thalanlic　nuclcus,　PVN-paravcntricular　nuclcus.
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