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ASSTRACT

Tv¡o experLments were conducted Eo lnvestigate the luteotrophic

acÈion of estradiol-l7ß (EZ-Uß) in gllts' For experl-ment I' 8 cycling

crossbred gilËs 6-8 months of age lJere dlvtded into two groups ' In

treatmenÈ 1 (Tl), 4 gllts were lnjected Íntranuscularly (1n) wlth 10 ng

E2-L7ß ar 0800/h on day 10 of the estrous cycle. The 4 gilts ln trear-

menr 2 (TZ) rrere in jected in with 10 !0g E2.-17 B on each of days 10

through 14 of Èhe cycl-e. Each anlmal' servf.ng as lts own control' llas

lnjected wiËh peanut otl vehicle on correspondLng days of the estrous

cycle precedlng the treaÈmenÈ cycle. Blood samples were taken dally at

ogoo h from day 0 (first day of estrus) to day 9; 1 qredlately

pre-f-njection (0800 h) and subsequently every hour for 14 h; then daily

until the next estrus. Following E2-L7ß injection' mean serun

estrogens peaked at l-evels > 900 Pg/¡nl wlthln 1 to 4 h post-injectfon,

returning Èo near pre-treatment means by day 18 (T1) to 22 (T2)' Durl-ng

Ëhe 14 h period followlng each E2-17ß lnjection' seruo progesterone (P)

and prolactin (PRL) concentratlons did not change slgnifieanEly; the

pulsatile pattern of LII secretLon was suppressed but serum LI{ levels were

signlficantty different (P ( .05) frorn the pre-injectl-on mean only on day

l_0 ln T2 gtlts . E2-17ß treatrnent prolonged luteal P production and

slgnlficantly extended (P < "01) the Lnterestrus lnterval by an average

6.25 (Tl) and 7.71 (T2) daYs'

InexperimenEII,13cyclingManagraandYorkxl'fanagragllts,T

monÈhs of age were dfvided lnto 4 groups. Group r (G r) and Group rr (G

II) were conÈrols, l-njected ln wlÈh vehlcle aL o83O h on days 10 through



L4 of the es¡rous cycle. Groups III and IV (G III and G IV) were

lnjected on the same days of the cycle with 10 ng E2-I73. Ovarles ¡sere

reuoved on day 15 (G I and G III) or day 20 (G II and G IV), and evalu-

ated for Beveral ovarian characÈeristics and luteal membrane receptor

bindtng of oLII and oPRL. Blood samples were collected fron G II and G IV

irnmediately pre-lnJectlon; aL 6 h and 12 h post-lnjectlon; then at 0830 h

and 2O3O h from day 15 to 20. Blood was collected from all gllts at

ovariecÈomy (ovx). The effect of E2-L7ß on serum hormone proflles and

luteal functlon was consistent with observations ln experiment I. LuËeal

P product.lon ¡¡as rnalntalned untll ovx on day 20' serum LH reuained low,

and no Ímmediate effect on PRL secretion slas apParent.. Ilormone concen-

tratlons at ovx were slml-lar ln G I and G III. Only P Levels r¡ere slg-

nlflcanrly dlfferent (P < .Ol) bet¡reen G II and G IV; befng roaintained in

G IV at levels comparable to G I and G III. E2-l-7ß treaEnent lnhtbited

ovarlan follicular grorùEh beyond the 3 lln stage; maLntained corpora lutea

weight; increased (P < .OL) % specfflc btndtng (ZSB) of oLII to 1utea1

tfssue recepËor preparatlons by more than 2 fold above G I values; but

did not affect %ss of oPRL to luteal receptor preparatlons.

Results suggesL that part of Èhe E2-L7ß luteotrophfc effect

Lnvolves an Lncrease in avallable luteal btnding sLtes for LH and

possibly malntenance of luteal recePtor sites for PRL'

The final experioent nas concerned wiËh the effect of lnhtbiÈlng PRL

secretion on cyclic luteal activiËy. Ten cycllng gflts of mlxed breeds,

7-9 rnonths old ¡Eere dlvlded lnto two equal groups. At 0830 h on days 4

through 11 of Èhe estrous cycle, each gilt was lnjected irn ¡¿ith either I



nL 6Oy" eÈhanol salÍne (controls) or 10 mg bromocripÈlne (Br) (treated) "

Ovaries were regoved on day 1-1 and evaluated as in experfnent II' Daily

blood sarnples rdere taken lmmedlately pre- and 12 h post-lnjectl-on from

2/5 eontrol and 3/5 Br-Ëreated gflts. saruples ldere collected from all

gilts at ovx. I'fean levels of PRL decreased fron the day 4 pre-lnjection

mean of 13 ng/rnl but remained above 4 ng/mL at all sanpling periods unË1l

day 11. Br did effectlvely block the PRL response to stress at ovx'

Serurn P concenËratiOns, corpora lutea numbers, weights, and "/'SB of oLII

and oPRL to l-ut,eal Ëissue receptor preparations Idere not signf f icantly

affected bY Br treatment.
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INTRODUCTION

The luteotrophlc response evoked by lnjections of esËrogen into the

gtlt aÈ rntdcycle has been acknowledged for over two decades, Yet there 1s

a paucity of lnformatlon regarding the mechanism(s) of Ëhis actfon.

prior to the beginning of the present studl-es no reportÊ were avallable

of the hormone proflles associated wtth estrogen treaEment' ConsequenL-

1y, theories advocating estrogen-lnduced alteration of pitultary luteo-

trophln secretl-on lacked Ëhe supportlng evidence that rnlght have been

gleaned from such measurements.

In general, hornonal regulation of porclne luteal function has not

been elearly deftned. Although, tt is commonly accepted that porclne

corpora lutea of the estrous cycle function autonomously, there ls evl-

dence to the coritrary. As well, tt is recognf.zed that maintenance of

luteal actlvit,y beyond the cyclic ltfespan requlres hypophyseal suPPort'

but agaln the nature of this requislte has not been fully elucidated' A

luteotrophlc role for luteinlzlng hormone (LII) has sËrong support' Evi-

dence lmpllcating prolactin (PRL) lnvolveuent fn malntenance of porelne

corpora lutea is more tenuous. At the tlme these studles were undertaken

there was no informaËion concerning the daily serum PRL concentratlons

durlng the porcine estrous cycle.

The flrst experluent was an investigatlon of the effects of

estradtol-17$ (Ez-17ß) fnjection on the interescrus lnterval and serum

concentraÈfons of estrogens, progesterone, LH and PRL ln cycling gtlts'

These observaLions Itere ext.ended 1n the second experiment to include
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evaluatlon of ovarian characËeristics and lut.eal membrane recePtors for

Llt and PRL subsequent ro E2-17ß ËreaEment.

The final experfuent rdas concerned with inhtbfting PRL secretf-on

¡¡ith bronocriptine treatment during the luteal phase of the estrous

cycle, ln order to examine a possible role for PRL in cyclic luteal

functlon. Serum hornone levels were measured as an indlces of ovarian

and pituftary functlon; ovarfan characteristfcs IÙere evaluaÈed and

specific bindlng of LtI and PRL to luteal membrane recePtors was assessed.



LITERAÎURE REVIEI{

Attenpts to form unifying concepts and mechanisms concerning hor-

monal regulation of corpus luteum (CL) funcEion have been hindered by

reports of narked species differences fn requirements for luteotrophic

hormones. The hormonal mechanisms Lnvolved tn conÈËol of formaË1on and

functlon of the CL have receLved the earllest and most exÈensive atten-

tion in rats; a specf.es l-n which full CL developnent and aetlvf ty is

attained only durlng pregnancy or pseudopregnancy. IÈ ls now recognized

that mainËenance of morphological and functional integrity of the rat CL

depends upon pltuitary secretlon of luteinlzing hormone (LI{) and

prolactln (PRL). EsËrogen ls inÈlmately l-nvolved r¿ith Ëhis complex but

the respectlve roles of each of Èhese hormones and thelr cellular

mechanÍsms for regulation of CL functlon are not rvell defined.

The requirements and role of the above menÈioned hormones fn cåntrol

of CL function ln the large domesÈlc anlmals are not so well establlshed.

This review will present a brief overview of the llterature concerning

the lnvolvement of these hormonal factors 1n mainÈenance of normal CL

functfon in caÈtle, sheep and s¡vf.ne. The flrst two sectlons w111 conpare

the requírements for pitultary support of cycllc CL DafnÈenance and Ëhe

hornone( s) fnvolved. Next, luteolytlc and especlally luteotrophic

actLons of estrogen w111 be discussed. The flnal section will deal with

some of the theories regarding estrogen f.nvolvement in the transfornation

of corpora lutea of the estrous cycle lnto corpora lutea of pregnaney in

s¡,¡ine.
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Role of the Pltuitary in CL Malntenance

The concept that Èhe porcine CL of the cycle ls autononous' not re-

quiring pitultary supPort for development or functlon, has been

perpetuated as fact for several years (Nalbandov, L973, L976). In part'

the origlnal hypoËhesis stemmed from results demonstratfng Lhat functlon-

al corpora lutea developed, produced progesterone (P) and lasted Èhe

normal duratlon of the cycle 1n pigs hypophysectomLzed immediately after

ovulatlon (du Mesnil du Buf.sson and Leglise, 1963). Although hypo-

physectorny perforned aË estrus dld not prevent the fonnatl-on of

apparently normal corpora lutea up to days 6 and 9, by day 13 of the

cycle P content and welghts of corpora lutea were lower than controls (du

Mesnll du Buisson and Legllse, 1963, et al. L964 as reviewed by Denamur,

L968). Removal of Ëhe pituitary after estrus dfd not affect CL P content

on day 10 or 11, but did result in corpora lutea of lighter welght than

tn day 13 con¡rols (Anderson et al., 1967). These observat.ions suggest

that Lhe preovulatory LH surge 1s lndeed sufficlent stinulus to inltiate

lutefnization, subsequent normal CL development and P production untLl aÈ

l-east the nld-luteal phase. l'laxfmum norphological and functional

integrity of luteal tissue beyond this potnt nay depend on secretion of

pitultary gonadotroPhin(s) .

In the ewe, hypophyseal support 1s requlred for nornal development

of luÈeal structures and mal-ntenance of cycllc luteal activity. However,

the two research groups r¿ho conducted rnost of Èhe hypophysectomy studies

were opposed ln thelr fnterPretaÈions. Kaltenbach et al. (1966)

concluded from their research that Ëhe ovine CL required pitultary

support for at leasÈ the first 5 days of Ëhe cycle. Denamurrs group, ln
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France, (Denamurr 1968) found hypophyseal supPort was necessary only

after day 5. The conÈroversy Bay have evolved because of dlfferent

crlÈerl-a for development and functlonal actlvity as well as posslble

varlations dependlng on Èhe day of the cycle hypophysectomy was Per-

formed. Nonetheless, 1t ls apparenÈ that a luteotrophlc contributlon

from Lhe pltuftary 1s required for the ovine CL of the estrous cycle to

attain normal sLze and steroidogenl-c competency'

The effecËs of hypophysectomy in the cow have not recelved atten-

tion. However, pitultary stalk sectlon on the day of ovulation (Anderson

et â1., 1966) resulted 1n corpora lutea on day 12 that \{ere no heavler

than would be expected on day 5 or 6 of the cycle, but did produce an

apparentl-y normal plasma P concenÈraË1on (Gones et al.' 1963).

Thus, each of these specLes may have the potential for some auÈo-

nomous cL growth and activfty; the necesslty of hypophyseal support belng

one of degree.

Nature of the Pituitary Luteotrophln(s)

Lutefnf.zing llormone. A luteotrophic role of LH for normal cyellc luteal

functlon Ín caËtle and sheep seems ¡rel1 esLablished. In the bovlne, it

has been denonstrated that exogenous LH can increase P output from

corpora lutea of normal cyclic (Carlson et a1-.r 1971) or hysÈerectomlzed

anLmal_s (Brunner et al.; 1969, Carlson et al., 1971) and prolong Èhe

lnterestrus lnÈerval by approximaÈely 16 days (Donaldson and Hansel,

1965). AdninlsËratf.on of antiserum to LH on days 2 through 6 of the

cycle to lntact heifers, or for 5 days to hysterectomized helfers, Íê-

sulted in a signlficant reducÈLon 1n corpora lutea welghts and P content



(Snook et â1., L969) "
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CL functions eeased, oE l{as quantiËatively

inhtbited, when LH antisera lüas injected on days 11 and 12 (Hoffman et

â1., L974). These findings have been supported by several in vitro

trials whlch demonstrated that LH r¿as requlred to naintaf-n morphologfcal

appearance and P secretion of bovine luteal tlssue (Hansel et a1.' 1973;

Gospodaror¡lcz and Gospodarowlcz, L975). According to Armstrong and Black

(1966), CL frorn day 14 of the cycle respond less to LII than do older

ones.

LII also exerts lmportant trophic actions on Èhe cyclical CL of the

ewe. Infusion of LII lnto the ovarian artery stinulated P secretion from

ovaries autotransplanted to the neck (McCracken et â1., L971) or re-

malning in situ (Dornanski et al., L967). In sheep hypophysectomized on

the day afÈer estrus, LH increased both CL welght and P production

(Denamur, I974). As well, functional luteal tissue llfespan was approxi-

mately doubled by daily lnfuslons of LII beginnlng on day 10 or 11.

Repeated adminlstratlon of antl-bovine LII serum decreased P secretion in

ovary autotransplanL ewes (McCracken et al., L97L) and resulted ln

partlal regressfon of corpora lutea in intact ewes (Fuller and Hansel,

1970; Denamur, L974).

A requl"site for LII by the porcine cL of the cycle appears less

obvious. As previously lndicated, Èhe results of hypophysectomy at

estrus suggest that the preovulatory LH surge, or other events occurring

by that Ëfme, are sufflcient to initiaËe CL developnent. Subsequent

dlfferentiation and actfvlty rûay proceed nonnally wfthout pltultary

support; at least, untll the rnid-luËeal phase. Other invesEigatory

approaehes lend credence to Èhls hypothesis. Cook et al. (L967 ) observed

thaË porcf.ne luÈeal tissue from nid-cycle (days 8-10), or early gesta-
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tion, responded to incubatlon r¡ith LII by a sfgniflcant fncrease in P

synthesis. However, the response rdas htghly variable and srnal1 (T57.)

conpared to the response noted with bovine (40%) and ovine (30"/.) luteal

tissue. More recenËl-y, I.IaËson and co-workers noted a rapld transient LH

stlnulated f.ncrease ln Luteal P secretf.on followed by a prolonged

sÈimulatlon in luteal tissue from non-pregnant (days 11-14) (I'Iatson and

Leask, L975; I{atson and l,IrigglesworÈh, L975) and early pregnant (Watson

and Maule l{alker, 1978) pigs. Although these studies demonstrate an

abiltty of porctne corpora lutea to respond Èo LH, they do not define a

requirement in vivo.

Spfes eÈ al. (L967) were unable to cause any signlffcant reductf.on

ln corpora lutea weighÈs or P concentratlon in non-pregnant gl1ts by the

adminl-stration of anËL-ovlne LI{ on days 7 through 11 of the cycle. The

same antiserun given to pregnant gllts resulted ln CL regresslon and loss

of embryos; Èhus demonstrating the necesslty of LII for malntenance of

corpora lutea beyond the normal cycle length. Thls observation gains

support fron studles using hypophysectomized anl-mals. As in many other

non-primate specf-es 1n which Èhe uterus exerts a luÈeolytlc effeet,

hysÈerectomy during the porcf.ne luteal phase resulÈs ln prolongation of

Èhe CL llfespan (du Mesnil du Buisson and Dauzier, 1959). Anderson

(1966) summarized the available lnfor¡oaEion aË that tlme and concl-uded

that fn sorls hysEerectomized and then hypophysectomized, corpora lutea

wfll regress within 10 days. Corpora lutea could be maintalned beyond 10

days by a varLety of LI{ containLng gonadotrophin preparatf.ons. These

same conpounds ¡sere ¡ElLhout effect when the uterus remaLned fn situ. 0f

lnterest ln this contexË ls the report of Denamur (1968) that a conbined
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LH and estradlol treatment., beginning on day 12, resulted 1n fully acËive

corpora lutea on day 20 in sows hypophysectomized on day 2 of the cycle'

Such results are of lnterest f.n view of the necessity for CL maintenance

durlng early pregnancy and will be discussed later'

prolacËin: The role of PRL in malntenance of strucÈure and functlon of

the CL remal-ns controverslal. As previously mentloned, PRL is considered

part of a luteoÈrophlc complex ln Ëhe raL. PRL actlon in the rat CL

appears to lnclude l-ncreasing LH receptor proteln, maLntalnlng enz)rmes

essential for steroidogenesis and, aE the satne tfme, lnhtbtting enzymes

which caËabolize P (Ensor, 1978). Evldence lmplicating PRL as an essen-

tlal luteotrophin during the estrous cycle in cows, e\{es and sows is con-

fllcting.

In caEtle, pRL failed to overcome the inhibltory effect of oxytocfn

on CL funcËlon, Iühereas, LH dld (Donaldson et al., 1965) ' Sinllarly' PRL

treatment could not prolong CL function in lntacË heifers (Srnlth et al-.,

Lg57). In vitro studles were conÈradlctory. Whtle Hansel (1967 ) did not

observe any effect of PRL on P synthesis by bovine l-uteal tissue, both

Romanoff (1966) and Bartosik (L967) reported EhaÈ PRL fncreased P

synthesls ln perfused luteal phase ovarles. Ilowever, the quanËity and

purity of the PRL hormone preparations used ln the latEer studf-es have

been quesËíoned (Hansel et 41. , 1973) . Depression of plasna PRL

concentrations r¡ith PRL antlserum or bromocrfptlne (CB-154), administered

on days 11 and 12 of the cycle, did not affect clrculatlng P Levels

(Hoffnan et al., 1rg74). Plasma PRL concentratÍons could not be deter-

mlned 1n Ëhe antiserum-treated grouP. But, ín the two caÈÈle treaÈed
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wtth CB-154, pRL levels declfned by 837. and 882. These reporËs, combined

with those ln the prevLous secËion, suggest that LH is the doml-nant

luteotrophln in cycling cattle, whereas PRL appears to have llttte lf any

effecË. But, a posslble facilftattng role tn preservation of luteal

tissue integrlty cannot be excluded.

More evidence is available that PRL is required for normal cyclical

cL functfon in the ewe, but, aome controversy exlsts. Hlxon and clegg

(1969), using an lmpure PRL preparaÈfon' were able to lncrease P secre-

tion in hypophysectomLzed erfes. McCracken et al. (1971) were unable to

dupllcate this stimulatory effect fn vitro or in intact luteal phase

ewes. Slmilarly, fn cofitrast to thetr results using LH preparatlons'

Karsch et al. (1971) were unable to Prevent CL regressfon by ovarian

infusion of PRL. However, failure to detect a luteoËrophlc actlon ln

cycllng animals during the luteal- phase, does not rule out a requirement

for this hormone for nonnal deve|opment and preservatlon of luteal

structures and cYcllc activity.

The luteoËrophic properties of PRL have been demonstrated ln

hypophysect.omlzed and hysterectonfzed-trypophysectomfzed ewes ' PRL

supplemenÈatl-on, for L2 days after hypophysectomy on day 2 of the cycle,

produced an l-ncrease l-n corPora lutea weight of ca. 607. compared to

controls (Kann and Denamur, L974). Ilypophysectony followlng hysterectomy

(days g-Lz) resulted 1n near complete luteal regressLon Idfthln 4 days

(Denamur eÈ al.r 1973). Daily PRL treatment, but not LH alone' maln-

Èalned CL actlvfty for at least 12 days; but' at a reduced level' Sfnul-

taneous adrnlnistratlon of PRL and LH preserved CL function comparable Èo

Chat of hysÈerectonized controls. Finally, consequences of pituitary
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stalk-sectlon on day 3 of the cycle also support a t.rophl-c role for PRL

during the cycle. Thls surgical interventf.on resulted ln a dirninuftion

of circulating LH to undetectable levels (Kann and Denamur, 1973),

persLstance of appreclable amounts of plasrna PRL (BryanÈ et al'r 197f)

and relatively normal CL development, up to the 12th day of the cycle

(Denamur et al., 19661 1970). Removal of residual LH, by lnjections of

Lll antiserum, stlll allo¡ved greaËer 1uteal structure development than

noted 7 d.ays following hypophysecfomy on day 2 of the cycl-e'

Although a luteotrophie requLremenÈ for PRL seems to be illustrated

by the experiments clted above, suppression of PRL secretion by CB-154

lnJecÈlons from day 2 of the cyele did noE affect the time of cL

regressf.on (Nfswender, 1972; Kann and Denamur, 1974). This does not,

necessarily, contradict a requisite for PRL' since blood PRL was still

deËectable (Kann and Denamur, L974)

Comparatlvely little research has been reported regarding PRL in the

pig. Measurements of pltuitary PRL content during the estrous cycle of

sotts showed thaE the amount of hormone increased until estrus then

decllned (Day et â1. , L959) ; Lhe l-or¡est values belng lurnediately af ter

ovulatlon and the htghest 1n the luteal phase (Threlfall et al', 1972)'

If pttuitary content Ls lnversely related to plasma concentrations, these

results agree ¡¡lth the recent report of Dusza and Krzynowska (1979) '

Plasma PRL levels in sows ldere greatest JusË before estrus, wiÈh a mLnor

surge l-n some anlmals at estrus. The lorsest plasma concentrations were

observed durlng the luteal phase" This Pattern is slmilar to that seen

durfng the estrous cycle of the ewe (Kann and Denauur, 1974).

IncubaÈlon of porcine corpora lutea with PRL dfd noÈ lnfluence P
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synËhesis (Cook et â1., L967). The mosÈ definftive indication that PRL

may have a part in porcine l-uËeal functf-on comes from the demonstration

of specific recepLors for PRL in the corpora lutea of non-Pregnant and

pregnant pigs (Roll-and et al., 1976). Corpora hemorrhagica and

albicantla demonstrat.ed 1ittle speciflc binding, whereas corpora lutea

from early to mid-pregnancy demonstrated a near 5 fold lncrease 1n

speclfic blndtng above corpora lutea of the cycle. Binding site concen-

tration Lncreased wlth gestational age. Conbined with the earller obser-

vatlons of Rolland and Hammond (1975), it appears that around the tine of

ovulatlon, when luÈeinizaË1on of granulosa cells comnences, PRL binding

is mlnimal. As corpora lutea develop, PRL recepÈor sites become more

numerous. If pregnancy occurs, a substantial- increase ln bindlng

capaciÈy ensues ¡thlch fncreases during gestation' at least up to about

day 46 of pregnancY.

The significance of these observatlons remains speculative, as yet.

As results of hypophysectomy suggested ' some pltuitary support nay well

be requlred for optf.mum luteal lntegrlty beyond nfd-cycle'

EsÈrogens: LuteolyElc or Luteotrophlc?

Exogenous estrogens are generally considered to be luteolytlc 1n

sheep and cattle; an effect ¡vhlch requLres Ëhe Presence of the uterus

(Brunner et al., 1969; Bolt and Hawk, 1972, 1975). Plasrna estradlol

appears to rfse, ln both species, Just before luteal regression and has

been Lnpllcaüed 1n the uterine synthesis and release of the presunptive

luteolysin, prosÈaglandln FZa (PGF26) (Hansel et â1., 1973; Ford et

ãL., Lg73,1975; Barclko¡¡ski et a1., 1974; Cox et ê1., L974). Although
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the x¡åjor luteolytic effect of estradiol requires the uterus ' a direct

action on the CL cannot be excluded. In hysterectonl-zed heifers,

exogenous estradiol resulted in a smal1 decrease in CL weight and P

content (Brunner et â1., 1969; Gengenbach et â1., 1977); when combined

with PGF2o Ëreatment, luteolysls was more complete than with either

esÈradiol or PGF2. alone (Gengenbach et â1., L977>. Bovine luteal

tLssue contaln specific esËrogen receptors and in vivo treaËmenÈ with

snall amounts of estradiol-L7 B@Z-L7B) ellmlnated rhe stimulatory

effects of LH on P secretlon in vitro (Hansel et â1., 1973) ¡vfthout

signlficantly affecting plasma P concenËrat.ion. Slnllarly, I'Illliams et

aL. (L977) dernonstrated E2-L7ß inhtbition of LH stlnulated P synthesls

by dispersed bovine luteal cells. The mechanlsrn(s) of thls

estrogen-lnduced luteolysis remaLns elusl-ve.

In the etre, estradlol Eay exert a luteoErophlc effect

adninlstered during the ear1y luteal phase (Stormshak et a1-., 1969; Hawk

and Bolt, 1-970). Presumably, this relates to the abillty of estrogen Ëo

induce LH release when plasua P levels are lors. Later, f-n mid-cycle,

when P concentraÈl-ons are elevaÈed, estradiol does not usually evoke LII

release (Howland et aI., 1971) and esÈrogents retrogressfve lnfluence

predominaÈes (Hansel et al., 1973; Cuunings, 1975).

In apparent coritrast to sheep and cattle, exogenous estrogens eliclt

a luteotrophtc response 1n pigs. This ¡sas first demonstrated by Kidder

and cogorkers (1955) ¡¡ho observed a signiflcanL lengthenlng of the

lnterestrus Lnterval, by 6 days, when gllts were injecÈed with diethyl-

sÈilbesLrol (DES) on day 11 " The same Èreatment to gtlts on day 6 ¡sas

¡,rfÈhout effect. Nishikarva and Walde (1958; as reviewed by Denamur' 1-968)
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reporËed Èhat corpora lutea Persisted for 53 to 111 days from ovulation'

Datly lnjections of stilbestrol røere begun during the luteal phase (days

5 - 9) and continued for 7 to 10 days " The requLrements for cL

maifitenance by exogenous estrogen treaEment in Èhe plg were summarized by

Denarnur (1963) as follows: 1) injection of an effective mlnimum dose: 5

mg for estradLol (Gardner et al.r 1963; du Mesnll du Buisson,1966)' 10

ng for estrone,1 ng for stllbestrol (Gardner et â1.r 1963),8 mg for

ethynylestradiol(I.IagnerandVeenhulsen,1965).,2)estrogen

adminLstration durlng a preeise period of Èhe cycle, starting no 1aÈer

Ëhan day 11 (Kidder et al . , 1955; Gardner et al. , 1963; I'Iagner and

veenhuisen, 1965; du Mesnfl du Bulsson, 1966) and lasting aË least 5 to 7

days (du Mesnll du Bul-sson, 1966) '

The ruechantsm( s) by whlch esËrogens exert thelr luteotrophic effect

is unknown. Based upon examinatl-on of ovaries from gilts sacriflced 4

days after DES treatment on day 11, Kidder et al. (1955), """ot"á 
the

extended eycle lengËh was due to estrogen-effected LII release resulting

ln ovulaÈlon or lutelnfzatlon of follicles. However, as ln sheep and

cattle, FooËe et al. (1958) could find no evidence thaË estradiol caused

LII release ln pigs when plasma P levels r¡ere high; as 1n the nid- to late

luteal phase or during exogenous P treatment. These observatlons were

exÈended by several- investlgators . I'fultiple injectlons of E2-17 ß

mal"ntalned CL P concentratLon and content, lnhlbfted ovarian follicular

growth (Garbers and Ffrst, 1969; Chakraborty et al., L972) and lncreased

pltultary FSII and LH levels (Garbers and Flrst, 1969). No difference tTas

noted ln pltultary PRL contenË, but results Idere lnconcluslve (Garbers

and First , L969).



L4

Eetradlol was not luteotrophle 1n hypophysecËomLzed aows (Denamur,

1968) nor ln pf-tuLÈary etalk-eectfoned gtlte (Anderson et aL", L967)"

Combined LH and estradiol treatment, beginning on day LZ to hypophy-

sectomlzed solss, maLntained ful-ly actfve corpora lutea as assessed on day

20 (Denarnur, 1968). LH, alone' rùas fneffectLve.

Theories of Estrogen Involvenent in Maternal Recognltlon of Pregnancy

Cow, sheep and plg embryos undergo a prolonged free-livlng stage in

the uterine l-umen before attachment. The earliest observed signs of

norphologlcal lnteraction bet¡reen trophoblast and endornetrLun varfes from

about l-3 to 15 days 1n the sow and ewe (Cromble, 1970; Boshler, 1969) up

to 5 weeks after fertfllzation Ln the co¡¡ (I{lnsaÈt, 1975). Consequently,

the signal for lnLtlating luteal mal-ntenance and esÈabllshnent of the CL

of pregnancy likel-y occurs whLle the enbryo ls essentfally free fn the

uteru6. In theee donestic epecLes the productlon of an anti-luÈeolysin

and/or luteotrophfn by the enbryo Ls essenÈlal to neutralize the uterine

luteolysln, and 'rescuet the CL fron regression.

Trophoblast cells fro¡n many epecfes have the capacfty to synthesize

a variety of compounds, lncluding steroide and glycoproteins (Cook and

Hunter, L978; Heap et a1-., L979>. Although, the fnfluence of the embryo

on CL malntenance has receLved conslderable attentlon, Èhe exact ûature

of lts affect has yet to be cl-arLfied. Regardtng cattle and sheep, evf.-

dence to daÈe does not tend Èo favour embryonfc esËrogens as luteotrophic

or antlluteolytlc factore ln early pregnaocy (Gadsby et â1., L976;

Carnegle and Robertaon, 1978; Cook and Hunter' 1978)"

The remaLnder of thte BecÈlon nil-l deal prfroarlly with ewfne and
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evidence ¡nplleat.lng estrogen involvemenË in maternal recognitlon of

pregnancy, thereby establishing the corpora lutea of pregnaney.

PrelmplanÈation Ptg embryos have been shown Èo be partlcularly

actl-ve ln the blosynÈhesls of estrone and E2-17ß by day 12 (Perry et

a1., 1g73, 1¡g76) - early enough to be involved in arresËing 1uteal

regresslon. Ernbryonlc esÈrogens Eay be sulphated ln the endometrlum

(Perry eÈ a1., L976) and appear in Ëhe Perlpheral plasma of the pregnant

sow, priparily as estrone sulphate, whlch can be detected there by about

day 16 (Robertson and Ktng,1974; Robertson et a1., 1978); reaching a

peak between days 23 and 30. Probable target tlssues for this estrogen'

1e. hypoÈhalamus, pltuftary and CL, all have actLve sulphatases whlch

could regeneraËe free steroid (Perry et â1., L976; Cook and Hunter,

1978).

Luteotrophfc Effect. Perry and co-\rorkers (1976) have suggested that

rescue of luteal function in the pregnanÈ pig is ¡nediated by embryonic

estrogens transporLed ln the sulphated form to the CL. There, they are

hydrolyzed to exert a luteotrophic effect ¡vhich could augmenË that of LH

secreted by the pituitary. In a previous sectlon, evl-dence was presented

that exogenous estrogens are luteoËrophfc rshen administered during this

time to Ëhe non-Pregnant gilt; an effect which required Ehe pltuitary

lnEact.

Goldenberg eÈ al. (1972) did observe a synerglsË1e action of estro-

gens and IICG in stlmulating P synLhesl-s by cultured porcine granulosa

cells. As weL1, ln one experlment reported by cook et al. (1968)'

estradiol gave a dose-related Lncrease in P synÈhesfs by luteal sllces
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obtalned on day 10 of the cyele. In general, however, these latter

investf.gators dld noÈ observe estradfol enhancement of P blosynthesls in

incubatton sysÈens ¡¡iÈh corPora lutea from earlier in the eycle' Píg

granulosa cells in culture speclflcally concentrated labelled estrogens

and in particular, accumulated unconjugated estrone (Norris and Kohler'

:-g74). 1þo pofnts nay be noteworthy here. Flrstly, Gardner et al'

(1963) nored that daily fnjecttons of esÈrone (days 11-33) to the cycling

gflt, malntalned slgntflcantly larger corpora lutea than dtd E2-L73,

although no dlfference f-n P concentratlon Itas observed' Seeondly, Pack

and Brooks (1974) described a variaËl-on in uterine converslon of E2-17$

to estrone sulphate during the ptg estrous cycle; a uaximuu (ca' 80%) was

reached in the mld-LuÈeal phase, then decllned steadlly' These observa-

tlons rrere extended by Perry and co-workers (1976), who reported that the

level of conversion attalned ln the mld-luteal phase dld not decllne in

earl_y pregnancy. As suggested by Perry eÈ al. (1976), these last obser-

vaÈlons may relate to an anti-luteolytic effect of estrogens.

Antl-luteolytlc Effect. The luteolytic actLon of PGF2q, adminLstered

during the late luteal phase, has been demonstrated ln the cycling pig

(connor, 11976; Ilalford et al., 1974) and increaslng anounts have been

detected in the uterine velns Just prior Èo luteal regresslon |n the non-

pregnant sow (Gleeson et 41., L974). Lesser quantltfes nay be secreÈed

from the pregnant ut,erus on days 13 to 17 (MoelJono et â1., L976), but

are elt.her tnsufficienL to cause luteolysls or lts effects are neutra-

Llzed by an enbryonLc slgnal-. In this regard, Bazer and Thatcher (1977)

have proposed an antl-luteolyEic action of estrogens via redirection of
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uterine PGF in the pregnant sow. Inhtbttlon or redfrection of uterfne PG

productlon rdaa suggested from observaEions of reduced concentrations of

PGF ln the utero-ovarlan vein of Pregnant' compared to nonPregnant'

anl-mals after day L2 post coitus, and the suppression of uterine PGF

release into the uÈero-ovarfan vein by estradlol valerate (EV) administr-

ation (Frank et al., 1977). In a subsequent study, they found that EV

treated gilts had slgniftcantly el-evated PGF concentratlons in Ehe

uÈerf.ne l-umen. As a result, it was proposed that in pregnant, and non-

pregnant estrogen-treated plgs, estrogen effects a redirectfon of

PGF2* secretion a\ray from the utero-ovarlan vein, and thus away from

the ovary, l"nÈo the uÈerine lumen.

As well, these latter researchers noted that

through 15, resulted 1n a significant l-ncrease

EV

in

treaËment, days 11

peripheral estrone

concenËraÈions. This cofncfdes wtth the observaÈions that the conversion

of estradiol to estrone by the pig uterus does not decltne in the early

pregnant anlmal (Perry eE a1., 1976) as it does ln the eycling animal

(Pack and Brooks, L974). Therefore, estrogens, efther exogenous or of

embryonlc origfn, mêy exert an anti-luteolytlc effect by redirectlon of

uterlne PGF flow. Suppresslon of the luteolytic mechanlsu lray also be

acconpllshed by maintenance of 1ow uterine tissue concent.ratlons of

EZ-L7ß" Thts last posslblllty assumes that in the non-pregnant anlmal,

Lncreased secretion of estradiol fron rapldly growlng follicles nornally

enhances synthesls and release of uÈerine PGF; Èhese events being

preceded in the pregnant anLmal by trophoblastic sterofdogenesfs and

maintalned uterfne enzymatlc activltfes (Perry et al " ' 1976>,
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Al-tered Sensftlvfty of the CL. Evidence presented earlier in this

sectlon suggested that estrogens rnay also have a dlrect actlon on the CL'

CuLtured porcine granulosa cells concentrated esLrogens (Norrls and

Kohler, :rg74) and synthesized increased quantiËies of P under the

influence of estrogens and HcG (Goldenberg et al., 1972). Estrogen

recepËors have been demonstrated in porclne corpora lutea (Cook and

Ilunter, 1978) and l-utea1 slf.ces f ron day 10 cycllng gllts responded to

estradlol by increased P secretl-on (cook et al ., 1968). I'Ihereas, these

observatlons may tmply a direct luteotroPhlc effect, a slightly different

posslbllity nay be inferred from the work of Kraeling et al' (1975)'

They were lnvestlgatlng the susceptlbiltty of porcine corpora lutea to

Èhe luteolytlc effects of PGF2¿. In 3 of 4 hysterecÈonized gilts'

datly fnjectlons of l-0 ng estradlol- benzoate (EB) (days 20 to 25) Pre-

venred 5 ng PGF2Q (day 24) from lnltiatlng luteo1-ysis. corn oll or 5

rng EB were ineffectlve. Thls nay suggesË that the EB, elther dlrlctly

or lndirectly, reduced the sensitlvity of the corpora lutea to PGF'

This idea ls noÈ supporüed by Èhe recent report that, fn vl-tro,

estradlol did not prevent a PGF2o-lnduced decline ln P productlon by

superfused porclne luteal tissue of early pregnancy (days 18'22) (Watson

and Ì,faule l,Íalker, 1978); nor did it enhance P synthesis. On the other

hand, LH enhanced P productlon and r¿as antagonistic to luteolyttc effecÈs

of PGF2Q. It is not known whether a higher concentration of

esÈradfol fn the superfusion medLum, or a longer exPosure perlod could

have resulted ln observatlons ûore compaËlble wl-Èh the ln vfvo findlngs

of Kraeling et al" (1975). The ln vLtro observatlons do not'

necessarLly, preclude an effect of estrogens on luteal tlssue ln vivo,
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nor an effect whlch normally woul-d occur earller than day L8-22"

Altered Gonadotrophin secretÍon. The luteoErophic PotenÈ141 of LH is

well accepted. It has the demonstraÈed abtlfty to sÈlnulate P synthesls

l-n vf rro (cook et aI. , 1967 ; Watson and Maule tr'Ialker, 1978) ; to act

synergist.fcally wlth estrogens to increase P productfon by granulosa

cells (Goldenberg eÈ al., Lgl2) and to nalntain corpora lutea in

hypophysectomlzed sows (Denamur, 1963). Therefore, several investigators

have ascrfbed part of the estrogen luteotrophlc effect to ellcltatlon of

LH release by a positive feedback of estrogen on the hypothalano-

pf-tuttarysyst'em(PerryeÈal.,|976 CookandHunter'1978).Areport

of raised plasma LH levels during early pregnancy ln the sow (Guthrie et

41.,1972)f-sgenerallycitedtosupportthtstheory.However,meanLll

levels were hlgher than the non-pregnant controls fron day 0 onward' No

increase was obvious from day LZ untll collectlons stopped on day 24'

This would suggest that tf pregnancy affected LII levels lt Iras at the

time of conceptLon, not around days 10-12, when blastocyst estrogen

synthesis beglns (Perry et al ., Lg76). Also, Tillson et al' (1970) found

the complete reverse; lower LII levels Ln pregnant sotls. Consequently, ft

remains uncertal-n ¡¡haË effecÈ, lf âny, enbryonic esËrogens may have on

maternal plasma LII concentrations '

Generally,elevatedPconcenËraÈions,as¡youldbepresentaround

days 10 to L2, are consfdered antagonfstlc to esÈrogen lnduced LIi

release(Footeetal.,1958;Howlandetal.,].971).Thel-ncreased

pLÈultary LII content noted concommltant with estrogen lnduced luteal

maintenance in gilts (Garbers and Flrst, 1969) nay suggest suppression
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raËher than stimulation of piÈultary LII release. A requf.remenË for LH

during early pregnâncy was lndicated by CL regresslon following LH

anÈlserum adminlstraÈlon to pregnant gllt6 (Spies et al., L967)" Whether

esÈrogen stimulates LIt release, acta synergistically or facllitatively

wlth LH, remaLns to be elucldated.

In oËher species, high clrculating estrogens are often associated

with stimulation of pitultary PRL release (Nelll, 1974; Ensor' 1978). At

present, no evldence ls available to show a sirnilar effect of estrogens

ln the plg.

Effect on Luteal Tissue Hornone Receptors. One mechanfsm of estrogen

actl-on in the pregnant pfg, whlch has receLved virtually no aËtention' ls

a possible interacËlon between esËrogen, PRL and/or LII. The significance

of specific PRL btnding sl-Les ln porcine corpora l-utea and the increase

with gesÈational age (Rolland et aL.,1976) can on1-y be postulaÈed.

In the rat, PRL is consLdered Èhe hormone that transfor¡ns the CL of

the cycle into the CL of pregnancy (Day et a1., LgTg). Part of Èhls re-

qul-rement appears to Lnvolve inducÈfon and/or Dalritenance of LH receptors

(Grinwich et al.o L976; Day et al., 1979) and, possibly, maintenance of

l-uteal- cytosol estrogen recePtors (Gtbort eË al.,1979; Keyes et 41",

tgTg). PRL receptor rnay be induced by LII, PRL and/or estrogen (Richards,

1978; I^laters eÈ al., 1978; Ensor, 1978). Thts depends upon the hormonal

environment the tissue 1s, and has been, exposed to, and the type of

tissue.

Essentlally, in Ehe rat, LH, PRL and estrogen can be deplcted as

actlng synerglstically to preserve luteal- structure and steroidogenic
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The mode of actlon of these hornones has not been de-

In the pig, the pttultary is necessary for prolonged cL oaintenance

(Denamur, 1968). LH ís required durlng early pregnancy' at leasË (Spies

eE a1., ]967). The Íncrease tn PRL blnding sftes wlth gestational age

suggests a requisite for this hornone, as well. There are 6everal hypo-

thetical ways by which enbryonLc estrogens nay effect these requfrements:

a) by direct lnduction of luteal tissue PRL receptors; b) by increaslng

pitultary release of PRL (Netll, L974), whlch' 1n turn, induces lts o\dn

receptor; c) by facllltaÈfng PRl-tnduced PRL receptor and/or LII receptor'

since, chronfc estrogen treatment rüas shown Èo lncrease the capaclty of

rat ovarlan tissue to btnd gonadotrophln (Lee and Ryan, 1975); d) by

facilltattng LII lnductlon of PRL receptor' as lt does ln rat granulosa

cells (Rlchards, 1978). PRL nay also be lnportant in mal-ntenance of

luteal cytosol estrogen recept.or, as it is in the pregnant or pseudo-

pregnant rat (Gibori et aL., 1979).

Evidence strongly suggests Èhat embryonic estrogens ere associated

r¡ith maternal recognÍtlon of pregnancy and extenslon of corpora lutea

lffespan fn swfne. The mechanisms are unknown, but' may lnvolve one or

more of the theories presented. Undoubtedly, there is a dellcate balance

between luteolytic and luteotrophic mechanlsms requlrlng the Ínteractlon

of several endocrine factors acËfng ln concert'
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GENERAL MATERIALS AND METHODS

Ilormone Radioinrmunoassays

The radiofmmunoassays (RIA) routinely enployed in this laboratory

have been prevlously described ln detail (Connor, 1976) " Following 1s a

aur¡mary of these RIA fncludlng performance parameÈers pertLnent to the

determLnation of serum hormone concenLrations 1n the present experlments.

As wel1, a rnore detailed description of Èhe prolacÈin (PRL) RIA is

presented. Prior to these studies, porcine serum PRL had not been

evaluated in thls laboratorY.

Estrogens. The RIA procedure used for serum esfrogens (E) is baslcally

rhaÈ of Yu et al. (1974) without column chromatography" The speciftctty

of the estradlol-17ß (82-L7B) antiserun (ltO29-I4), obtalned from B.V.

Caldwell, Yale UnLverslty, has been described by I^Iu and Lundy (197I ) '

The E wtth the greaËest cross-reactlvity were estrone (63.7"Á), estrf-ol

(L8.77") and esrradlol-l7q, (5.1%). The RIA employed had a sensitivlty of

L2.5 pe.

Assays were seË-up to ensure thaÈ all seruu samples taken from a

single g1I-t during one cycle or treatment rùere assayed Ëogether.

DetermLnatLons were done in duplicatå. Pooled samples of gtlt serum lùere

included in each assay. For experLment I, the inter- and fntra-assay

coefflclents of varLation ¡vere 9 "9% and < LOT" respectlvely (n=12 as.says).

The four estrogen assays performed on samples from experimenÈs II and III

had an lnter-agsay coefficient of. L2.97" ar.d Lntra-assay coefflcients of

variation of < 87". The mean percentage recovery of added 3H-estra-

diol-l7ß (estradlol-l7ß-[O,Z-3n(n)]; New England Nuclear, Boston,
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Mass.) was 68.8 + 4,57" (tr-12 assays) for experLment I and 70.3 + 3"3% for

the four assays of experimenÈs II and III. Results llere corrected for

proeedural losses.

progesterone. Serum progesterone (P) rlas evaluated by the method of

Abraham er al. (1971) as nodtfied by Yuthasastrakosol (1975). The anEi-

serup (GDN 337) rùas kindly suppLied by G.D. Nl-swender, Colorado State

Unlversity. It eras ralsed Ín sheep in response to Lmmunization with

11 Ê - hydroxyprogesterone-BSA. The speclftcity of this antiserum vras

reported by Gfbori et al. (L977). When reactlvity of P was taken as

LOO%, the cross-reactfvtty was L397, with llß-hydroxyprogesterone, 4'4"Á

with 5rpregnane-3, 20-dione and ( 32 wtth other sterolds. The sensitl-

vity of thfs assay lùas 50 pg per assay tube'

Sertrm samples taken from an lndfvfdual gilt durlng one cycle or

treatment ltere assayed together. Samples llere assayed in duplicate'

Multipl-e estimatlons of P concentratlon 1n pooled samples of gtlt serum

were used to determine coefficients of varlatfon. For experiment I, Ëhe

inter- and intra-assay coefficienÈs of varLation' over 13 assays' Iùere

( 67" anð, 1 4%, respecEively. For experf.ments II and III the inter-assay

coefficlent of variaÈfon r¡as 13.8% (n=5) and the intra-assay eoefficlents

of varLation were < I47.. Added 3tt-p (progesterone-[1,2-3H (N)]; New

England Nuclear, Boston, l,fass . ) l¿as recovered by a mean Percentage of

88.3 + 5.8% (n=13 assays) for experf.ment I and 82'7 + 3'8% over 5 assays

of experl-ment. II and III samples. Results Iùere corrected for procedural

losses.

The sLandards used in both E and P assays Idere from Mann Research

LaboraËorLes, Orangeburg, N.Y" and used ¡viÈhout further chromatographic

purlflcation.
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LuËelnlzlng Hormone. The doubl-e-antibody RIA used for measuring seruu

lut,elnizing hormone (LH) was basically that of Nlsr¡ender et al' (1969) as

¡nodífied by Howland (Lg72). DeternLnatlons ¡¿ere perforned in dupllcate

and expressed fn teros of a porclne LH standard (tER 778-4) generously

supplledbyL.E.Reichert.Jf.rEuoryuniversltyAtlanta,Georgia'

purlffed oLH (LER-1056-CR for experlment I; NIAMDD-NIII-LH-21 for experi-

ments II and IrI) rùas labeled lrlth ]-257 (as Nar from Ne¡s England

Nuclear, BosËon, Mass.) in accordance with the procedures of Nlswender et

a].. (1969). Anti-oLII serum (GDN #15) was supplled by G.D. Nlswender,

Colorado State Unfverslty. The minLmum detectable LH concentraÈion'

defined as 951z of lnltial btnding, ranged fron o.o5 Èo 0'06 ng /nl (n=4

assays). For statlstical purposes, samples contalning less than this

concentratlon were assigned the minimum detectable level' By uslng

sampl-es of pooled gi1-t serum in each of the four assays the fnter-assay

and intra-assay coefficients of variation were determlned to be 10'3% and

1 6% tesPecti-velY.

prolacrln. The double-antibody RIA for porcine prol-actin (pPRL) followed

the same bastc procedure as that ernployed for serum LH' Both Èhe

purtfied pPRL (CH-I RR-2-75) and the anËl-pPRL serum (RAS-pPRL B-4) were

generously supplied by K'W' Cheng, University of Manttoba' l'Iinnlpeg

Manlt,oba. The antf.serum was used at a flnal dilution of 1:2000 and was

abl-e to blnct 25 to 357" of Èhe radfo-labeled pPRL ln the abscence of added

hormone. AltquoÈe of 2"5 yg pPRL 1n 5 yl of distilled waEer were labeled

¡¡lth L25y (as NaI, Ne¡¡ England Nuclear, BosÈon, Mass ' ) by the
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enploylng lactoperoxldase and

The assays condltlons were as follows. Each tube contained 100 ul

125ppRL (8000 cpE) in L% EI,I-P04-Aztde buf f er, 200 ¡1 anti-pPRl in

o.5"/. RS-PO4-EDTA buf fer (plt 7 .6) , 400-450 ¡1 of L7" EW-Po4-Aztde

buffer (dÍluent) plus sample or pPRL standard to make a Èotal primary

reaction volume of 800 ¡r1. DeterninaËions were done ln duplicate. AfÈer

5 days f.ncubatfon at 4oC the prlmary reacÈlon was terninated by addlng

200 ¡r1 of goat antiserum to rabblt ganma globulin (Antlbodies Incorp',

Davf.s callfornla) at a dilutlon of 3 parts antfserum to 7 parts

PO4Azide buffer. Tubes Idere fncubated a further 24 h at 4"C during

whlch Ëlme a white preclpitate fonned. Followfng this, tubes \{ere

vortexed, 1 ml of PO4-Azlde buffer was added and each tube was centri-

fuged (2000 RPM) for 25 rnfnutes. The supernatant was decanted and both

supernatant (free radioactivity) and preclpitaEe (bound radloactivtty)

were counted. A standard curve ldas constructed from the resul-ts of

assays tubes containinc o.2 to 16 ng of Èhe purified pPRL (CH-I RR-2-75)'

The sÈandard polnts were assayed tn tripl-icaEe'

prior Ëo evaluation of pPRL tn serum sarnples, lnhibitl-on curves lrere

establlshed. Figure 1 deplcts the RIA inhlbitfon curves plotted as 7"

bound (zBo) on a logft scale and concentration on a J-og scale' The

decrease 1n ZBo caused by lncreasing amounts of purified pPRL sÈandard

paraLle1-ed thaÈ of gtlt serum. Sftntlarly, lncreasing volumes of cycling

gllt serurn and lact.ating sow serum also showed parallelllsm" Additton of

large amounts (20,50 or 1OO ng/tube) of. FSII (NIH-FSH-P2) or PLH

(LER778-4) did noÈ decrease the ZBo"
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detectable PRL concentration,

fron 0.15 to 0.18 ngltube.

variation were ( IO"/" and ( 87"
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standard curve ltas such that the minimuro

deflned as 957" of tnftial btnding, ranged

The Lnter- and intra-assay coefficients of

(n=5 assays), respectively.

Statlstical Procedures.

Hornone coricentraElons following treatmenEs Idere artalyzed by analy-

sLs of varfance. Student-Newman-Keulst test was used to detect differen-

ces between Deans. Cornparlsons of cycle lengths (experiment I), hormone

concentrations at ovariectomy (experiments II and III), differences ln

ovarian characteristlcs (experimenEs II and III) and dÍfferences in spec-

tfic binding of hormone (experlments II and III) rdere tested by StudenËrs

t-test. These nere done ln accordance wlth procedures prescribed by

Steel and Torrle (1960).
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EXPERIMENT I

Effect of Single or Multlple InJectlons of EBtradiol-l7ß on the

Interestrua Interval and Hormone Levels in the Cycllng G1lt

The abtltty of exogenous estrogens to extend the interestrus fnter-

val in pigs has been known for over 20 years" Kldder et a1., (1955)

demonstrated that a sl-ngLe lnjectlon of DES (3 ng, 1n) on day 1l (day 1 =

lst day of estrus) slgniftcantly l-eng¡hened Èhe estrous cycle of gtlts by

6 days. I'fultlp]e lnjectlons started during the luteal phase, reportedly

extended corpora lutea llfeepan to between 53 and 111 days (Nishikawa &

I^Ialde, 1958, as reported by Denamur, 1968). Denamur (1968) summarized

the requiremenÈs for est.rogen-effected naLntenance of Pig corpora lutea

as dally lnjectlon of a mínimurn effectlve dose (whtch varled from 1 mg

for DES to 10 mg for estrone) fot 5-7 days starting no later than day 11 '

single lnjectlons of estrogens (Kldder et â1., 1955) as well as daily

injectlons started as laËe as day L4 of the cycle (Garbers and First,

1969) have been reported as being luÈeotrophf'c'

The sudden onset of esÈrogen synthesLs by pig blasÈocysts between

days 1-O to 12 post maËlng has been suggested as an embryonic signal to

prolong luËeal function. Presumably, exogenous estrogens E¿ty act

sinilarly. However, the mechanlsn by r¿hlch e8Èrogen exerts lts luteotro-

phtc effect Ls unknown. Stfnulatfon of Ltt release has been 6uggested

(Ktdder et al.r 1955), but the observed antagonism of prolonged elevated

serum P on esÈrogen-fnduced LII release (Foote et al., 1958) challenges

thLs l.dea. OÈher obeervaËfons thaÈ nultlple estradiol-17ß (E2-17ß)
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lnjectlons starEed during the l-uteal phase maintained cL P concentraEl-on'

lnhlbited ovarian follicul-ar grorüth and increased pltultary FsH and LII

levels (Garbers and Flrst 1969; Chakraborty et al., L972) I{ere inter-

pretedbyonegroup(GarbersandFlrst'1969)thatestrogenblockedLH

release, and by the other group (Chakraborty eÈ al., L972) to Euggest

estrogen sEimulaÈed LII release'

Thepltuftarylsnecessaryforelaboratl-onoftheestrogenluteotro-

phlc response (Anderson eL al'r L967; Denamur et al" 1968)' LH is

requl.redformafntenanceofcorpora]-uteaofearlyPregnancy(Spfeset

aI.,1967).Invltro,LllcanstlmulatePsynthestsbyluÈealtlssuefrom

gtltsaËnld-cyele(days8-10)orearlypregnancy(Cooketal.,1967)but

requires simultaneous esLrogen fnjectlons to prolong corpora lutea

functionlnhypophysecÈomizedsows(Denanur,1968).PRL'theother

pituttary hormone ofEen associated wtth malntenance of luteal actlvity in

sheep(KannandDenamur,lgT4)andraÈs(Nalbandov,L973>didnotaffect

porelnelutealPproductioninvltro(Cooketa1.,L967).Rollandet

al., (1976) demonstrated specific bindíng of oPRL by porclne luteal

tissue which increased in early pregnancy, but any relevance to GL func-

tlon is unknown. Estrogens have a well knorm stlmulatory effect on PRL

secreËfon 1n nany speel'es (Neill , Lg74; Macleod, 1976), but, Garbers and

First(1969)coulddeÈectnosignificantehangelnpltuitaryPRLconÈent

ln gilËs treated wtth E2-L7ß Materlal útas lfmtted, however, and

resultslterevarfable.Noneoftheseexperfmentsmeasuredbloodlevels

of hornones durlng esÈrogen treaÈment'

At the tlme thls experiment. was concepËual1zed, few reporËs \tere

avallabte concernlng how long the lnterestrus lnterval could be extended
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by exogenous estradiol treatment; nor, to our knowledge, had anyone

examined the serum hormone proflles durlng or after esËrogen administra-

tlon. As we1l, no reports of dally serum PRL concenlrations during the

porclne estrous cycle I{ere available'

Therefore, Èhls experiBenL was deslgned to study the effecÈs of rnld-

cycle single or nultlple lnjecÈions of E2-17ß on estrous cycle length

and serum concentratLons of estrogens (E)' Pr LH and PRL ln the gllt' In

addition, levels of serum PRL durlng the normal estrous cycle were of

fnterest.

Observatlons, treaËments and blood collectlons ltere conducted from

I'lay to December , 1977 "

Materials and Methods

Experlmental Animals

Crossbred gllts 6 to 8 months of age were housed in group pens and

checked t¡sice datly for estrus aÈ 0830 h and 1700 h" The flrst day of

estrus, deternlned by response to back preasure' uas designaÈed day 0 of

the cycle. Only gtlts whlch exhiblted two cofisecutlve estrous cycles of

normal length were used for this etudy. Ihrring the course of the experi-

menÈ gilts were penned indivtdually l-n metal-framed crates (0'6ra x 1'8

m) , \ùere exercLsed datly and observed for estrus. Each gilt Itas fed

approximateLy 2 kg per day of a balanced ratlon (ca" 132 Crude ProÈein)

and had access to rùaÈer at all tl'mes '

Treatnent I (1 1). Each of the four gllt6 used served as thelr own con-
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trol for one estrous cycle prior Ëo Èhe treatmenÈ cycle" At 0800 h on

day 10 of Ëhe treatment cycle each gtlt ldas lnjected intramuscularly

(fn), r*irh 10 mg of E2-I7ß ($-estradiol, slgna Gheroical co., st. Louis,

Mo.) tn 2 nl peanut of1. A blood sample was taken lnmediately prior to

Ëhe E2-17$ injectlon and subsequently every hour for L4 h. Otherwlse'

blood was collected dafly at O9OO h. The same blood sanpllng regf'me was

follor¿ed throughout the prevfous control cycLe. Vehicle only (2 nl

peanut otl) rtas lnJeeted 1n at 0800 h on day 10

Collection of blood samples was dfscontLnued

followtng E2' L7ß adminlstraEion.

of

af

the cont.rol- cYcle.

the flrst estrus

Treatnent 2 (T2). The four gllts used for T2 also went through one con-

trol estrous cycle prior to the treatment cycle. Each anf.mal was lnjec-

Èed, lm, \rlrh 10 mg E2-I7B in 2 ul peanut otl datly at 0800 h for flve

days starting on day 10 of the treatment cycle. Blood was collected just

prfor to each injeetlon then hourly for 14 h. Da11-y samples were taken

prior Èo day 10 and after day 14 untll the next estrus' Collectlon of

blood throughout the control cycle followed the saue frequency' Vehicle

only (2 nl peanut oi1) was lnjected according to the salne schedule as

E2 during the control cYcle.

Blood Collection and Handllng.

One to three days before the beglnnlng of the control cycle an in-

dwe1llngjugu1arcannu1a(si1astic;1.50mmI.D.,4.50

surgically tnpl-anÈed lnto each anl-nal. The only exception was gtlt i/978
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(TI) which had a caÈheter irnplanted about 6 weeks prior to thls experl-

ment. In each case, the cannula was externallzed on the center back at

the shoulders and secured in place" Sterile salf-ne containing 6 IU of

sodium heparin per ml was placed in each cannuLa between sample collec-

tions.

Each sampl-e (15 to 30 nl) was drawn lnto 15 ml vacutalners. Samples

were sÈored at 4"Q, then centrifuged wfthtn 24 h, at 3000 PM, for 20

mlnutes. The serum was removed and aliquots lilere stored in screw cap

vials at -20oC until assayed for P' E' LI{ and PRL.

Ilematocrit readlngs lrere done regularly, particularLy durlng the

hourly blood collecËlons on day 10 (T1) and days L0 through 14 (T2).

Results and Discussion

T1. The datly tnean hormone concenÈraÈlons throughout the T1 conÈrol

cycle are presented tn Ftg. 2. The proflles of serum P, E and LH are

si¡n1lar to Èhose descrlbed prevlously (Connor, L976, êt al., I976;

Henricks et al., L972; T1llson et al.,1970).

P levels rose raptdly wfthin 2 days of estrus (day 0) reaching

24.0 + 5.5 ng/rnl (nean + S.E.) by ð.ay 6. Subsequent to a peak of 31.2 +

6,8 ng/rnl on day 12, P declined raptdly to basal levels by 3 to 4 days

before the subsequent estrus, ât whlch tlne P concentrations \Jere

generally ( 1 ng/rnl.

After esÈrus, mean E levels rernalned between 18.5 and 35.0 Pg/ml

durfng the luteal phase. In general' seruü E began to rlse afÈer perl-

pheral P levels had begun to drop. Maximum mean E concenËraÈton of 80.4

+ 2O.7 occurred on day -1'
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Basal concentrations of LH durlng the luteal- phase rtere generally

below 0.6 ng/rnl in all gtlts. The lowest levels observed lùere on days 9

to 14, followed by a sustained lncrease after P had begun to fal-1 ' As

expected, the htghest LH level in each anLmal Iùas observed at estrus.

values in these anLmals dtd not exceed 1.6 ng/n]-, whlch is withln Ëhe

reported ranges of 0.6-4"6 ng/nl (Henricks et al', L972) and O'4-6'3

ng/rnl- (Connor eË al., 1976). The once datly blood collection schedule,

in the present study, could account for fallure to detect higher concen-

trations at estrus.

Serum levels of PRL fluctuaÈed sltghtly. During mosÈ of the luteal

phase of the cycl-e mean PRL concentratlons Irere beËIÙeen 7.4 + 2'5 ng/nl

and l-2.5 + 1.8 ng/rnl. Indlvidual PRL values lÙere generally between 4 and

16 ng/ml durlng thts tf.me. These are ln agreemenÈ wlth the recent

flndfngs of Dusza and Krzynowska (L979) that basal PRL levels in 4 
,sows

osclllaÈed bet¡¡een 3 and 20 ng/nl. Earller, Brlnkley eE aI', (L972)

sanpling only every second day, reporÈed that the average PRL

coficentraÈion, excluding the day of. esÈrus' \ras 14 ng/n1; at estrus'

l-evels were hfghest aÈ 36 ng/ml. A sharp elevatf-on of PRL at estrus was

also observed in several sows by Dusza and Krzymowska (1979). They

collected blood four tlmes between 07OO h and 1900 h each day" In the

anlmals Ln thls study, no estrus surge ltas noÈed. Etther PRL did not

increase Ln these gtlts at estrus or the elevaËion r¡as missed since only

one datl-y blood sample r¡as taken'

In the presenÈ study, the lor¡est levels of PRL Ifere on days 6

through 9. An lncreaslng trend appeared from day 13 reaehLng 16"6 + 4'6

ng/nl- on day -4. In 2 of the gl-lts, an Lncrease in PRL to 20 and 30
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ng/nl occurred 5 or 6 days before estrus " In the other E!ùo anlmals no

elevation was obvious. The hfghest PRL levels observed by Dusza and

Krzlnnowska (L979) were 4 days before onseË of estrus and was attributed

to plasma E presumably rising aÈ that tlme. A slmilar PRL surge'

attrlbuted to E stlrnulatlon' occurs 1n sheep jusÈ before estrus (Kann and

Denamur, Ig74). From our data no obvious relatlonship with other hormone

patterns ls apparent. An l-ncreaslng trend from day L4 on Eay be

assocf.ated with Ëhe declinlng P levels, but the lncrease l-n PRL preceded

the rLse in blood levels of E.

The daily hormone Levels throughout the treatmenÈ cycle of the same

four gllts are depicted in Fig. 3. Treatment wlth 10 ng E2-L7ß (in) on

day 10 signlflcantl-y extended (P < .01) the interesLrus interval from

20.00 + .41 days (eontrol) to 26.25 + 0.63 days (Ez - treated). Prior

to day 10, Èhe pattern and concenÈrations of P, PRL and LII were simllar

to the corresponding control perlod, although ln two animals, E tended to

be higher from day 0 than ln the control- cycle. 0n day I' serum from one

animal had an unexpected E concentratlon of 151 PB/ml whl-ch accounts for

the day 8 spike aeen in Ftg. 3. Pre-lnjection values on day 10 were

stnllar to those on days 1 through 7 '

After E2-L7ß lnJections, the hormone profiles of P' LH and PRL

resemble those of the control cycle; the maln difference being the tlme

period over whLch the relaÈive changes occur'

Mean serum E was L92.8 + 91.9 pB/rnl by day 11, decllned rapidly over

the next 2 days but remalned elevated during days L4 to 17 in three of

four gllrs. By day 18, levels (44.5 + 10.9) had dropped and approached

the preinJectlon mean value. Thts was foll-owed lumediately by a
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sustained, though variable, increase of E in all anLuals, concurrent røith

rapidly decllnlng p levels. Presumabl-y, from abouË day 18 onward r{te were

measurlng predominanË1y endogenous estrogens secreted by maturf.ng

fo1licles.

Serum p reached a peak of 44.0 + 6.7 ng/mL on day 11 afterwhlch tt

dropped over the nexÈ two days. It then plateaued between 23.4 + 2'4 and

26.6 + 3.7 ng/nl durlng days 14 to 17, before the rapid descent observed

during days 19 through -4 whtch 1s indlcatlve of luteal regresslon' The

more gradual lnitial decllne of perlpheral P, than seen ln the conÈrol

cycle, suggests sustained luteal activlty. In Pregnant gtlts, P levels

are no¿ maintalned at peak levels but decl-lne from maxLmal levels untll

abouÈ day 28, then very gradually decline throughout gestatlon (Robertson

& Klng, 1974).

On a daiLy basls, LH concentratfons appear relatively unaffecÈed by

E2 treatment. The levels were l-owest (days L1-L3) when P lÙas tt*tttt '

After day 19, LH Lncreased gradually to estrus'

sfuni1-arly, in three of Ëhe four gilts, PRL did not change following

E2 inJection. For one gilt, a surge to 60 ng/ml occurred on day 13. E

levels in rhis anLmal were 1ow on both day L2 (42.0 pg) and day 13 (45'9

pg). The peak mean value seen on day 20 is, again, attrlbutable to a

surge in one anlnal, whlch lùas noE assocLated r¡tth a correspondlng ehange

in the other hormones measured. The other Èhree gtlts had PRL concenEra-

Èions between 10-18 ng. As 1n the conÈrol cycle, there \das a trend

to¡¡ards increaslng PRL 5-6 days before esErus'

The changes in lndlvidual hormone concentrations on day 10 in con-

trol and treaÈmenË cycles are presented in Figs. 4 and 5. In the control
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periode serum E fluctuaËed llttle from the pre-inJectlon mean of 19.4 +

9.O pg/ml (Flg" 4). tr{fthin an hour of E2-L7ß Lnjectton, serum E had

lncreased (P ( .01) fron 33.2 + 8.0 pglml to 902 + 204.8 pglnl. A grad-

ual decltne occurred over the next L4 h. By 0800 h on day 11, E was

stfll elevated at L92.8 + 91.9 pg/nl. There \üere no significant changes

in blood P, PRL or LII concentratlons in the control or treatuent cycle on

day 10 (Ftg'. 5). Alrhough LH concentrations dtd not differ stgniftcantly

from pre-injection means, Èhe random fluctuaÈlons seen in LII levels fn

Ëhe control cycle rüere not as obvl-ous following E2 treatment ln the

treatmenÈ cycle. This Ërend became more aPParent ln the T2 gtlts glven

multlpl-e E2 injections (F1g. 10.)

T2. Gilts in the T2 group exhtbited a control estrous cycle length of

2L.04 + .41 days. Hormone patterns throughout the control cyele (Fig. 6)

were much like those in Tl conLrols (Ftg. 2). The maxlmum P concentra-

tfon of 35.5 + 5.3 ng/rnl was attained on day 13. Estrogens generally

remaÍned constanE beÈr¿een 1l- to 25 pg/nL fron day 1 through 15, through-

out the luteal phase. Peak estrogen values of 56.3 + 10.6 and 94'6 +

20.6 were reached at the flrst and second estrus, respectively. These

colncided r¡ith LIt concentraÈlons of 1.28 + 0.66 ng/nl and 0'53 + 0'29

ng/nl. As in T1 controls, the lowest levels of LH were observed durfng

nid-cyele (days 10-13).

À11 four gilts in the T2 control group exhibited an elevaËfon ln PRL

l-evels 3 to 5 days before esÈrus, whteh lasted for I ot 2 days. Until

day 16 (day -5) PRL flucÈuated between 8-17 ng/ml and was wtthin this

range agal_n by ð,ay -2. However, no surge r¡as noted aË estrus.
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cycle length to 28.75
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E2.17B on days 10 Èhrough L4 extended the

1.11 days (P < .01) (Frg " 7> " The four

individual- cycle lengÈhs r¿ere 28,26,30, and 31 days' However' this

extenslon \ùas not signlflcantl-y longer than that observed following a

slngle E2-17ß fnjectlon on day 10. \,¡tth Ehe exceptLon of PRL, the

hormone proflles prlor Ëo day 10 ln the treatment cycle (Ftg'7) were

slmllar to Èhe same perlod fn Ëhe control cycle. High PRL levels of 60

ng and 75 ng tn each of t!ûo gllts, one on day 2 and one on day 3, are

responsLble for the elevaÈed mean PRL level-s seen on Ehese days ' These

were not assocl.aËed with observable differences in P' LH, or E, and

occurred 2 and 3 days after the estrus E peak Ln Èhese animals ' After

day3,thePRLconcentratl.onsweresimllartothecontrolcycle.

Inthreeoffourgilts,Elevelsbeforedayl0werehigherthanthe

controlcycle,buttheconcenËraÈionwasnotunusuallyhlgh.

The rnaln effect of E2-L7ß treaËment appeared Èo be a prolongáttot'

of the mfd- to late luteal-phase Pattern of hormone secretlon (Fie'7>'

The dally serum P concentrations and proflles on days 10 through 14 are

sinilar to the control cycle and were not altered by E2-17ß admlnistra-

tLon. subsequent to a peak on day 13 (32.5 + 2.8 ng/ul) the decllne Èo

basal levels tras more gradual than in the control- period, taking 6 days

Èo fal-l below 5 ng/n1 ln the control cycle and 12 days in the E2

treatmenÈ cYcle.

ThedallyPRLproflle,daysl0through14,lsnotunlikeËhecontrol

cycle durfng the same perlod. These levels were sustained untll about

ð.ay 2I. In all gflts, an elevaLLon in PRL occurred 4 to 7 days before

the return to estrus and lasted 2 to 3 days fn three gtlÈs and 1 day in
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one aninal. Peak values, ranglng from 18 to 92 ng/nl, were 2 to 5 fold

greater than concenÈrations on Èhe day preceding the observed inereasing

trends. This did not apPear to be associaEed r¡tth changes ln E at that

tine buÈ slnce thls is based on only dally sanpllng, it ls not conclu-

sLve. PRL lsas again at luteal phase concentratlons by day -3' In two

gilÈs, PRL concenËratlon apProximately doubled bet¡veen day -1 (13'0 ng/rol

and LO.7 rrglr-L) and day O (27.2 nglmJ. and 19'6 nglnl)'

Ìlean LH concenÈrations during E2 Èreatment remaLned below 0'07

ng/mL and stayed below 0.08 ng/nl untll day 20' The sustained elevaÈlon

during the I days before estrus ls sinllar to thaÈ seen durLng the 7 days

precedlng estrus ln the control cycle'

E levels decllned rapldly over the 5 days following the last E2-

L7ß injectlon on day 14. Levels then remained souewhat elevated before

approachlng rhe pre-lnjectlon mean on day 22 (44.3 + 5.4 pg/nl). By thts

tlne the P concentration r¿as 12.1 + 3.9 ng/rnl and falling.

Frank et al., (1977) extended the ínteresËrus interval of gllts from

19 + .6 days (control; mean * sE; n=4) to 73 .7 + 24.2 days (treated; n=3)

wlth dally injectlons (sc.) of 5 ng EV on days 11 through 15' Maxf-mum

E2 levels of 210 pg/nl-, observed on day 17, were followed by a declfne

to 40 pg/nl on day 25. Levels appeared Eo be < f00 Pg/nl by day 20 "

These concentratLons, from days 20 to 25, are not unlike the ones obser-

ved in rhis sÈudy (by day 25 (day -3) E ¡¿as 39.9 + 9.3 pg/ul) " As ¡sas

noted in the presenË exPeriment, Frank and coworkers (1977) also observed

a fall ln perlpheral P from maxl.mum values unËil day 19. However, in

thelr gilte, P was malntafned at 10 to 15 ng/nl (sirotlar to PregnanË eni-

nals) beEween days 20 to 25 when blood collection stopped.
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The reasons for the discrepancy fn extended cycle lengths observed

here and those of Frank et a1., (1977) is unknown. They started treaË-

ment a day later (day 11) than we did, but maximum P concentraÈions were

reached a day later and the concenÈration on day 19 (16 pg/ml) was sirni-

1ar to that reported here (L9.2 + 1.8 ng/ml). Although EV injected 6c.

would effect a slower release and mafntain lo¡'¡er, yet sustained, elevated

E2 concentraËlons, the perlpheral E concentrations on days 20 to 25

appear sfnllar between the two studfes.

The hourl-y changes in serum E over the 15 collection periods on each

of days 10 through 14 of the control and Lreatnent cycles are shown in

Fig. 8. As expected, each EZ-L71 injectlon resulted ln a signlffcant

(P < .01) tncrease in l-evels of E. Maximum concentratfons, detected t h

(days 10,13,14) to 4 h (day 11) post-82-17ß injectlon, Ítere generally

followed by a rapld fall durlng the resÈ of the day. The htghest ievel

observed was 1380.3 + 164.7 pg/ml on day 13. Pre-lnjectlon means from

days 11 through L4 dtd not faLl belor¡ 235 pB/nl ln three of the four

anLmals. In one gilt, E was consistently lower and pre-lnjection

concentraElons on days 11-13, were < 150 Pg/nl . By day 15, E

concentrations were similar 1n all gllts (361.8 + 56.4 pg/nl) "

Serum concenÈraÈlons of P, PRL and Ltt durlng the frequent collection

period, days l-0 through L4, for the control and treaÈment cycles are

deplcted in Fig. 9 and Flg. 10 respeetlvely.

In the conÈrol cycle (Ftg. 9), each hormone fluctuated considerably

but there were no dffferences (P > .05) over the 15 h collection perlods.

With the excepÈ1on of the day 13 peak, P generally fluctuaËed between 19-
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2gnglmLinthefourgllts.MeanPRLlevelsremainedbetweens.4+2.I

ng/rnlantl18.8+1.7nglnl.Aswell,LHosclllatedconsiderablyoverthe

5 day perlod between 0'06 ng/nl and 0"42 + '18 nglrnl'

Durlng the E2-17 ß treaÈment period (fig' 10) there lilere no stgnif-

l-cantchanges(P).05)frompre-lnjectionIneansinserumPorPRLcon-

centratlons. Ilowever, there was a signlcanÈ difference (P < '05) in LH

concenËrationsondaylO.I^]lthfer¡exceptions,themeanLHlevelswere(

O.08ng/nlfrom1600hondayl0untlltheendofthefrequentsarnpling

period on daY 14 '

untll daY 20.

As Flg. 7 reveals, LII remaf-ned aE this basal 1evel

Therefore, Èhe maln effect of E2-I7ß on the hornones measured'

appearedtobeasuppresslonofLHpulsatll-esecreÈion.Theseresults

colncidewiththetheoryofGarbersandFirst(1969)thatthelncreased

ptËuitaryLllcontentobserveð'laE2-LTStreaEedgilts(daysL4-24)\JaS

due to an estrogen bl-ock of LII release' Às well' they contrá the

earlfer reporr of Foote et aL. (195s) concernl-ng the inabil-ity of exo-

genousesLrogen(2OngE2-L7ß)tostimulteLHreleaselnthepresence

of sus'aLned high blooil p levels, as would be presenË durlng nfd-cycle'

Sl-nilarobservaËionshavebeenmadelnsheep(Boltetal-.,1971;Howland

et al -, L[TL; Curnmings, 1975) and cattle (Hobson and 1lansel' L972)'

CirculatlngLI{levels!'ereatanadlrduringnid-cyclewhenPlevels

weremaxlmal.ThtslsalsonotedÍnewes(Itaugeret'aI.,L975;Bairdet

aL.,L975)andcows(Becketal.,|976)inwhichÈheresultsofreplace-

menttherapyfol-lowf-ngovarlecËomysLrggestbasalLl{releaseisunder

Jotnt repression by P and E (Hauger et al" 1975; Beck et â1" 1976)'

Consequently,lntheexperlmentsreport'edhere¡¡ithgtlts'exogenousE2
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may have further enhanced an exisËl-ng endogenous E-P suppressl-ve effect

on tonic LII release.

The lack of an observed fncrease Ln serum PRL levels during E2-L7ß

treaËment. rnay also be rel-ated to Èhe high luteal phase P levels. P has

been suggested Ëo inhibtt the sEfunulatory action of E on PRL release in

ovarl.ectomized ra¡s (Chen and Meites, 1970) and frou rat pituitary cells

in culture (Haug and Gautvik, L976). As well, Garbers and FlrsÈ (f969)

could deËect no slgnificant change fn pltuitary PRL content of gllts ln

which E2-17ß treatment $ras started during Èhe late luteal phase (day

14).

Conclusions

As lndicated by peripheral P concentrations, corpora lutea of gilts

injected with EZ-L7g were maintained beyond the normal llfespan. The

interestrus interval was significanÈly lengÈhened (P < '01) by elther a

sfngle tnjecrion of 10 ng E2-L7ß, ûtr, on day 10 (26.25 + .63 vs. 20.00

+ .4L days) or 10 rng E2-17$, iu, on each of days 10 through 14 (28.75 +

1.11 days vs.21.04 +.41 days). Flve datly lnjections did not lengthen

the estrous cycle stgnlffcantly more Ëhan did a stngle injectlon ' E2-

l-7ß treatnent caused prolonged luteal P productlon, iniEially depressed

serum LH levels, but did not affect perlpheral PRL concentraÈlons '

Daily pRL levels in cyclfc gllts remained fatrly consÈant throughout

the luteal phase. An lncreasing trend appeared 3 to 7 days before

estrus. Levels r¿ere basal prlor to the ffrst day of estrus. A minor PRL

surge at estrus Idas observed fn on1-y 2 of 4 gtlts following E2 treat-

nenr (T2).
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EXPERIMENT II

Effect of Estradtol-l7ß on

Luteal Tlssue

Hormone Levels, Ovarl-an Characteristlcs and

Receptors for Prolactin and LH

ProlongaËion of the llfespan of porclne corPora lutea by exogenous

estrogen administration requires an lntact hypothalano-pltuitary system

(Anderson et al., 1967; Denamur, 1968). Estrogen-stLmulated hypophyseal

1-uteotrophLn release, as thts ntght suggest' fias noÈ apparenÈ followlng

EZ-179 treaËment in exPeriment I'

Part of Ëhe estrogen mechanísm of actlon nay lnvolve a synergism

wlth a pitultary luteotrophic substance(s). Hypophysectomized so\rs

Ëreated wtth a cornbf.natl-on of LIt and E2 uaintained ful1y active corPora

lutea untll at least day 20 (Denamur, 1968). Cytosol E receptors have

been noEed in porcine corpora lutea (Cook and HunËer, 1978)' In vttro, n

augmented IICG-stlnulated P production (Goldenberg et al.' L972), and

enhanced 1251-1¡1 binding (Nakano et al., 1977), to porclne granu-

losa cells. The observatlon of Íncreasing luteal ÈLssue recepLor sLtes

for PRL durlng early gestaËion in the pig (Rolland et a1', L976) suggests

a dependency on Èhls hornone as pregnancy advances. In the pregnant rat

nodel,evidencestronglysupport'saluteotrophicsynerglsmbeÈweenLH'

pRL and E (Gtbori and Richards, Lg78; Day et 41., 1979; Keyes et â1"

1IgTg), parÈ of which fnvolves lnductlon and maintenance of luteal

receptors for these hormones. A co-operatlvlty beÈween these hormones in

malntenance of porclne corPora lutea beyond the normal cyclic lifespan
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maybePosslble.EoweverraËPresentrthepaucityofinformationcon-

cernlng the factors regulatLng 1uteal functlon 1n ewlne prevents Ehis

idea frorn betng ltttle more Lhan conJecture"

Experiment I demonstraËed that E2-L7ß rdas luteotrophlc, as

assessed by the fnterestrus Lnterval and serum P concentratlons' BuË, a

posslble mode of action remal-ned elusive" The Present experiment e¡as

designed to further lnvesËfgate a posslble mechanism of actfon of E aE

the ovarlan Ievel. Parameters of ovarian functlon evaluated included:

follicul-ar developEent; numbers and welghts of corpora lutea; and luteal

tlssue receptor bindlng of LII and PRL. Serum hormone concentratfons of

E, P, LIt and PRL, durlng and after treatment' \Jere lncluded to complement

resulÈs of experlment I and Èo provlde lnforrnaËion on the hornonal

environment at the time of tissue aasessment '

Thls experimenÈ was conducted from mld-April to nfd-June, 1980'

MATERIALS AND ì,IETHODS

Exoerimental Anlnals

Agroupof20gtltsconslsÈingofTManagra,TYorkand6Managrax

york, ranging Ín age frorn 186 to 199 days, IÙere moved fron the Glenlea

Research Farm to the campus swine barn for Lhls experiment. They were

malntalned ln group pens and observed twlce datly at 0830 h and 1700 h

for signs of estrus. only gllts exhibltlng one estrous cycle of normal

length were to be used. During the tlme of Èhe experimental ÈreaËmenLs'

the anLmale were lndivldually penned and fed similar to those in experl-
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ment I.

Experinental Protocol

Treatments Thls experinent was designed to have four groups of anlmals,

çülth four gtlts per group. Groups I and II were controls, Lnjected wlth

2 nI of peanut ot1 aË 0830 h on days 10 through 14 of the cycle (first

day of estrus = day 0). Groups III and IV were lnJected dally at 0830 h

with LO mg EZ-I7ß (Sigrna ß estradíol) tn on days 10 through L4.

Ovaríectomles r¡ere performed on day 15 of the cycle in Groups I and III

gtlts and on day 20 in Groups II and IV gilts. Of the orlginal 20

anfmals, only 14 exhlblÈed one normal estrous cycle requlred before being

assigned to a treatment group. One of these died under anesthetic r¿hlle

an ear vein catheter was being lnplanÊed. Consequently, Groups I, III

and IV each consisÈed of only 3 animals whtle Group II had 4 animals'

Blood Collection and Handling An lndwelllng catheter (Argyle, Intramed-

icut gauge 16; length 70 cn, Sherwood Medfcal Industrles, St Louls, Mo')

r¡as lnpl-anted into the ear vein of each gilt on or before day 9 of the

cyc1e. Anesthesla was mal-ntained throughout the cat.heterlzing procedure

wiÈh a 2.57. sollrtlon of Surital (sodiun thiamylal, Parke-Davis). Between

blood collectf.ons, catheÈers r¡ere filled wlth sterlle sal-lne conËafnf-ng 6

IU of heparln per rnilllliter.

Startlng on day 10, blood was drawn (30 rol) lnto 15-rnl- vacutainers

lrnmediaËely before the gllts were injected with ol1 or E2-17ß at 0830

h. SubsequenËly, blood r¿as sanpled (15 ro1) at 6 and l-2 h afÈer injec-
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tion. Thls frequency was maintained unÈil day 15. From day 15 untll

ovarfectomy on day 20, in Groups II and IV, blood samples were taken

twice a day at 0830 h and 2O3O h. Blood samples were taken at the tLme

of ovarlecÈony. ,Sanples Idere handl-ed and stored in the satne uanner as

experLmenÈ I.

Parameters lleasured Perlodic blood sarnpl-es were used to establlsh serum

hormone concentraÈLons just before and during E treatment' Slnce

experiment I had establfshed the hourly hormone profile after E2-L7ß

treatmenË, the less frequent collectlon interval 1n thls experl-ment was

intended as a monitor to ensure that the E was havlng a slullar effect in

Ëhese anlmals. Serum collected at ovariectomy \cas tntended to indicaÈe

Ëhe hormonal rnflleu whlch could be lnfluencing the ovarles af that time.

RIA ¡¡ere conducted as outlined under general maÈerials and meLhods.

Of particular Lnterest fn this experiment I{as the effect that E2-

17ß treatment would have on ovarLan characteristfcs. The ovarian charac-

terfstLcs evaluated for each animal at ovarf.ectomy included the weight of

the ovaries, the number of medfurn (3-7 nn) and large ()7 un) foll1cles,

the number of corpora luËea, the welghË of luteal tlssue, and luteal

tlssue recepËor bindlng of LH and PRL.

Collectl-on and ltandling of Ovarfan Tissue

Ovarl"ectonles ldere done ¡¡lth gtlts under general anesthesla

(surital; sodium thlamylal, Parke-Davls). A blood sample was taken fron

the ear vein or ear veln catheter at the tlne of surgery. Upon removal,

ovarles rùere Lmrnediately pLaced in iced salLne (0.97" NaCL) ' Subsequent
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evaluatl-on ltas done fn a cool room at 4oC. All buffers were at 4oC as

well . WiËhin 2 h of. col-lectlon, ovarles were Itashed wtEh 0'3 M sucrose-

25 nM Trls-IICI buffer, pH 7.6, Erf med of connecEl-ve tlssue, patted dry

and weighed. After welghlng, ovaries were kept on cheesecloth soaked in

the sucrose-Trls-IlCl buffer whlle belng examlned for numbers of medium

(3-7 m) and large (> 7 m) folltcles and number of corpora lutea, or

corpora albicanÈia, where no corPora lutea were obvious'

Tissue Receptor PreParation

As much of the preparation as possible was done at 4oC, otherwf-se'

tlssue was kept on l-ce at al1 times. Corpora lutea from the ovarfes of

each animal were decapsulated, dissected, weighed and placed 1n cold 0'3M

sucrose-25mM Trts-HCl buffer, plt 7.6, et a ratLo of 1:3 (wt:vol)' Where

corpora lut,ea rf,ere not vlslble (day 20, Group II gilts) ' corPora albt-

cantia were treaËed tn the same nanner as corpora lutea' llornogenization

was perforned using a polytron PT 10 honogenf-zer (Brlnkman Instruments'

Inc, I,Iestbury, N"Y.) at. a maximum speed for l ml-nute" The honogenate was

centrffuged at 15,000 x g for 20 rninutes at 4oC. The supernatant was

ffltered through one layer of cheesecloth then eentrlfuged agaln at

lOOrO0O x g for 90 ninutes aÈ 4"C to obtaln the total mfcrosomal pellet

¡¡hlch contains most of the broken cell nembranes (Shtu et al' 1973)'

Following centrifugatf-on, the supernatanÈ was draLned off and the pellets

resuspended ln lce-cold 25mM Trts-HCl buffer, pH 7.6" contalning 10 nlf

l"lgCL2, at a concentraElon of 1 nl buf f er per gfû of sLartlng tissue '

Each resuspended eample was dtvtded Lnto aliquots' 1n 10 x 75 nrn glass
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culrure Ëubes, (Kimble co LÈd") for subsequenË receptor and proEeln

determinaÈ1ons. Tubes ltere covered r¡fth parafilm and stored at -zO"C"

proÈeln contenE, uslng the nethod of Lowry et al. (1951)' \tas detenoined

jusÈ before the recePtor bindlng sËudies were conducted ' This was withln

6 months of collecÈ1ng Èhe tLssue'

Hormone Preparations

BoththeoLH(NIAMDD-NI[I-LH-21)andoPRL(NIH-P-S13)usedinthe

speclfic blnding sLudies Iùere supplied by the NIAMDD of Èhe Natlonal

Institutes of Health, BeEhesda, Md'

Radiotodlnation The oLII (NIAMDD-NIH-LH-21) was l-abeled wlth L25¡

(as NaI, Netr England Nuclear, Boston, Mass) uslng chloranlnê T' l-n

accordance wlth the procedure of Niswender et al. (1969). The speclfic

acrivtry of rhe 1251-su{ \tas 63 pCL/tt1. The oPRL (NIH-P-Sl2) rras

radlodlnated with L25:- by the lactoperoxidase rnethod of Thoreli and

Johansson (1971). The resulting speciflc activLty was t29 pCj-/l!;z" The

1125]'- opRL $ras kindly supplled for this study, from the laboratory

of H.G. Friesen, UnÍverstty of Manitoba' l'Itnnlpeg' ManfEoba'

Assav Procedures

spectfic blnding studies were done wLth recePtor Preparations from

each animal.

Speclfic nfnding of 125l-oltt. Írith the exceptlon of the luteal recePtor

preparatlons fron gllÈs f.n GrouP II , these studfes Iùere conducÈed ¡¿ith

0.51 + 0.07 ng of proÈein per tube. The afûount of protein used for
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Group II rsas 0.12 + .06 ng. The f.ncubation mlxture consisÈed of 200 ¡1

25f0M Tris-HCl buf f er, PE 7 .6 , conÈainlnC 10 DM MgCl2 and O "1"/" BSA

(lncubatlon buffer), 100 ¡r1 recepÈor preparaÈion (ca. 0.50 rng proËeln),

l-OO ¡r1 1251-6¡i1 (50,000 cpn) ln lncubaËlon buffer and f00 ¡r1 of

Lncubatlon buffer contaLnfng 0 or 1 ¡g of unlabeled hormone, for a total

voluEe of 500 ¡r1 . samples fdere l-ncubaËed 1n 10 x 75 mm glass culture

tubes (Kinble Co. Ltd.) at room temperature for 16 h. The reactfon was

termlnated r¡ith 3 ml of lce-cold incubation buffer. The bound (Bo) and

free hormone were separated by centrifugation at 2000xg, for 30 min, at

4"C. The supernatant rras aspirated with a Pasteur pfpette' The

membrane-bound 1251-e¡¡1 in the preclpltate rtas deÈermlned by

counting radloactfvfty in a searle (nodel- 1185) autoganma counter'

Binding of 1251-ol,tt 
'as determlned 1n trlpllcate for each

recepÈor preparaÈ1on. Nonspeciflc binding (NSs), deflned as the amount

of radioactivfty bound in the presence of a large excess (r J¡g) of

unlabeled hornone (oLH), \ùas detennlned in duplicate for each sarnple'

The percentage of speclflc bindlng 7"SB of 1251-6¡g to luteal tissue

recepÈor preparations \{as calculaÈed from Èhe formula according to Cheng 
'

(1e75):

7.sB = [ cpn bound to Ëhe tlssue ln the absence of unlabeled hormone - cpm

bound in the presence of a large excess (1 ,¡g) unlabeled hormone] x 100

/ total cpm puË lnto the tube.

Spectfic Binding of 125 I-oPRL.

1251-ePg¡ btndlng sËudies ltere

Except for GrouP II sarnPles, the

conducÈed wlth 0.90 + 0"24 ng of
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proËein per tube. The tubes for Group II anlmals conÈalned 0'18 + 0'12

ng protein. The assay procedure !{as the same as thaL for blndlng of

L251-s¡H except that the toEal volurne of the incubation mixture was

4OO p1. Thus, each tube in the oPRL btndtng assay contafned 100 pl

lncubaElon buf fer (25nM Tris-IICl, pII 7 "6, containf-ng 10 üM llgcl2 and

0.17. BSA) 1OO pl receptor preparation (1 Dg proteln) ' 100 pl

1251-sp¡¡ (50,OOO cpm) ln lncubatlon buffer and 100 ¡rl incubation

buffer containing 0 or 1 ¡tg oPRL. The incubatlon procedure, reaclion

ternLnatfon, separaÈlon of Bo from free hormone, determlnation of

Bo-radloact,lve hormone and the calculatlon of zsB were conducted

according to the ¡nethod outlined for oLH'

ResulËs and Discusslon

The bl-ood collectton schedule was not completed for all anlmals '

Blood samples were taken frorn one g1lt ln Group I (G I), four gl1ts ln

Group II (G II) and Èhree gtlEs in Group IV (G IV). Attenpts to lmplant

ear veln catheÈers ln two gllts 1n G I \ilere unsucceSSful. caEheters ln

Group III (G III) gtlts had elther been removed by the animals or ftere

non-functlonal rdthin 2 days of the beginnlng of the treatment ' InitLal

blood samples were collected from tfto G III g1lÈs following E2-17$ in-

jection and were analyzed to check the effectlveness of treaËment on E

levels. Responee, in terms Of elevated serum E, Idaa slmllar ln Èhese

gllts to Èhose tn G IV. Blood was collected from G II and G IV gllts at

the scheduled time on most,clays; exceptlons rùere one anlmal tn G II and

one ln G IV ln ¡¿hlch caÈheters losÈ patency after day L6' Whether or not
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caËheters reEalned patent, gllts were Ëreated according to Ehelr assigned

group and ovariectomLzed on Ehe deslgnated day of the cycle.

ResulËs accumulated fron one of Èhe four G II gilts was ellnlnated

from averagl-ng and staÈistlcal analysl-s. P 1evels were nondetectable

throughout the experLuent and E levels Ttere erratic and aÈ times unusual-

ly high (50 - 495 Pe/nL).

The mean (fS.n.¡ pretreatment estrous cycle length of the thlrteen

gilts was 20.9 + 0.25 daYs.

The hormone proftles fron day 10 until- ovarieetomy on day 20 for

control G II gllts are presented tn Fig.11. The pattern until day 15

may be considered represenEative of that expected in control G I gilts,

sl"nce these two groups \{ere treated slullarly durlng this period' In

general, the profiles in Fig.11, appear typlcal for this stage of the

cycle. The P concentrations ln these gtlts were lower than those in

experfment I, but are comparable to values reporÈed prevLousLy (Connor et

a1., Lg76). A maximum of 15.9 + 2.1 ng/nl on day 13 was follo¡sed by a

precipltous drop to ( l- ng/n1 by 2030 h on day 17. ConcenÈrations of LH

rdere generally < 0.5 ng/nl untll day 19. As well, mean E levels were

predonlnantly between 31"8 pgln1 and 64'9 pglml'

Except at 2O3O h on day 14, PRL remalned between 13'5 + 3'6 ng/rnl

and 2o.o + 4.3 ng/nl on days 10 through 19 of Èhe cyele. The rise on day

14 ts aÈtributable to a surge to 72 ng/nl observed ln one gilt' E levels

ln rhis gtlt had rfsen fron 29 .2 pglnL aE 0830 h to 53.2 pg/nL by 2030 h'

ConcenÈratlons of P were decltning ln this aninal and were 2 '8 ng/nl at

the Èlme of the PRL eplke. In experiment I there Iùas no obvious PRL



¡ L E cn c (l) c o (¡
)

an a) or
l o fL

30 ?5

Ë
zo

c t 
ts

cn E :r
o

rJ (]
R o È

C
on

?r
ol

 -
 G

ro
up

 tr

F
ig

ur
e 

11
. 

M
ea

n 
se

ru
m

 c
on

ce
nt

ra
tio

ns
 o

f 
pr

og
es

te
ïo

ne
, 

P
R

L,
 e

st
ïo

ge
ns

 a
nd

 L
H

 in
 g

ilt
s

in
je

ct
ed

, 
im

, 
w

ith
 p

ea
nu

t 
oi

l 
on

 d
ay

s 
10

 t
hr

ou
gh

 1
4 

of
 t

he
 e

st
ro

us
 c

yc
le

.
B

lo
od

 w
as

 c
ol

le
ct

ed
 i

r¡
rn

ed
la

te
ly

 b
ef

or
e 

in
je

ct
io

n 
at

 0
83

0 
h 

th
en

 a
t 

14
30

 h
an

d 
20

30
 h

 o
n 

da
ys

 1
0 

th
ro

ug
h 

14
. 

F
ro

m
 d

ay
 1

5 
un

tÍl
 

ov
ar

íe
ct

om
y 

(o
vx

) 
on

da
y 

20
, 

sa
m

pl
es

 w
er

e 
ta

ke
n 

at
 0

83
0 

h 
an

d 
20

30
 h

.

ã t

d
I ¡ I t t x

D
oy

l4 of

{ : E (t
r c $ I @ f\- F
. c l¡J J T J t.5 t.o

E
sl

ro
us

 C
yc

le

t6

o o b @ o, @ c (l, cf
r o L U
'

lrJ

20
0

- 
t5

0

- 
to

o

-5
0

o.
5

o\ O



6T

release ln response to E2 Èreatment durlng ntd-cycle and less frequent

sarnpllng after day L4 precluded close appraisal of relatlve changes in

pRL and E at proesËrus. Ilowever, if high circulatlng P exerÈs an inhtbi-

tory effect on E-lnduced PRL release (Chen and Meltes, L97O1, Ilaug &

Gautvlk, 1976) then the declining P 1n thls one G II anl-ual nay have

allowed Ehe rising E tlter to stimulate PRL release'

Similarly, elevaÈed PRL levels observed I to 3 days prior to ovarl-

ectomy would be 2 to 4 days before these gl1ts should have been fn

esÈrus. None of the G II gilts nere ín standing heat at 0800 h on day 20

but overt and behavioural signs lndlcated esËrus could begln wlthin the

îext 24 to 48 h. The surge to 81.5 + 8.5 ng/nl at Ehe tl-me of ovari-

ectomy is most likely a stress lnduced response (Ensor' 1978).

Mean hormone concentraÈLons of E2-L7 ß-treated G IV gilÈs are

depicted graphlcal-ly in Ftg. L2. From a pre-injectlon mean of 47 '4 +

15.5 pg/nl E rernalned above 224 + 24.L pe/nl unÈl1 day 16. By the tine

of ovarlectomy on day 20, the mean l-evel was 64.1 + 4.9 pg/nl.

There rùere no significant changes ln serum P, LH or PRL concentra-

tions following each E2-17ß lnjection on days 1-0 through 14 ' P changed

little from the day 10 pre-Èreatnent mean of 10.5 + 3'6 ng/nl-' Levels

declined graduall-y fron day 13 to 5.5 + 2.6 rlglmL by day 1-7. At the tlne

of ovarfectony on day 20, P ¡¡as sÈill at 6.2 + 1.8 ng/n1-" The observed

coricentratlons are lower than ln exPerfuent I and those of Frank et al '

(Ig77 ) . H.owever, the elor¡er decline than controls and malntained

elevaÈlon above basal values between days L7 and 20 are comparable, and

suggesÈ sustained luÈeal actfvity.
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As observed ln experf.uent I, the LH concentratione followlng 10 ng

E2-L7ß appeared Ëo oscillate l-ess than ln controls" ExcepÈ for one

gllt, aÈ 2030 h on day L2, LH levels tøere ( 0"2 ne/nL on days 11 to 20"

As ln experlment I, concentrations of serum ?RL on days 10 through

L4 ¡øere unaffected by E2 treaÈßenE" By the 0830 h collecËLon on day

l-5, pRL levels were slLghtly elevated above the prevfous collectlon level

in Ërùo anlmals and more than doubled Ín the thtrd gtlt" In this one

gl1t, PRL remalned elevated on days L6 and 17 between 53 ng/ml and 80

ng/nl; whfl-e E was decllnf.ng over this tfme perlod to L22'2 Pe/nl on day

L7 (2030 h). Ar ovarlectomy a sharp rise 1n PRL to 157 + 2.6 ng/nl r¿as

observed.

The situatlon w'fth the serum PRL proftle, at least¡ mâY be conpllca-

ted by the severe heat conditlons prevalent during part of this experl--

menÈ. Anbtent temperat,urea were 30"C to 37oC for several days' Slgns of

discomfort such as lrritabtltty and pantlng rsere frequently exhtbited by

eevera1 anfmal-s. Durlng thls pertod, the floors of the animal holdtng

area !ùere regularly eprayed lütth cold water and any anlnal showlng signs

of dlsconfort was treated elmtl-ar]-y" As well, physiological compensatLon

for the extreme heat oây have been more dffflcul-t for Èhe E2-treated

gllts slnce E can cauae f.ncreased cardiac output and systemlc hyperenla

(Dickson, 1977>. Consequently, ln llght of these factors, attempts to

relate changes ln PRL wlth other hormone changes muet be done with reser-

vaÈlon"

The hormone corcenÈratlons at ovariectony Ln the four groups of ani-

mals are presented tn TabLe 1 " There rùere no eLgnlfLcant differences f-n
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hormone concentraLions beEween control- and E2-L7ß-treated anl-mals ovar-

lecËomized on day 15 (G I and G III). In gtlts ovarl-ectornlzed on day 20

(GIIandGIV),Pwasmaintainedatasignlflcant1ygreater1eve1(P<

.Of) in E2-treated anlnal-s (G IV) than 1n controls (C II)' Levels of P

in E2-Ëreated groups were htgher, but not slgnificantly different from

conÈrols ovarl-ectonfzed on day 15 of the estrous cycle'

Serum concentrations of E at ovariectomy were highest in G III gilts

but. were not staÈ1sËically different from the oÈher grouPs. In G IV' E

levels were signtftcantly greater than ln G I (P < .01) but were not sLg-

nificantLy elevated above Èhelr corresponding control G II' The concen-

trations observed in G IV on day 2O are slmilar to Lhose seen on day 2O

in E2-treated gilts in experLmenË I, and those reported by Frank et al'

(Lg77) for gllts ln which the interesËrus interval lras extended by EV

adrnlnisÊration

AlÈhough LH levels Itere consisËently l-ow at ovarLecËomy in E2-

treated anlmals, Èhey were noÈ dífferent (P > "05) between grouPs'

pRL concentratlons did not dlffer slgnlflcanÈly beÈween correspon-

dtng conÈrol and E2-lnjected groups ovariectonized on the s¿rme day of

the cycle. I{owever, PRL levela were slgnlflcantly hlgher fn G IV gilÈs

at ovariectony on day 20 than ln gl-Lts ovariectomized on day 15 (G I, P (

.01; G III, P ( .025). In rats, the PRL release response to ether stress

can be nodifted by sex steriods, being increased by E treaËment and

decreased by P (Reier et â1. , 197 4). If this \rere applicable to plSs 
'

then the lor¡er PRL response to stress aÈ ovarLectomy in G I and G III

gilts nay have been due to a moderatlng Lnfluence of sustalned elevated P
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levels characLerlstlc of Èhe nl.d- Èo late luteal phase. Gilts 1n G rv

dld have higher E concenrraËions than G I animals (P < .0f). Although P

levels r{ere not dif f erent betr¿een the groups, P levels ln G l ad

decllned from the m¡xlmum ¡old-luteal phase values for several days. Thfs

may have allowed an E-enhancement raEher than P-lnhibition of PRL

release. Thfs ldea is, of course, hfghly speculaÈlve. The high amblent

teBperatures, lndivfdual animal response to sLress and E2 treatment

could all be involved. But, based on these lfmlted observatlons' tt

appears that E2 Ereatment did enhance the PRL release response at

surgery in G IV gilts.

Result,s from Lhe evaluatlon of ovaries collected from the four

groups are presented in Table 2. Both conlrol groups (G I and G II) had

an average of 4 Ëo 9 mediun slzed foll-lcles (3-7 rnn) and G II had 10'3 +

1.4 large folllcles (> 7 mn). None of the ovaries of Ez-treated gllts

had follicles ) 3 mn. These results agree wlth several earller reporLs

that E2 adminlstration supPressed development and nalntenance of folli-

cles beyond the 3 to 4 nm stage (Foote et al., 1958; Garbers and FlrsË'

1969; Chakraborty et aL., 1972)'

The number of corpora lutea Iùas not affected by E2-I7$ and no

newly formed corpora lutea were not.ed. Gilts tn G II dld not have cor-

pora lutea and only corpora alblcantla (CA) were observed and collected '

The number of cA and uaintafned corpora lutea in the other groups are

s lmLlar .

Although corPora lutea

through 14 and ovarfectomized

fron gilEs treaÈed wlth E2 on daYs

on day 15 (G III) were heavier, on a Per

10

CL
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Table 2. Ovarian tharacteristics of Gilts
Es tradiol -L7 ß and -Ovariectomized
the EsËrous Cyclel

Treated
on Day

with Vehicle or
15 or Day 20 of.

Number of Follicles Corpora lutea
Day
of Individual

cvcle 3-7 m

9.33!5.2r

4.33!0.67

0

0

>/ nrm

0

10.3!1.45

0

0

13.0!1. 15

13.3r0. BB*

13.010

LL.7!2.I8

230 . 7138.0

67 .7!L6.8*

331.0152.0

283.7 !3 .5

Number weieht (ne)

II

III

IV

15

20

15

20

h"l.r." expressed as mean ! S.E.

*Corpora albicantia.
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basls, than their conÈrols (G I), thls difference ¡Eas not signlflcant.

Anfmals injected with 82, and ovarf.ectouized on day 20 (C IV) had

average CL welghts slmilar to both groups ovarfectonized on day 15.

The results of blndlng experiments r¿1th subcellular particles of

corpora lutea and albfcantla are sumoerLzed in Table 3. Luteal Èissue

fron E2-treated gflts bound significanÈly greater (P < .01) amounts of

oLII than did controls (G I) ovariectomized on day 15 of the cycle.

Specific blndlng of oLH more than doubled after E2-L7ß treaËment.

Recently, Zfecfk et a1., (1980) measured and characterlzed porcine luteal

LH receptor during Èhe estrous cycle and early pregnancy. Total LII

receptor concenËratlon in corpora luÈea of pregnanË plgs changed lfttle

between days 16 and 20, but, Lncreased more than Èhree fold compared Ëo

luteal tlssue from day 16 non-pregnant Ptgs. Between day 20 and day 30

of gestatlon, a dramatlc Lncrease 1n concentration of LII receptor was

noted; at a time when uaxfmum quantitLes of esÈrone sulphate aPpear ln

the rnâternal cLrculatlon (Robertson and Klng, I974). The present results

demon6trate that adml-nlstratl-on of exogenous E can increase specffic

binding of LII, suggestfng an lncrease in the nunber of available receptor

slËes.

MaLntenance of the CL of early pregnancy fn the ptg depends, Ln

part, on cfreul-atlng LIt. Adninlstration of LII antLsera on days 25 to 29

resulted ln a prompt fall in P concentratlon (Spfes et a1., L967). IIow-

ever, reports of seruo LH levels during early pregnancy are conflictfng

(Ttllson et â1., 1970; Henricks et al., I972; Ziecik et ê1., 1980).

Whether LIt levels are eLevated, low, or slnilar to values in cycllng
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Table 3. Percent Specific
Tissue Receptor
AdmínÍstrationl

Binding of oLÌI and
Followíng Vehicle or

oPRL to Porcine Luteal
Estradiol-17ß

Day of cycle 7.

Group ovariectonized per
SB of oLH
mg proËeín

% SB of oPRL
per mg protein

II

III

IV

15

20

15

20

6.45xt.oa

0b

14 .0013. g0c

L6.70!r.zLc

2.51t0. B3a

Ob

2.44!O.g2a

3. 68t1.654

1v"1rr." expressed as nean t S.E.

t'b'"M."rrs with different superserípts wiÈhin a column are signíficantly
different (P<.01).
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animals Ls not certal.n.

During the esErous cycle 1n the plg (Ztecik eE â1., 1980) and ewe

(Niswender and Dlekman, L979) the total number of luteal receptors for LH

1s greatesÈ at Èhe tLme of maximal P production, which colncldes wlth

basal seru6 LII concentratl-ons. In fhe evre, P production remains htgh

during early pregnancy, Berum LII is low and LII receptor concentration is

not dlfferent from day L2 of the cycle to day 12' 16 and 20 of. Pregnancy

(Niswender and DLeknan, L979). Therefore, r¡hlle P production ln the plg

ts maintalned at less than m¡xlnum luteal phase levels during early

pregnancy, a requlrement for LII support of luteal functlon durfng this

pertod need not be reflected by elevated serum LII. Thus, the low serum

LII proflle seen here following E adntnLstratl-on nay be comparable to the

pattern in early gestatlon.

Consequently, pârt of the E2 luteotrophfc effect üay be rnedlated

by increasing aval-lable blndtng sites for Ltt. Chronic treaÈmenL wfth E

was shovJn Ëo lncrease the capaclty of rat ovarian tissue to bind gonado-

Èrophin (Lee and Ryan, 1975). This üra6, presurnably, a result of elevated

pRL. Ilowever, ln the present study no elevation in PRL levels ltas obser-

ved followfng E2 treatment. This does not preclude a posslble facilia-

Èion of PRL lnductLon of LII receptor, whlch would not requLre elevated

serum PRL levels.

Adnlnlstration of E2-17ß dld not slgnlftcantly alter corpora lutea

bfnding capacity for oPRL (Tab1e 3). The observed binding 1s similar to

the speclftc bfnding of oPRL reported for luteal phase corpora lutea by

Rolland et â1., (L976), who also observed some specific blnding by CA
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(L"27"). In Èhe present study CA did not show specfflc bindlng of PÜ,

but the quantlty of tissue was liml-ted and Ëhe auount Per assay tube may

have been lnsufficlent.

Rolland and coworkers (L976) also noted thât 1uteal tissue from

early pregnancy (ca. days 32 to 46) bound approxlmately Ëwo to flve tLmes

as much oPRL as corpora lutea of the estrous cycle. However, tfssue from

earlÍer 1n gestation was rioÈ examined, so r the tí¡ne course of changes 1n

luteal PRL receptor prlor to day 30 are not knoq¡n, aL present.

Conclusl-ons

The effects of five dally injecËions of l-0 ng E2-L7B (days 10

through L4) on serun hormone profiles and porclne luteal functl-on were

consistent with the observatfons fn experlnent I. Luteal P productf-on

was maíntalned unÈil ovariectomy on day 20, serum LH remained lor¡ and no

inmediaÈe effect on PRL secreEion was apparent. Hornone concentttarorr"

at ovariectony on day 15, \ùere noË dlfferent (P > .05) bet¡¡een control

and E2-treated groups. In gtlts ovariecÈonÍzed on day 20, only P

levels were slgnlficantly different (P < .01) beÈween controls and E2-

treated anlmals; belng nalntained fn the E2 grouP at levels couparable

to both control and E2-treated gilts ovarfectomized on day 15 "

Adrnlnlstratfon of E2-L78 inhtblted ovarian follfcular growÈh

beyond the 3 mm stage, maintained CL weighÈ and more than doubled specl-

fic blndlng of oLII üo luteal tissue receptor preparatfons. Speclflc

blnding of oPRL to corpora lutea receptor preparations rtas unaffected by

E2 treatEenË.
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Therefore, aË least part of the luteotrophic potential of E2 1n

pig appears Èo involve lncreaslng avaflable luteal binding sltes for

The nechanlsn of thls actlon is not clear, but a synergism between

LII and PRL cannot be ruled out at thls tlme.
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EXPERI},ÍENT III

Effect of Short-Ëern BromocrlpÈine on Hormone Levels, Ovarian

characËerisÈics and Luteal Receptors for ProlacÈin and LH.

The procine CL of Ëhe estrous cycle is comnonly consfdered to

function autonomously, wlÈhout requlring hypophyseal suPporE (Nalbandov'

1g73, lrg76>. Ilowever, investigations utllizlng hypophysectomLzed pigs

lndicated thaÈ, although CL development and P productlon following

ovulatlon and lutelnl.zaËion may proceed normally untll about the nld-

luteal phase, pltultary luteotrophlc EupPorË was necessary for attal-nmenË

of maxLmr¡m norphologlcal and functlonal fntegrity beyond thls polnt

(Anderson et a1-., 1967; Denamur, l-968). The nature of thls requlreuent

has not yet been deflned and the posslbllity that LH and/or PRL uay be

involved can noÈ be excluded.

porclne l-uteal tlssue collected around nid-cycle (days 8-10, Cook et

al., 1967; days 11--14, I.Iatson and Leask, 1975, l,laÈeon and !{rlgglesworth,

Lg75) responded to in vLtro additlon of LII by lncreased P productlon'

More recently, Ziecl-k eË al., (1980) demonstraÈed that porcine luteal

concent,ratlon of LII recepÈor more than doubled between days 6 and 10 of

the cycle and was maxlnal on day 12. These results support the concept

of a physlologlcal role of LII during normal porclne CL funcÈf'on'

There ls l-ittle evLdence lnpLfcatlng PRL as a luteoÈrophic horroone

|n the Ptg" Eowever, the demonstratlon of increased speelflc bfnding

siËes for pRL tn cyellc luteal- tlssue (Rolland et a1., L976) above thaL
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ln granulosa cells and corpus henorrhaglca (Rolland and Hammond, L975)

does suggest that PRL has a part ln normal cyclic luEeal acËiviÈy'

To our knowledge, no one had attempted to inhiblr PRL secretion ln

the cycling g|lt and assess tL functfon. Therefore, this experlment was

planned fn an altempt to lnvestigate Ehe necessity of PRL secretlon for

mainÈenance of cycllc corpora lutea. Gilts were lnjected with bromocrip-

tLne, a speclfic inhtbitor of PRL secretlon, for I days startf'ng on d'ay 4

of the cycle. Presumably, by thls stage of the cycle, corpora lutea

would have reached approxirnately half naxLmal activiËy in terms of P

production. 0n day 11, gl1-ts \tere ovarlectomized and the ovarles assess-

ed for foll-fcular development, numbers and welght of corpora lutea, and

luteal tissue btndtng of oLH and oPRL. Blood sarnples collected Ëhrough-

out Ëhe trlal were assayed for P, E, LII and PRL'

Thls experimenÈ was conducted 1n June, 1980'

MATERIALS AND METHODS

Exoerimental Aninals

Ten cycling gllts (6 lfanagra, 2 York, 2 Crossbred), 218 to 262 days

of age, \rere brought lnto the canpus swine barn from the Glenlea Research

staEion one to Ëhree days after estrus ¡sas observed. Five animals fitted

wiÈh ear catheters were nalntaLned in lndividual crates as l-n experiments

I and II. The oÈher flve gtlts were group-housed ln an adjacent pen

Ëhroughout the course of thls experiment '

Exoerimental Protocol

TreatmenËs. The gtlts were divfded lnto ttdo treatment groups. Dally' at
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O83O h, the five aninals fn the control group lüere lnjected, 18, Idith 1

nI 60"Á ethanol-sallne (vehicle) for I days startlng on day 4 of Ëhe

estrous cycle. Flve gllts ln the bromocrl-ptine (Br) group were treated

slrnflarl-y with 10 ng Br (BronocriPËin-Mes1laÈ; Sandoz Ltd., Basle,

Swftzerland) dissolved in 1 n1 vehicLe, on each of days 4 through 11 of

the cycle. On day 1l- of the cycle each anlmal &tas ovarlectonized.

Ovarles r¡ere evaluated and ELssues prepared for receptor studies.

Blood collectlon and llandllng. Due to an unavailabllity of catheter nat-

erial-, only five gtlts lfere successfully fitted with ear-vefn catheters'

Two control anl-nals and three Br-Ëreated gilts underwent ear-vein cathet-

erizaÈlon on day 3 of the cycle. The maËerials and procedures enployed

were the same as those for ani¡nals ln experimenË II. Blood (15-30 nl)

Iras collected fnmedlately before the morning lnjections aË 0830 l and

again at 2030 h on days 4 to tl. On day 11, the morning sampl-e was Èaken

as usual, before treaÈment. A sample r¿as also taken from each of the 10

gllts at ovariectony.

Samples were handled and stored accordlng to the outllne in experl-

menÈ I.

Parameters Èfeasured. These were basically the same as those ln experi-

menÈ II. Serun sanples were assayed for P, E, LII and PRL by the RIA pro-

cedures reporËed in experiment I. As Ln experirnent II, the ovarlan char-

acterlsties examined lncluded numbers of nediun (3-7 nn) and large ( > 7

Dn) follicles, the appearance and number of corPora lutea, welght of

luteal tlssue and luteal Èlesue recepÈor blndlng of LH and PRL.
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EvaluaËl-on of Ovarfan CharacterlsElcs

Ovarian tf-ssue \das collected, handled, examl-ned and prepared for

l-uËea1 tissue receptor studles accordlng to the procedures outlined in

experimenÈ II uaterlals and rnethods.

Spectflc bindfng of125 l-Labelled oLH and oPRL" The receptor prepara-

tlons were assayed for specific bindlng 1n the same essays as tissue from

experiment II. As wlth experiment II g1lts, %SB was deteruLned for lndi-

vidual receptor preparat,ions. The amount of Protein per tube was 0'48 +

O.06 mg ln rhe 1251-e¡¡1 bindlng study and 0.93 + 0.15 rBg in Ehe

assay for SB 6¡ 1251-ePP¡.

Results and Discusslon

The pattern of hormone secreÈlon deplcted for the two control ani-

nals ln Fig. 13 (top) was eonsistent with the observations in experlment

I and prevl-ous reports for thls stage of the cycle (Ttllson et al ', L97O;

Henrlcks et â1., L972; Connor et al., L976). Mean concentrations of

serum p rose from day 4 and stayed above I ng/nl unt,ll ovariectomy on day

11. E levels changed ltttle durlng the coLlecËion perlod, usually

remalnlng between 30 and 49 pg/nL. Osclllatfons in LII, resultlng in a

slgnificant a.m.-P.r¡. lnteraclion (P < "05) \dere most apparent fron day 7

onward but concentraËl-ons were general-ly < 0.7 ng/rnl ' Levels of PRL

fluctuated between 7.7 and 13.9 ng/n1 from day 4 until day 11' At

ovarfectomy on day 1l- a surge to 71 ng/nl occurred'
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Bromocriptine adminlstered to three gilËs on days 4 through 11 of

the cycle dfd not slgnlflcantly a1Èer PRL secretion nor affect luteal

function as assessed by perlpheral P concentraÈions (Fig. 13, botton)'

Serum P lncreased from day 4 ln all anf.mals, as it did ln controls '

peripheral LII levels were not slgnl-fieantly affecËed by Br treatment buÈ

the a.m.-p.m. fluctuat.ions observed ln the control gtlts rtere noË

obvious and mean values remained below 0'4 ng/nl'

Dally treaËmenË Irtth 10 rng Br did aPpear to effect some lnhibltion

of PRL secreÈlon, a1-though lt lras noÈ slgnlficant. Levels of PRL de-

creased from the day 4 pre-lnjectlon mean of L2-9+ 2.8 ng/n1 and a

decl-ining trend ¡¡as noted over the nexË two days. Fron day 6 untll day

11, concentra¡lons stayed below 9.3 + 2.3 ng/u.L. Levels belo¡¡ 4'2 ng/nL

\rere not deÈected ln any of the three gllts. The most obvious lndication

thaÈ Br r¡as able to lnhibit PRL release occurred at ovariecÈomy' None of

the BrtreaËed gtlts showed a surge of PRL at the tlme of ovarióctomy

(Table 4.), whereas, PRL level-s in the control- animals aÈ this tfme r¿ere

signlficantly elevated (P < "01) and were simllar to the eLevaËed PRL

response observed aÈ ovarlectomy in experlment II' This observed sup-

pressfon ls consl-stent wlth the abllity of Br to tnhibit PRL secretf'on'

Ln oÈher specfes, under condlt.lons r¡hen PRL output ls normally stimulated

by physiol_oglcaL, pharmacologlcal or surglcal means (Fluckiger, 1978).

Table 4 also shows Ëhat Br did not affect the concentrations of E'

P, or LII as assessed in all- anLmals at ovariectomy'

Therefore, iË appears Èhat bromocrf.ptine can suPpress PRL tn gl1Ls,

but the dose enployed was insufficfent to decrease levels belor¿ 4 ng/nL"
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Table 4. Serr:m Hormone concentrations aË ovariecçoEy on Day 1l in
Control and Bromocriptine Treated Giltsl

Progesterone Estrogens LH Prolactin

"roon iír/rr) (o*/rr) (trrlrr) (ttrlrr)

Control
(n=5)11.1!0.9345.7!6.60.1310.0396.2!L6.L*x

Bromocriptine
(n=5)g.2!0.g033.814.90.23!0.0410.1812.23**

lv"lrr." expressed as mearr I S.E.

**P< .01.



BO

Lo¡¿er serum PRL levels nay have been achleved before the LZ h post-

injection blood sampl-e, but the presence of substantial amounts of clrcu-

latlngPRLatthetlmessaropledlndicatesLhaÈanysignificant

suppresslon was short-lived "

Iner¡es,dailydosesof0.Sto2ngofcB-154(ergocrlptlne)effect-

ivel-y tnhlbtted PRL secreÈfon (Kann and Denamur, L974; Land et â1.,

1980). Sirnllarl-y, at this institutfon, 2 to 4 rng of Br per day was

effective Ín rams (sanford, unpubllshed observaÈions) ' As well' Klser et

al.,(Ig7g)reportedthat60ngCB-l54depressedSerumPRLlnbullsfrom

64 ng/nl ro 3.1 ng/nl- ¡¡lthln 6 h of lnjectlon' ConsequenÈly' aE Ehe

outset of thls experinenË, lÈ was felt that 10 ng Br would be adequate to

suppress PRL tn the gflts used. The only report avallable uslng the pig

model dealt with lactarlng sows (Kraellng et al- ., 1979). The dose of 120

rng CB-154, seemed excessive for the PresenE experimenÈ' l¡hen results ln

other dornestic specles and the physfologlcal staEus of the gllts ln this

studywereconsidered.InreÈrospect'thisrnaynotbeso,slnceevent'he

dosageusedforlacËatlngsowsdidnotsupPressPRLleve].sËobelowTto

10 ng/nl from a pre-l-nJecLion mean of 45 + L3 ng/nl (Kraellng et al"

1979).

Eval-uatlon of ovarles collected on day 11 dld not reveal- any consJ-s-

tent effect of Br on gross morphologfcal characEeristics (Table 5) ' BoÈh

corpora lutea nurnbers and welghts rvere not dlfferenË between conÈrol and

Ëreated groups. stnilarly, ovarian folllcular developnent up to the 7 mm

stage was slnllar beÈween groups. Ilowever, two of the five Br-treated

gllts had follicles ) / mm. The ovaries of one of these gtlts contafned
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Table 5. Ovarian Characteristics of Control a4d BromocrípËíne-Treated
Gilts on Day 11 of the Estrous Cycle-

Number of follicles Corpora lutea
Individual

Group 3-7 m >7 mm Nr:mb.er weight (ng)

Control
(n = 5)

BromocripLíne
(n=5)

4.4tL.9 L2.L!L.L 363.2!69 .6

4 .6xL.4 4.2!2.6 L3.4!L.2 4L9 .6!50.3

1v"1rr"" expressed as mean t S.E.
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one cystlc follicle and 3 of 10 corpora lutea also appeared cysËic ' Pro-

longed administration of cB-154 to dogs has been reported to result ln

cystic fol1tcles and cystic corpora lutea (Grlfflth and Rlchardson,

1975), buË ne are noE aware of any such effects accompanying short-Ëern

Br treatment ln large domestlc animals '

Table 6 summarizes the results of the speelfic bindlng studies '

speclflc binding of oLH Lo luteal recePtor preparatlons \{as sl¡oilar ln

control and Br-treat.ed groups. As well, oPRL bindlng Èo luteal tissue

was not significantly altered by Br treatment' although, specf-fic bindlng

tended to be lower ln the Br grouP'

clrculating pRL levels were still wlthin the phystologtcal- range for

the l-uteal phase (experfnenÈ I and II; Dusza and Krzymowska, L979) during

Br treaËment and no effects on ovarian characterlstics Ifere noted '

Therefore, âûy concluslons regarding a luteotroPhic requlrement for this

hormone during cycllc porcine 1utea1 developmenÈ and function t"ttr"

speculative. Presumably, lf Br admlnl-stration had been auccessful' a

requLrement for PRL nay have been reflecÈed by decreased P concentra-

tions, a decllne in luteal- LII receptor (Grinwich et al' ' 1976, tr'Iaters et

a1.,197s)and|otachangelnPRLreceptorbtndtng(I^Iatersetâ1.,

1978).

ConclusLons

Datly fnJectlons of 10 ng Br to gllts for 8 days startlng on day 4

of the estrous cycle had no slgniflcant effect on perlpheral PRL concen-

traÈlons, nor on luteal P producËion. Serum PRL levels did decllne fol-

lowlng Br adnlnl-straËlon but remalned above 4.2 ng/nl, as assessed aË
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Table 6. Percent Specifíc
TÍssue FollowÍng

Binding of oLH
BromocrÍptine

and oPRL Ëo PorcÍne Luteal
Treatmentl

Group
Number of
anim:1s

Day of cycle
ovarfect.onized

% Specific binding per
ng Þrotein

oLH oPRL

ConËrol

Brouocriptine

11

11

L0.70!2.84 2.32!0.5g2

10 .4611.18 L.57 !0 .26

1-Values expressed as means t S.E.

2n = 4.
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lZ h lntervals. Bromocrfptlne effectlvely blocked Ehe PRL response Eo

stress at ovariectomy on day 11" Corpora luEea nurnbers, welghts and

receptor binding of LII and PRL were not signl-ficantly affected by Èhe

8-day Br-treatmenË "
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GENERAL DISCUSSION

ResulÈs presented hereLn agree with Èhe docunented abtlity of

exogenous estrogen admlnLstratLon, begun around mid-cycle, to prolong

porclne cyclic corpora lutea llfespan (Kldder et al.,1955; Nfshikawa and

I,laider 1958; Gardner et al.r 1963; Garbers and Ffrst,1969; Chakraborty

et al., L972; Frank et a1., 1977, llahaboob Basha et a1., 1980; Ford and

Magness, 19g0). In additlon, these investlgatlons characterlzed the

serum hormone profl-les of E' P' LH and PRL during and after treatment

wtËh E2-17ß and effects on luteal recepËor binding of LII and PRL' areas

which hl-therto have fiot been studled ln the Pig. The maLntal-ned cL

welght and serum P pattern following E2-L7ß treaEmenÈ are simllar to

Èhat seen ln the early stages of Pregnancy in swlne. The luteotrophlc

actlon of E ls, l-n fact, considered by some to mimÍc the embryonic signal

for maÈernal recognltlon of pregnancy whlch occurs around ð'ay L2 1n Èhe

pregnant pig, coincldent \ùlth the onset of blastocyst E synthesis (Perry

et al ., 1976; Cook and t{unter, 1978: Iteap et al ', 1979> '

Thts concept of E-induced pseudopregnancy gains support from the

flndlngs that EV tnjecËfons (sc) on days L1 through 15 results ln a serum

P proflle, elevated estrone concentratlons' utero-ovarlan vefn PGF con-

centraElons (Frank et al., 1977) and gualftatlve make-up of uterlne pro-

teLn secreElons (l{ahaboob Basha et al",1980) slnilar to early Pregnancy'

As well, Ford and Magness (f980) recently observed that f'ntra-uterfne

lnfusfon of E2-L73 (days 11-15) resulted |n an f-ncrease ln uterine

blood flor¡ similar to thaE seen Ln sows on days L2-L3 of pregnancy (Ford
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and chrlstenson, 1979). Although several theorles have been proposed,

the mechanism of the exogenous or embryonic E luteotrophlc response

remains eluslve.

One of the proposed mechanlsms lnvolves E-elicltation of LH release

(Kidder eË â1., 1955; Perry et â1., 19761' Cook and Hunter' 1978).

Although an absolute requirement for thls hornone for maxl-mum cycllc CL

competency is not confirned, Lts Lmportance as a luteotrophln for

susÈalned luteal actlvity beyond the normal lifespan, such as durlng

pregnancy, Ls accepted. Corpora lutea P productlon proroptly declines and

pregnancy is termlnated fn gilts injeeted r¿ith LII antiserum on days 24 to

29 of pregnancy (spfes eÈ a1., 1967). Luteal tissue from early (Lernon

and Lolr , lg77; WaËson and Maule t'Ialker , L978) through laÈe (Lemon and

Loir, lg77) pregnancy responds to LII by f.ncreased P productlon' Assumlng

that E2-L7B treatment can elfcit physiological events Èhat, are

generally associated r¡tth early pregnancy, the idea that the requislte

for LII nay be refleeted by elevated serum LII levels fs not supported by

the presenÈ experiment.s. As suggested by l-ncreased pltuitary LH content,

concomittant with E-induced l-utea1 maintenance fn gtlts (Garbers and

First, 1969; Chakraborty et â1., 1972), E2 adnlnlsÈration ln the

present experLmenÈs appeared to Êuppress serum LH Ievels, although not

signiflcantly. At present, 1t is uncertafn whet.her Ëhls ¡ninics the serun

LH profile ln earl-y gesÈatfon. Reports of boÈh elevated (Ilenricks eE

aL., 1972; Zlecik eÈ al. 1980) and depressed (Tillson et 41., 1970)

peripheral- LII concentratlons have appeared 1n the llterature. Ilowever,

an early lnvestlgaÈlon by Melanpy and coworkers (1966) noted that
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pituitary Lt{ concentratfon reualned hlgh during days 18 Ëo 25 of

pregnancy, which support8 Èhe currenÈ flndings reported here.

Low cl-reulatlng LH nay not be contrary Èo a requfrement for this

hornone durlng early pregnancy since elevated levels are not observed 1n

sheep (Niswender et al., 1968) or cattle (Lukaszewska and Hansel' 1980).

Elevated LH night, acÈually, be detrimental Eo maintenanee of CL functl-on

by desenslti zatlon or down-regulaÈlon of luteal LH recePÈors or adenyl

cyclase, thereby renderlng corpora lutea unresponsfve to LII (Hunzicker-

Dunn et al., 1978; CatÈ et a1., L979).

A possible way tn whlch E could facllftate the physlological role of

LII was demonstrated by the slgniffcant increase ln available LII blnding

sites fn luteal ÈLssue subsequent to E2-treatment (experlnent II)'

That this is not unltke the slÈuation in early pregnancy ls suggested by

the recenÈ observatlons of Zfecik et al. (1980). Total concentratL,on of

luteal receptor for LH in the pregnant pig on days 16 and 20 ¡sas 2 to 3

fold greafer than on days 14 and 16 fn non-pregnant anlmals " Receptor

concentratlon then lncreased dramatically between days 20 and 30 coincL-

ding with the tine of peak estrone sulphate levels in the maternal- circu-

l-ation (Robertson and Klng, L974; Robertson et al', 1978)'

Since controL gLlts were ovarfectonf-zed on day 15 (experiment II) 
'

when luteal concentraÈion of LIt receptors reportedly fs deel-lning (Ziectk

et â1., 1980), tÈ Ls noÈ certaln whether E2 treeÈment resulted in an

Lncrease in LH receptor above ntd-cycle levels, reflecEing an increased

requlrement for LH, or if nld-cycle levels \fere mafntained ' In

experlmenÈ III, corpora lutea from gilts ovarlecto¡nlzed on day 11 did
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demonstraËe greaÈer specific blnding of LH than dld those in experiment

II ovariectomized on day 15. In addltion, E2-treated animals had

htgher luteal binding of LH on days 15 and 20 than did elther of these

groups.

The lncrease |n specific blndtng of LH may have been medlated by E-

facilitatlon of PRl-Lnductlon and/or malntenance of LtI receptor. Part of

the PRL requf.rement during pregnancy in the rat is met by thls means

(Grinwich et â1., L976; Day et al., L979). Although, in the present

experlments E2 dtd not provoke I 'nediat.e PRL rel-ease as was expected

(Netll, L974), peripheral PRL concentrations and luteal tlssue receptor

blndtng of PRL were maintained 1n E2-treated anluals. The preservation

of speclflc btnding sites for PRL sinilar to luteal phase levels here,

and as reported prevl-ously (Rolland et al., I976) Ls provocatlve evidence

that pRL serves a physlol-ogical functlon in uaf.ntaining porclne co.rpora

lutea competency followlng E2 treaÈment or early pregnancy' as well as

durfng the estrous cycle. The role of PRL tn CL functlon 1n the pfg has

not been deffned and attempts Ëo suppress PRL seeretion (experirnent III)

falled Èo prove any rnore flluminatlng.

The aildltional posslbfllty Èhat LH and PRL have the potenÈlal to be

antl-luteolytle 1s suggested by observations of antagonism Èo the lyttc

influence of PGF2* when porcine luteal tissue from early pregnancy

were superfused in vitro wlth LII (ìfaule l,Ialker and I,Iatson, L977; I'IaÈson

and Maule Walker, 1978) or PRL (Maule I'Ialker and WaËson, 1977) ' The

concenÈratlon of utero-ovarlan vetn PGF obvserved in pregnant (Moeljono

eÈ al., Lg77) or EV treaüed (Frank et al.,1977) gtlts, on days 13 to 17'
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ïdere significantly lower than in non-Pregnant animals, but, lt is not

kno¡sn whether PG levels are too low Èo be effecË1ve or are ' 1n some

manner, neutrallzed. Consequently, during Ëhe critical period of matern-

a1 recognition of pregnancy, LH and/ot PRL may provide a safeguard

against the potenËial retrogressÍve lnfluence of uterlne or luteal

(Guthrie eÈ al., L979) PGF. This protective functlon could be medlated

by E-effected enhancemenË or mainÈenance of luteal receptor sltes for LII

and PRL such as was observed following E2 treatment in experinent II.

I{h1le noË fnvestlgaËed ln the presenÈ studies, there ls evidence

ËhaË esÈrogens, elther of exogenous or embryonic origLn, may exert a

direct anÈl-luteolytfc effect by tnhibiÈLon or redlrectlon of uterlne PGF

produetion. Bazer and Thatcher (L977; Frank et ê1., 1978) have argued

thaÈ ln the pregnant uterus, as ln the uterus exposed to EV treatnenÈ

(Frank et â1., 1978), E cause a redirectlon of PG flow away from the

utero-ovarfan veÍn and Lnto Èhe uterine lumen. As well, Perry et al'

(T976) suggested that tnhibttion of Èhe uterine luteolyÈlc mechanism m?Y

be effected by rnalntenance of 1or¡ uterfne tissue concentratlons of E2-

L7g" Endonetrfal converslon of E2 to estrone sulphaÈe does not decllne

durlng early pregnancy (Perry et 41., L976) as lt does durlng the late

luteal phase in the cyclic piC (pack and Brooks, 1974) " The Present

experimenÈs did not speciffcally measure peripheral estrone

concentraÈions. llowever, Frank et al. (L977) noted thaÈ gllts Ëreated

wLth EV (days 11-15) had slgnificantly elevaÈed plasma estrone levels

¡shich indicated that E admlnLsÈratLon results ln susÈalned uterlne enz)¡me

activiüy similar Ëo early pregnancy.

Therefore, there ls conslderable supPort for the concept that
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exogenous E admlnfstratlon, begun at mld-cycle, evokes physlologlcal

responses sinllar to Ehose occurring durlng early Pregnancy tn the pig "

Eowever, the exacË naLure of E-lnduced luteal persisÈance remains an

enlgma. Evldence presented here lndicates that ParË of thls luEeoErophlc

mechanLsm includes an lncrease ln Ëhe number of corpora lutea binding

sftes for LH and rnalntenance of luteal receptor sl-tes for PRL, Yet the

respectLve rolea of Ëhese hornones in regulatlon of porcine CL function

have not been defined. Although not fnvestfgated ln the present studles'

Lt ls probable that E exert an anti-luteolytlc effect on the uterus ' As

wel1, a direct luteotrophfc actlon of E on the cL cannot be excluded at

thls ti¡oe.
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SI]MMARY

Aduinistration of 10 ng E2-L7B to gtlts on day 10, or on days l0

through 14, of the estrous cycle etgnificantly extended the interestrus

ínterval (P < .01), prolonged luteal P productlon, tnttlally depressed

the pulsatile serum LH proftle, but did not affect perlpheral PRL

concentratlons. Flve dafly lnJectfons of E2-L7ß, started on day 10,

did not extend the estrous cycle length slgnlffcantly more than did a

single injection on daY 10.

Evaluation of ovaries and 1uEeal tlssue from gllts treaEed wlth

peanut ol1 (control) or LO mg E2-L7ß on days 1-0 through 14, then ovarf-

ecÈomfzed on day 15 or day 20, revealed that E2 treaÈment lnhlbited

ovâr1an folllcular growLh beyond the 3 mm sÈage, maintalned corpora lutea

weight, and lncreased (P <.01) luteal receptor speclfic binding of oLH

by more than 2 fold above controls ovarLectoml-zed on day 15. There were

no sl-gnlflcant differences ln ovarian characteristfcs between E2-

treated gtlts ovariectomized on day 15 and Èhose ovariectomized on day

ZO. The percent speclftc bindfng of oPRL Ëo luteal receptor preparaÈfons

was slollar between control gtlts ovarlectomfzed on day 15 and E2-17ß

treated gtlts ovarlectornized on day 15 or 20'

ResulÈs suggest Ëhat part. of the E2 luteotrophic actlon fnvolves

an increase in the avallable corpora lutea bfndlng slEes for LH and

possibly malntenance of luteal receptor sites for PRL" The mechanisms

have yet to be dellneated, but facilitatfon, augmenËaÈlon or synergism

between E, LH and PRL cannot be excluded"
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Daily concentratfons of PRL ln cyellng gilts remaf'ned ÍaírLy

constant Ëhroughout the luËeal phase and were noË apparently affected by

E2 treatment. An increaslng trend' whlch dld not appear to be

assoclated with serum E changes' occurred fn all animals 3 to 7 days

before estrus. Levels returned Eo basal values prfor to the flrst day of

esËrus.

Bronocriprine injections (10 mg/daY,ln) from day 4 through 11 of

Ëhe estrous eycle dld not slgnlfieantly lower serum PRL concentrations |n

gtlts, but dld prevenË the st.ress-Índuced surge of PRL at ovariecËomy on

day 1-1. Adninlstration of Br did not affect perlpheral P concentrations,

numbers or wefghts of corpora lutea nor luteal receptor binding of oLIl

and opRL. These results do not allor¿ any concluslons concernLng a role

for PRL fn cycllc luteal function. However, the observatf'ons of speclfic

btndtng sltes for PRL ln corpora lutea suggest a physiologlcal requisite'

the signlficance of whlch remafns to be elucldated '



93

BIBLIOGRAPHY

Abraham, G.E., R. Swerdloff, D. Tulchinsky and W.D. 0de11 ' L97L ' Radio-
immunoassay of plasma progesterone. J. Cl1n. Endocr' 32¿6L9'

Anderson, L.L. 1966. PiÈultary-ovarian-uterine relatLonships' In:
ovarian Regulatory Mechanlsms. J. Reprod. Fert. suppl. 1:21.

Anderson, L.L., G.W. Dyck, H. Morl, D.M. Henricks and R.M. I'lelanpy" L967.

Ovarian funcÈLon ln pigs followlng hypophystal stalk transection or
hypophysectony. An. J. Physlol. 2L2zL88'

Anderson, L.L. , s.L. oxender, D.M. Henricks and R.M. Melanpy. 1966.

Pftuitary stalk section 1n beef helfers. J. Ànim. Sci. 2521262'

Àrmstrong, D.T. and D.L. Black. 1966. Influence of luteinfzing horuone

or, ãorp,r" luteuu metabollsm and progesterone blosynthesls throughout
the bovlne estrous cycl-e. Endocrinology 7B:937 '

BaLrd, D.T., T.G. Baker, K.P. McNatty and P. Neal. L975' Relationshfp
beÈween the secret.lon of the corPus luteum and the length of the
folllcular phase of the ovarlan cycle. J. Reprod. Fert. 45:611.

Barclkowski, B., J.C. Carlson, L. I^I1lson and J.A. l'lccracken. I974.
effect of endogenous and exogenous esLradlal-L7ß on the release
prostaglandln EZo from Èhe ovlne uterus. Endocrlnology
1340.

The
of

95:

Bartosik, D., E.B. Ronanof f , D.J. l^Iatson and E. scrl-cco . 1967. Luteo-
trophic effects of prolactin in ühe bovLne ovary. Endocrinology
81 :186 .

Bazet, F.W. and I,f.W. Thatcher. 1977. Theory of naÈernal recognltlon of
pregnancy ln swine based on esÈrogen control-led endocrine versus
exocrlne secretlon of prostaglandin Fzo by Èhe uterLne endo-

metrLum. Prostaglandins L4:397.

Beck, T.I,I. and E.W. Convey" L977. EsÈradlol control of serum lutelnizing
honnone concenÈrations ln the bovine. J. Anim. scl. 45:1096.

Beck, T.I{., v.G. Srnlth, B.E. Sequln and E.M. convey. 1976. Bovlne serum

LH, GH and prolactin followlng chronic tnplantation of ovarian
sterfods and subseguent ovarLectomy. J. Antm. scl. 42:46L.

Bolt, D.J. and lI.W. Hawk. 1972. Fallure of exogenous estrogens Èo lnduce
cL regression 1n hysterectomized ewes. J. Antn. sct. 352237.

BolË, D.J. and H.I^I. Ilawk. 1975, Failure of estrogen-lnduced regression
of corpora lutea Ln er¿es by hysterectortry. J. Antm. sci. 402687.



94

Bolt, D.J., H.E. Kelley and H.W. Ilawk. L97L. Release of LH by estradlol
ln cyclfng ewes" 81o1. Reprod. 4235"

Boshfer, D.p " :1969. A histologfcal and hlstochernlcal examlnation of
lmplanÈaËion and early placentome formaEion in sheep. J. Reprod.

Fert. 19 :51 .

Brinkley, H.J., P.L. Rayford and E"P. Young' I972"
radfoimmunoassay. J. Anfm. Scl. 352327"

Brunner, M.4., L.E. Donaldson and W. Hansel' 1969'
and luteal functlon in hysterectomlzed and lntact
Sct. 5221849 "

Cheng, K.W. 1975. ProPertles
cell membranes of bovlne

Cheng, K.W. L976. Changes ln
and prolactin durlng the
Fert. 48:129.

Porcine prolactln

Exogenous hormones
heifers. J. Dairy

of folllcle-stlmulating-hornone recePtor in
testis. Bloche¡u. J. 1492L23.

rat ovarLes of speclflc blnding for LII' FSH

oestrus cycle and pregnancy. J. Reprod'

Bryant, G.D., F.C. Greenr¡ood, G. Kann, J' MarEinet and R' Denamur' L97L'- piasrna prolactin Ln Ëhe oesÈrous cycle of the ewe: effect of
pitultary stalk sectlon. J. Endocr' 51:405'

Carl-son, J.C., N. Kazama and I,I. Ilansel" 1971. Ef fect of LH on perlpheral-
progesterone concentratlons fn lntact and hysterectomlzed heifers'
EndocrinologY 89:1530.

carnegie, J.A. and H.A. RoberËson. 1978. Conjugated and unconjugated
esÈrogens ln fetal and maternal fluids of the pregnant ewe: a

posslble role for estrone sulfate durfng early Pregnancy. Biol'
Reprod. 19 z2O2 -

Catt,, K.J., J.P. Ilarwood, N.D. Richert, P'M' Conn, M' ConÈl and M'L'
Dufalí . :-g7g. Luteal desensf.tizaËion: Hormonal regul-ation of LH

receptors, adenylate cyclase and sterotdogenlc resPonses in the
luteal cell. In: Ovarian Follicular and Corpus Luteum Function,
(eds. C.P. Channlng, J.M. Marsh, I'I'A' Sadler) ' Plenum Press' N'Y'
Adv" Expt. Med. Biol. v1122647"

Chakraborty, P.K., D.C. England and F. Stornshak. 1972' Effect of 17ß-

estradlol on pitultary gonadotropins and 1uËeal functfon 1n gilÈs'
J. Antn. Sc1. 342427.

chen, c.L. and J. Meltes" 1970. Effects of estrogen and progesterone on

serum and pltultary prolactin levels Ln ovarfectomfzed rats' Endo-

crinology. 86:503.



95

Connor, L. L976" Effect of prosËaglandin Fza. on the estrous eycle
and hormone levels in the gilÈ" M. Sc. Thesls. Dept' of Anlmal Scl"
University of Manitoba, Wfnnipeg, Manitoba'

Connor, L., G.D. Phtlllps and W.M. Palner. 1976. Effects of prostagland-
in Ê2o, on the esÈrous cycle and hormone levels ln the gilt.
Can. J. Anlm. Scl. 56:661.

convey, 8.M., J.i^I . Beck, R.R. Nef zel and E"J. Bostwlck. 1976. ovarían
conËrol of serum LII concentrations. J. Aniu. Sci" 43:279"

Cook, 8., C.C. Kaltenbach, H.W. Norton and A.V. Nalbandov. 1967' Synthe-
sfs of progesterone in vltro by porcLne corpora lutea'
EndocrinologY 812 573.

Cook,8., G.D. Nlswender, N.S. SutÈerlÍn, H.I^I. NorËon and A.V. Nalbandov'
1968. The influence of some steriods, ineludlng esErogens' on Pro-
gesterone synEhesis in vitro by porclne corpora lutea' Sterlods
11:321.

Cook, B.
for

and R.II. Ilunter. 1978. SysEemlc and local hormone requirements
implanÈation in domestlc anlmals. J. Reprod. Fert. 54247L"

cox, R.I., G.D. Thorburn, I^1.8. currfe and R.J. Restall . L974. Inter-
relatlons between estrogens and prostaglandln F concentrations in
the utero-ovarian venous plasma of the ehre' J' Reprod' Fert'
36 2448

Crombie, p.R. l-970. Ultrastructure of the foeÈal-maÈernal aÈtachment ln
the ptg. J. Physiol., Lond. 210:101P'

Curnmlngs, I.A. Lg75. The ovine and bovine estrous cycle. J' Reprod'
Fert. 43:583.

Day, S., J. Abramowitz, M. Hunzicker-Dunn and L. Birnbaumer. 1979.

Int.eractlons among estrogen, prolactin and luteinizing hormone at
the leveL of adenyl cyelase in the corpus luteum: flndlngs and

physlological correlates. In: Ovarian Follicular and Corpus Luteum

iunctton- (eds. C.P. Channfng, J.M. Marsh and I^I.4. Sadler) " Plenum

Press, N.Y. Adv. Expt. Med. Btol. v1122663'

Day, 8.N., L.L. Anderson, L.N. Hazel and R'M' Melanpy' 1959' Gonadotro-
phlc and lacÈogenic hormone potencies of gtlt plÈuitarles during Èhe

estrous cycl-e ãnd pregnancy. J' Anfrn' Sci' l-8:675'

Denarnur, R. 1968" Fornatlon and nalntenance of corpora lutea ln domesÈ|c

anlmals. VIII Blennial symposlum on Aninal Reproduction. J' Anlm'

Scl. 27 SupPl I: 163.

Denamur, R. 1g74" LuteoÈrophfc factors Ln the sheep" J. Reprod. Fert'
38 :251 .



96

Denamur, R., J. Martlnet and R.V. Short " L966. Secretlon de la progest-
erone par 1es corps Jaune de la brebls apres hypophysectomie,
sectfon de la tige piÈuftafre et hysterectoml-e' Acta endocr",
Copenh. 52272-

Denamur, R., J. Martlnet and R.v. short. 1970. I'fode of action of
oestrogen fn maintal-nlng the functlonal life of corpora lutea 1n

sheep. J. ReProd. Fert. 23:109'

Denamur, R., J. Martinet and R.v. short. L973. Pituitary control of the
ovlne corpus luteuu. J. Reprod' Fert' 32:207'

Dickson, w.M. Ig77. Endocrine Glands. In: Dukes' Physiology of Domestic

Animal-s. 9th ed. ( ed. I'f .J. Swenson) . Cornell Unlversity Press,

IËhaca " p. 765.

Dtehl, J.R. and B.N. Day. :.g74. Effect of prostaglandin F2n on luteal
functlon 1n swine. J. Anln. Scl' 392392'

Domanski, E., L. Skrezeckowskl, L'E" Stupnlcka, R' Fitko and W'

Dobrowolskl. Lg67. Effect of gonadotrophlns on Ëhe secretfon of
progesÈerone and oestrogens by the sheep ovary perfused in sftu' J'
Reprod. Fert.14:365.

Donaldson, L.E., I,I. Hansel and L.D. vanvleck. 1965. The luteotrophlc
properËies of luteinlzlng hormone and the nature of oxytocin lnduced

luteal fnhtbitlon fn cattle' J' Dalry Scl' 48:331'

Donaldson, L.E. and W. Hansel. 1965'
bovine corPus luteum bY single
mone. J. DairY Sci. 48:903'

du Mesnll du Buisson, F. 1966. Contribution a lretude du malntfen du

corps Jaune de la Trule. These Parls'

L. Dauzier. 1959. Controle mutuel de

chez la trule. Annals. ZooËech' Suppl '

Prolongatlon of the lifespan of the
injecttons of bovine lutel-nlzing hor-

du Mesnll du Bulsson, F" and
lruterus et de I'ovaire
8:L47 "

du Mesntl de Buisson, F. and P.C. Legl-lse. 1963. Effect de 1'hypophy-

secËomle sur l-es corPs jaunes de lactatlon" Resultats prellnin-
aires. C.R. Acad. Sct. 257226L"

du Mesnll de Bulsson, F., P.c. Legltse, L.L. Anderson and P' Rombauts'

Lg64. Malntien des corps jaunes et de la gestation de la Èrufe, au

cours de la phase pre-tmptantatoLre apres hypophysectomie' 5th
Intern. Congr. Repord. An. Insem' Artlf' 3:571'

Dusza, L. and H. Krzymowska. 1979. Plasma prolactln concentratLons
áurtng the estrous cycle of sows' J' Reprod' Fert' 57:511'



97

Ensor, D.M. 1978" Comparatl-ve Endocrlnology of Prolaetln, John l{1ley and

Sons , N"Y.

Fluckiger, E. 1978" Effects of bronocrfpÈine on the hypoEhalano-
pitultary axis. AcEa Endocr" SuPpl ' 2L6' 88:I11"

FooËe, w.c., D.P. I,ral-dorf , H.L. self and L.E" casida. 1958. Some effects
of progesterone and estradiol on the ovarÍan structures and on the
gorråaorrophie potency of the pltuitary gland of the gilt" J. Ànim'

Sci. L7 2534.

Tord, S.P., J.E. Pexton, L. Wl-lson, JE, R.L. Butcher and E.K. Inskeep.

1973. Effect of estradlol-l7$ on uterine PGF in efÙes. J. Anim'

Sc1. 37:311.

Ford, S.P., C.W. I'Ieems, R.E. Pitts, J'E' Pexton, R'L' Butcher and E'K'
Inskeep. L975. Effects of estradiol-l7$ and progesterone on prosta-
glandl-n F ln sheep uteri and uterfne venous plasma. J. Anl-m. sci'
4Lzl4O7.

Ford, s.P. and R.K. chrfstenson. 1979. Blood flow to uterf of sows

during the esËrous cycle and early Pregnancy: local effect of
conceptusonuterinebloodflow.Biol.Reprod.2Lz6LT"

Ford, s.P. and R.R. Magness. 1980. Effect of Lntra-uterine lnfuslons of
estradiol-l7 S (Szß) on luteal funcÈion 1n non-pregnant so\rs '
Abstracts, 72nd Ann. Meetlng, Amerlcan soclety of Anfmal Sclence'
Abstr . ll42L.

Frank, M., F.W. Bazer, w.w. Thatcher and c.J. wflcox. 1977. A study of
prostaglandln SZ,o as the luteolysln ln srrl-ne: III ef f ects of
esÈradiol va1erãLe on prostaglandfn F, progestlns, estrone and

estradlol- concentraElons ln the utero-ovarfan vefn of non-Pregnanf
gtlts. ProsEaglandins 14:1183 '

Frank, M, F.I{. Bazer, w.w. Thatcher and c.J. I,Iilcox. L978. A study of
prosÈaglandin fj* as the luteolysln 1n swLne. IV an explanation
for the luteotrJpîic effect of estradiol. ProsEaglandins 15:151'

Fuller, G.B. and I.I. Hansel. 1970. Regresslon of sheep corpora lutea
after treatment wiÈh antlbovine luteinlzlng hormone. J' Anlm' Sci'
31 :99 .

Gadsby, J.E., R.D. BurËon, R.B. Tteap and J.S. Perry. L976. Steroid meta-

bollsm and synthesls 1n early enbryonlc tLssue of Pfg, sheep and

corr. J. EndocrinologY 7Lz45P '

Garbers, D.L. and N.L. Flrst. 1969. The effects of lnjected oestradlol-
17g, progesterone and diet,ary ICI 33828 on ovarian and plüuitary
functlons ln the sow and gflt. J. Repod. Fert. 2Oz45L.



98

Gardner, M.L., N.L. First and L.E. casida. 1963. Effect of exogenous

esErogensoncorPusluteummnlntenanceingilts.J.Anim.Scl.
222L32 "

Gengenbach, D.R. , J.E. Ilixon and I{. Hansel " 1977. A luteolytfc inter-
action between estradlol and prostaglandin Fzo. in hysterecto-
nized e\tes. Biol. ReProd ' L6z57L'

Glbori, G., E. Anrczak and I. Rothchild. L977. The role of estrogen ln
the regulation of luteal progesterone secretl-on l-n the rat after day

12 of. Pregnancy. Endocrinology 100:1483'

Glbori, G. and J.S. Richards. 1978. Dissociatlon of ttso distlnct luteo-
tiophic effects of prol-aetin: regulatlon of luteinizlng hormone-

receptor content and progesterone secretf.on during pregnancy. Endo-

crinology LO2:767.

Glbori, G., J.S. Richards and P.L. Keyes. 1979. Synerglstic effects of
prol-actin and estradtol in Èhe luteotrophic Process ln the pregnant

rat: regulatlon of esËradiol recePtor by prolactln. Biol-' Reprod'

2]-z4]-9.

Gleeson, 4.R., G.D. Thorburn and R'I' Cox' 1974' Prostaglandin F

concentraÈlon in the utero-ovarian venous plasma of the sow during
the late luteal phase of the oestrous cycle. Prostaglandins 5:52L'

Grinwich, D.L., M. Hichens and II.R. Behrman. 1976. ConËrol of the LH

recepËor by prolactln and prosÈaglandln F2ø ln raÈ corpora
lutea. Biol" ReProd. l4¡2L2'

Goldenberg, R.L., !I.8. Bridson and P.o. Kohl-er. 1972. EsËrogen stluula-
tion of progesterone synthesls by porcine granulosa cells ln cul-
ture. Biochen. Biophys' Res' Commun' 48:101'

Gomes, w.R., v.L. Estergreen, o.L. Frost and R.E. Erb. 1963. Progestin
levels 1n Jugular and ovarl.an venous blood' corpora lutea and

ovariesofthenon-Pregnantbovlne.J.DairyScl.46:553.

GospodarowLcz D. and F. Gospodarowicz. 1975. The norphological transfor-
mation and inhlbttion of grovth of bovlne luteal ceLls in tlssue
culture lnduced by lutetntzlng hormone and dibutyryl cycllc Al'{P

EndocrLnologY. 962458'

Grifftth, R.I{. and B.P. Richardson. 1975 ' Toxicity studles wfth 2-bromo-

eergokryptfne (cB-L54): effects of prolonged oral adminlstratlon
ln dogs" IRCS Med. Sct" 32298'

GuthrlerH.D.rC-E.RexroadrJE'randD'J'Bo1t'1979'I¡lvit-rore-lease
of progescerone and prostaglandtn F and E by porcine luteal and

endoneËrial tlseue durlng induced luteolysls. In: Ovarlan Follicular
and corpus Luteum FunctLon (eds. G.P. channlng, J.M. I'farsh and 1{'A'

Sadl-er). Pl-"rrrrt Press' N'Y' Adv' Expt' I'fed Biol' V 1122627 '



99

Guthrle, H.D., D.M. IlenrLcks and D.L. Handltn " I972. Plasna estrogen'

ProgesËeroneandLllpriortoestrusanddurlngearlypregnancyln
ptgs" EndocrinologY 9L2675"

Halford, D.M. R.P. Wettman, E.J. Turman and I.T. Ornvedt " L974" Luteal
functlon ln gtlts after prostaglandln Fzo. J. Anirn. scl.38:213.

Hansel , W. Lg67. Studtes on the formation and maintenance of the corpus

luteum. In: Reproductlon ln the Fenale Mammal. (eds" G.E. La ming

and E.C. Amoroso.) Butterworths, London, p" 346'

Hansel , W., P.I.I . concannon and J.H. Lukaszewska. 1973. Corpora lutea of
túe Iárge domestic animals' Biol' Reprod" 82222'

Haug, E. and K.M. Gautvlk. Lg76. Effects of sex stenolds ofr prolactln
secretfng raL pituitary cells in culture. EndocrLnology 99 21482'

Ilauger, R.L., F.J. Karsch and D.L. Fostet. 1975. Role of progesterone 1n

the negatlve feedback tnhtbitton of LII EecreELon durlng the estrous
cycle óf th. "r.. Proc. Sth Ann. Meetlng, Soclety for the Study of
Reproduction, Abstt. 1192.

Ilawk, H.I.I. and D.J. Bolt. 1970. Luteolytic effect of estradiol-l7$ when

ad¡nlnlstered after rnld-cycle ln the ewe. Biol. Reprod. 2t275'

Heap,R.B.,A.P.F.FllntrJ.E'GadsbyandC'Rlce'L979'Hormones'the
early enbryo and the uËerfne environment. J. Reprod. Fert ' 552267 '

Heap,R.B.rJ.S.Perry,J.E.GadsbyandR'D'Burton'I975'Endocrine
acËlvitfes of the blastocyst and early embryonic ÈLssue 1n the pig '
Biochem. Soc. Trans. 3:1183'

Henricks, D.M., H.D. Guthrle and D.L. Handlln, 1972. Plasma estrogens

progesterone and lutelnlzing hormone levels durlng the estrous cyele
in pigs. Biol. ReProd. 6z2LO'

Hlxon, J.E. and 1,1.T. clegg. 1969. Influence of Èhe pitultary on ovarian
progesterone output in the ewe: effects of hypophysecÈomy and gona-

ãotiophtc hormones. Endocrfnology 84:828'

Ilobson, W.C. and Ì'I" Hansel. L972'
corpus luteum removal and
EndocrlnologY 91:185.

Plasua LH levels after ovarfectomy,
estradlol admlnistraELon ln eattle '

Hoffman, 8., D. Schans, R. Bop, M'L'Ender, T' Glmenez and H' Karg' L974'

Luteotrophlc factors 1n the cow: evLdence for LH rather than pro-

lactfn. J. ReProd. Fert " 40277 "

Hor¿land, B.E . 1972. Effect of restricted feed Lntake on LH levels in
female rats. J" Anlm. Scl " 342445'



100

Howland, 8.E., A.M" Akbar and F. stormshak" 197I" serum LH levels and

luteal welght fn evres followlng a slngle lnjection of estradlol"
Biol. Reprod " 5:25"

Hor¡land, B.E . , I{"M. Palmer and L.M" sanford. 1978 . Changes in serum

levels of LII and FSH in progesterone-t.reaËed ovariectomfzed ewes

followlng a slngle lnjectlon of estrogen. Can' J' Anlm Scl" 58:15"

Ilunzlcker-Dunn, M., J. Bockaert and L. Bfrnbaumer. 1978" Physiologlcal
AspecÈs of Appearance and Deseneltization of Gonadotrophin-Sensitive
Adányl Cyclase ln Ovarian Tlssues and Membranes of Rabbtts, Rats and

Pfgs. In: Receptors and Hormone Actlon. vol " III (eds. L.
Birnbaumer and n.Ilt. o't'talley), Academlc Press Inc" pp. 384-433.

Kaltenbach, C.C., J.I{. Graber, G.D. Niswender, and A.V. Nalbandov' 1966'
Effects of hypophysectorny on Èhe formation and malntenance of
corpora l-utea Ln the ewe. Endocrinology 822753"

Kann, G., an,il R. Denamut" L973. Change ln plasna levels of prolactin and

LH lnduced by luteolytlc or luteotrophic oestrogen treatment ln
intact cycling sheep or 1n sheep after sectlon of the pitultary
stalk. Acta Endocr. Copenh. 732625'

Kann, G., an,il R. Denamur" 1974. Possible role of prolactin during the
oestrous cycle and gestation fn the ewe. J. Reprod. FerË. 392473'

Karsch, F.J., B. Cook, A.R. Elltcott, D.L. FosÈer, G.L. Jackson and A'V'
Nalbandov. lglL. Failure of Lnfused prolacEin to prolong the
llfespan of the corpus luteum in the ewe. Endocrl"nology 892272.

Karsch, F.J., J.W. Noveroske, J.F. Roche, H.E. Norton and A.v. Nalbandov'
Lg7o. Maintenance of ovLne corpora lutea ln the absence of ovarian
follicles. Endocrlnol-goy 87 21228'

Keyes, P.L., K-C.M. Yuh and J.B. Miller.1979. Estrogen acÈÍon 1n the- 
corpus luteum. In: Ovarian Folllcular and Corpus Luteum Function,
(eds. c.P. channlng, J.M. Marsh, I{.A. sadler). Plenum Press, N.Y.

Adv. Expt. Med. Biol" Vl-12:447.

Kfdder, H.E., L.E. Casida and R.H. Grummer.1955. Some effects of estro-
genf-njeeÈionsonÈheesÈrualcycleofgilts.J"Anln.Sci.
]-4:47 O .

Kiser, T.E. c.R. Í,Iallace, S.E. Dunlap, N.M. cox, R.R. Kraelfng and G'B'
i.arnpacek. 1.gTg " Failure of prolactln suppressíon to alter LH and

teato6terone secreÈLon |n bul-ls. Proc. 12th Ann. Ìleetlng, Soclety
for the Study of ReproducÈl-on, Abstr' ll4L6'

Kraeling, R.R. and B.J. Davls. 1974. TermfnaLion of pregnancy by hypopy-
e.ãtoty fn the pig" J. Reprod' FerÈ' 362215'



101

Kraeling, R.R., G.B. Rampacek and G" Ball" L975. Estradtol inhfbition of
PGF26¿ luteolysls in the Ptg' J" Anln' Scl ' 41-:363'

Kraellng, R.R., G.B. Rampacek, N"M' Cox and

ion of PRL eecretlon in lactaÈÍng sows

Proc. 12th Ann. MeeÈing, SocLety for
Abstr " ll4l4.

T.E. Kf-ser " L979. SuPPress-
r¿ith bronocripEine (CB-l54).
the StudY of ReProductlon.

Land, R.8., I{.R. carr, A.S. McNetlly and R.D. Preece. 1980. Plasna FSH'

LH, Èhe positive feedback of oestrogen, ovulatlon and luteal func-
tlon in the e!Íe gl-ven bronocriptine Èo supPress prolactln during
seasonaL anoestrus. J. Reprod' Fert ' 59273'

Lee, c.Y. and R.J. Ryan. Lg75. Estrogen stlnulatlon of human chorionic
gonadotropln útttatog by luteinized raË ovarian slices '
Endocrl-nologY 95 : 1691".

Lemon, M. and M. Loir . 1977. sterold release ln vitro by_ two luteal cel1

iyp." ln the corpus luteum of the pregnant soIù. J. Endocrlnology
72235L "

Lowry, 0.H., N.J. Rosebrough, R.J. Randall and A.L. Farr. 1951. Protefn
measurerenr with the Folin phenol reagent. J. Biol. Chen' 1932265'

Lukaszewska, J. and I,I. Hansel. 1980. Corpus luteum maintenance durlng

early Pregnancy 1n the cor¿' J' Reprod' Fert' 59:485'

l,facl-eod, R.M. Lg7 6 . Regulatlon of prolactin secretlon ' In: Frontiers l-n

Neuroendocrinology. Vor. a (ed L. Martinl and l'I.F' Ganong) Raven

Press. N.Y. PP. 169-L94'

Mahaboob Basha, s, F.I.I. Bazer, R.D. Giesert and R.M. Roberts' 1980' Pro-

gesterone lnduced uterine secretLons ln pigs. Recovery fron pseudo-

pregnantandunllaterallypregnantgilts'J'Anin'Sct'50:113'

Maule l{alker, F.M. and J. I{atson. 1977. Effect of prostaglandln Fzo,

on non-pregnant and early pregnanÈ porclne luteal steroid secretlon
tn vltro. J. Endocrlnology 73226P"

McNetlly, A.S. 1980. Prolactin and Ehe conÈrol of gonadoËrophin

secretLon in the fenale' J' Reprod' Fert' 582537'

Mccracken, J.4., D.T. Balrd and J.R. Godlng. 1971. Factors affecÈlng the

secretfon of sterolds from the transplanted ovary ln the sheep'

Recent Progr. Horn. Res" 27:537"



L02

l.felanpy, R.M., D.M. Henricks, L.L. Anderson, c.L" cheln and J'R' schultz'
1966. Pitultary fol1lcle-stlnulating hormone and luteinizlng
hormone concenËratlons in pregnanE and lactaEing plgs'
EndocrlnologY 78:801.

Moeljono, M.P., F.w. Bazet and t{"I^I. ThaËeher. 1976" A study of prosta-
-glandln F2* as the luteolysin Ln swlne: I. effect of prostaglan-
áit f2* tn îysterectoml-zed gilts. Prostaglandtns LL2737743"

Moeljono,M.P.E.,W.W.ThatcherrF'W'BazerrM'Frank"L'J'Owens'and
c.J. I.Iilcox. lg77 . A study of prostaglandln E2o. as the luteo-
lysin fn swl-ne. II characterfzatlon and conparíson of prostaglandin
F, estrogens and progestin concentratlons ln utero-ovarlan vein
plasrna of non-pr.grrårrt-trrd pregnant g11t6. Prostaglandins LI+2543'

Moeljono, M.P.E.' M. Frank, L'J' Owens, C'J' Wllcox' F'W' Bazet and Ì^I'I^I'

Thatcher . Ig76. pGF in utero-ovarlan veln of pregnant and non-

pregnant gilts. J. Anim. Scl' 432298'

Nakano, R., T. Akahori, K. Katayami and S' Tajo' L977 ' Bínding of LII and

FSH to porclne granulosa cells during follicular naEuration' J'
Reprod. Fert. 5L223.

Nalbandov, A.V . 1973. ConÈrol of lu¡eal functlon |n marumals' In: Iland-

bookofPhystology.SectfonTrVolll,partl'(ed'R'0'Greep')
Anl-m. Physlol. Soc. , WashLngton D'C' pp153-168 '

Nalbandov, A.v. Lg76. ReproducElve Physlology of Marnuals and Birds' 3rd

edftion. w.H. Freeman and co. san. Francisco. pp72'73.

Ne111, J.D . Lgl4. Prolactin: lts secretlon and control. In: Handbook of
Physlology: Endocrinology, Vo1. IV (ed. E. Knobll and I^I'H" Sawyer'

Waverly Press, Inc. Baltlnore p469-488 '

Nlshtkawa, Y and Y. waide. 1958. Effect of stllbestrol injected at the

corpus luteum sÈage ln the sow, with specfal reference to the long

ual_ntenance of "oip.r" 
luteuu. Bul. Nat. Inst. Agr. Scl. G14:1.

Nisrvender, G.D. 1g72. The effect of ergocornine on reproductlon in
sheep. Biol. ReProd. 7:138'

Nlswender, G.D., J.F. Roche, D.L. Foster and A.R. Midgley. 1968' Radlo-

iumunoass ^y to, serum levels of luÈefnLzlng hormone durlng the cycle
and early pt.g.r".,"y l-n ewes' Proc' Soc' Exp' Biol' Med ' 129:901'

Nlswender, G.D., L.E. Relchert, Jr', A'R' Midgley' JE' and A'V'
Nal_bondov. Lg6g. Radlonmunoassay for bovlne and ovine lutelnizing
hormone. EndocrinologY 84:1166'



103

Niswender, G.D. and N.A. Diekman " 1979 " LH recePtors ln the ovine corPus

luteum during Èhe estrous cycle and early Pregnancy" In: Ovarian

Follicular "rra corpus Luteum Function (eds. c.P. channlng, J'M'
l'larsh and I,I.A. Sadler). Plenum Press. N.Y" Adv' Expt' Med' Biol'
V112 :483 .

Norris, J.S. and P.O. Kohler" L974. Estrogen accuuulatlon by porclne
granulosa cells in culture. Endocrinology Res. Commun. 1:133'

Pack, B.A. and
sferase 1n

s.c. Brooks. 1974. Cycltc actlvlty of estrogen sulfotran-
the gtlt uterus. Endocrinology 95:1680'

perry, J.S., R.B. Ileap and E.c. amoroso . L973. Steroid hornone produc--itott 
by pig blastoeysts. Nature, London' 245245'

Perry, J.S., R.B. Heap, R.D. Burton and J.E. Gadsby. L976. Endocrinol.ogy
- 
of the blastocyst and fts role in the esEabllshnent of pregnancy'

J. Reprod. Fert., SuPP1.25z85'

Reler, P.J., W.K. Merlshige and I. Rothchild.1974- The effect of ether
and laparotomy on seruü prolacÈin l-evels 1n Progesterone-treated
LntacÈ and ovárlectomLzed rats. Neuroendocrfnology L6243.

Rhind, s.M., J.M. Chesworth, J.J. Roblnson. 1978. A seasonal difference
ln ovlne peripheral plasma prolactin and progesterofie concentratl-ons
in early pr"gr"r.y and f.n the relaÈionshlp between the two hormones'

J. Reprod. Fert. 52279"

Richardsn J.s. 1978. Ilormone Regulation of ovarf"an Hormone Receptors'
In: Receptors and Hormone AcÈlon Vol. III. (ed. L. Birnbaumer and

B.I^I. O'Malley) . Academic Press, N'Y ' pp479-49L "

Richards, J.S., M.C. Rao and J.J. Ireland. 1978. AcÈlons of pituitary
gonadoÈrophins on the ovary. In: control_ of ovulatlon (eds. D'B'
õrighton, G.R. Foxeraft, N.b. Ilaynes and G.E. Lamrning) Butterworth,
London. pp. 197-2L6"

RoberÈson, H.A. and G.J. Kfng " 1979. Conjugated and unconjugated estro-
gens in fetal and uaternal fluids of the cow throughout Pregnancy'
J. Reprod. Fert - 552463"

Robertson, H.A. and G.J. King. L974. Plasma concentratlon of progester-
one oestrone and oesEradfol-L7ß and of oestrone sulphate ln the pig

aÈ Lmpl-antatlon, durlng pregnancy and at ParËurLtlon" J. Reprod'

Fert.40:133.

Robertson, H.A., G.J. King, and G'I{' Dyck' 1978' The aPpearance of
oestrone sulphate ln the perlpheral plasma of the pig early fn preg-
nancy. J. ReProd. Fert. 52¿337 '

Rolland, R., G.L. Gunsalus and J.ì1. Hammond. L976. DemonstraÈion of
speclftebindtngofprolactinbyporcinecorPoralutea.
EndocrinologY 98 : 1083.



LO4

Rolland, R. and J.M. Harnnond. 1975. Demonstratlon of a specifLc receptor
for prolactLn in porcine granulosa cells. Endocr" Res. cornm" 2:281"

Romanoff, E.B. 1966. steroldogenesls in the perfused bovlne ovary" J'
Reprod. Fert" SuPP. 1:89'

Shiu, R.P.C., P.A. Kelly and H.G. Frlesen. 1973. Radioreceptor assay for
prolactin and other lactogenic hormones. sclence 180:968.

snook, R.8., M.A. Brunner, R.R. saatman and l{. I{ansel . 1969. The effect
of antfsera Ëo bovine LH ln hysterectomized and intact heLfers'
Biol. Reprod. L249.

Snith,V.R.,T.It.McShanandL.E.Casida.L957.OnÈhemalntenanceof
the corpora luEea of the bovine wfEh lactogen. J. Dalry sci' 402443'

spies, H.G., A.L. slyter and s.K. Quadrl" 1967. Regresslon of corpora

lutea ln pregnant grtt" adninistered antlovlne LH rabbit serum' J'
Anirn. Sci " 26 t7 68 .

steel, R.G. and J.it. Torrie. 1960. The prlnclples and procedures of
statistlcs. McGraw IIill Inc' Toronto'

Stornshak, R. , H.E. Kelly and H'I'f ' Hawk' 1969 ' Suppresslon of ovine

lureal funcr1on by liß-estradiol. J. Anim. Sci " 292476.

Thorell. J.I. and Johansson. :Ig7:r. Enzymatic iodinatlon of polypeptide
writr l25t to hlgh speciflc actlvity. Biochem. Biophys' Acta

25I2363.

Threlfall, W.R., c.E. Martln, II.E. Dale, R.R. Anderson and G.E' Krause'

1g72. píáuttary prolactln and Lhe oestrus cycle of so\rs. J.
Reprod. Fert- 31:201.

Tfllson, S.4., R.E. Erb and G.D. Niswender. 1970. Comparlson of lutein-
IzLng hormone and progesterone ln blood and metabolltes of progest-
erone ln urine of domest,ic solts during the estrous cycle and early
pregnancy. J. Anlm. Sci' 302795'

l.Iagner, J.F. and E.L. veenhuisen. 1965. Effect of esÈrogens and cAP on

ovarian functlon in the gilt, J' Anlm" Sci' 252932'

waters, M.J., II.G. Frlesen and H.G. BohneÈ. 1978. Regulation of Prolac-
tfn Receptors by sterold llormones and use of Radioligand Assays in
Endocrlne Research. In: Receptors and Hornone Action vol' III (ed'
L. Birnbaumer and B.I,I. O'Maliey.) Acadenic Press, N.Y. pp457-477.

f.latson, J. and Maule l{alker " L977. Ef f ect of prostaglandin F2o. and

uterlne extracts on progesterone secretion in vltro by superfused
plg eorpra lutea" J. Reprod' Fert' 51:393'



105

l.laËson, J. and F.M. Maule l,Ialker" 1978. ProgesEerone secretion by the
corpus lut.eum of the early pregnanË plg during suPerfusin in vltro
*riril pGF2a, LH and oestradiol. J. Reprod. Fert" 522209.

I.Iatson, J. and J.T.S. Leask. L975" Superfusion ln -Y1!r.- ln the study of
ovarlan steroidogenesls. J' Endocrinology 642L63'

I{atson, J. and Wrigglesworth. L975" Progesterone synthesis by pig corpus

luteum tissue ãurfng superfusf.on. Biochem. J. 150:301.

I^Itlliarns, M.T., M.R. C1ark, and J.M. Marsh" L977. Proc' 59th Ann' Meetlng

Endocrlne Soclety. (Abstr.) 23LzL72'

I.Ilnsatt , W.A. Lgl 5 . Some comparative aspecEs of implantation ' Biol '
Reprod. l-2zL"

I{u, C. and L.E. LundY. L97L"
Sterol-ds 18 :91 "

yu, J. Y-L., P. YuËhasastrakosol, R. Marquardt, and w.M. Palmer.1974.
Estrogen levels 1n pertpheral pLasma of lmmaEure female chlckens as

determined by radiolmmunoassay. Endoerinology 94:1168.

Yuthasastrakosol, P. :Ig75. Ilormone levels in ewes. Ph.D. Thesls' Dept'
of Anlmal Sáfence, Unlversity of Manltoba, Wlnnipeg, Manltoba.

Zleclk, 4., II.J. Shaw and A.P.F. Flint. 1980. Luteal LII receptors during
ÈheoestruseyeleandearlyPregnancyJ.ntheplg.J.Reprod.Fert.
60zl29.

Radlolmmunoassay of plasma estrogens '



106

APPENDIX TABLES



LO7

Concentrations in GíltsTable 1.{. Experiment I:
(n = 4) during

Mean (tSE) Serurn Hormone
the Control Cycle, T1.

Day of Progesterone Estrogens LH Prolactin
cycler (nglnl) (pelml.) (nglnl) (nglml)

47 .24!L3.48
47 .92!L7.34
54.38115.48
22 .35!3.32
]-8.56!5.26
24.65!0 .45
30.5311.65
20.44!7 .05
r8.89!2.48
2r.42!3.73
24.95!5 .76
18.5117 . 70
1-9 . 3619 .01
23 .47 !2 .53
22.28x3.82
15 . 9814. r0
22.39!3.48
20.86!3.92
18.0814 . 43
28.66tL.04
25 .59!L.66
L9.52!4.50
23.29!7.23
L9 .33!2.3L
23.30!3.22
21.5310.18
22.38!2.83
35 .05 tB .45
33. 89r10. 76
25 .59!8.O4
20.52!9 .6L
41.05115 .98
39.52!L4.35
44.97!L5 .L2
52.87!L4 .46
80 .43!20 .7 4
60.10!8.10

a

-1
0
1
2
3
4
5
6
7

8
9

#1 10
2

3
4
5
6
7

B

I
10
1t
L2
13
L4
15

l-1
12
13
14
15

-4
-3
-2
-1

0

0.4810.33
0.27!O.LI
0.49!0.2L
3 .42!3 .84
6.99!4.86
9 .76!3.56

L6.58!3.79
17.43!2.30
24.0015.53
24.r4!2.09
24.25!2.58
26.62!4.35
29 .08!3.27
31. 69 t9 . 80
34.40!9 .65
34. 73110.06
26.58!4.76
3L.98!7 .14
33.47!6 .04
29 .35!5.59
28.97!5 .4L
3s . 87110.08
31 .0416 . 63
22.97t6 .85
16 .94!8.44
24.92!6 .LB
24.38!4 .4L
27 .42!3.89
3L.32!6.77
26.L8!2.57
22.L2!8.63
17 .37!8.70
4.5913.06
3.zLlL.20
L.36!0.44
0. 9910 .52
1 .06t0 . 36

0.\2!.02
0 . 16t.06
0. B7t. 38
0. 36r. 10
0.23!.L2
0.22!.L0
0.26!.L3
0.29!.L2
0 . 19t .03
0 .18r.09
0.1-61.03
0. 101.04
0 . 101. 03
0 .07t.01
0 .08t.01
0.48!.2L
0 . 31t.09
0 . 10r .01
0.07r.01
0 . 08!.01
0.191.13
0. 391.28
0.24!.L8
0. 111.05
0 .28r.l_B
0.161.10
0 . 08t .02
0 .07!.02
0 . 171. 10
0.l-2r.03
0 .11r.05
0 . l-81.05
0.27!.O4
o.22!.04
0.17r.03
0.22!.06
r.o2!.2L

7 .1011. 10
5.75r1.35
7 .83!L.24

10.1113. BB

B. 7313.08
L2.06!3.62
10. 3012.82
10 . 3013. 10
8.23r0 . 39
7.83!2.LL
7 .45!2.5r
8.33!2.95

L2 .47!L.85
8.5511. 65

13.1010 .l-0
6. 3012. 30
9.85r2.35
9.9010. 50

r1.35!2 .75
11.9010 . 70
10.9010 .30
13. 1511.55
13.60r0. 80
t5.20!.40
14.0010 .20
15 .1013.30
L5.40!2.20
L0.72!L.56
l-0 . 85 r1. 44
9.70!L.64

L3.75!2.49
15.0713.56
16 .60!4.64
13.10tl.81
L3.90!2.6L
L0.25!1.64
13.92r0. 80

lOn d.y 10 sarnples rsere collected hourly from OB00h (1) until 22OO]n (15).



Table 24. Experiment I: Mean (tSE)
(n = 4) duríng t}:.e E.-L7B

r0B

Serum Hormone ConcentraÈions in Gílts
TreaËment Cycle, T1.

Day of Progesterone EsËrogens LH Prolactin
cyclel (nglnl) (pelrnl) (nglno1) (nelnl)

1
2
3
4
5
6
7
B

9
10

l-.83r0.45
9 .03!2.L7

L7 .L3!4.02
2L.28!4.O2
23.5L!2.87
27 .5L!3.40
30.7L!5.46
30.4L!6.52
32.97!6.77
3L.84!3.67
33.5014.20
30 .9614 .05
29 .40!3.5L
29.65!2.98
33.66!4 .82
29 .97!3.53
29 .38!3.94
30 .52!3.72
34. 3111.65
29 .87!4.3L
33.L4!5.92
30 .93r5 . 73
27 .8L!3.13
30.5513.64
43.98!6 .70
39 .23!6.06
35.5L!6,77
23.40!2.44
25 .L6!3.7L
26.L5!4.66
26.63!3.67
18 .9 3t5 . 80
22.43t7 .30
8.06!3.44
5.7L!3.42
1. 73!0.61
1.8110.41
L.42!0.34
L.42!0.49
1. 3Bt0 .48

29.69!7.36
3L.4L!LL.27
34.62!LL.8L
32.L2x9 .76
30. 8418.36
37.0419 . 80
42.3L!L0.84
7 4.88!26 .22
6L.32!19.27
33.2418.00

902.L3!204.80
830 .501165 .15
803.071152 . 78
786.40!L44.94
858.64!L72 .04
787 .42!L66.57
792.70!]-68.L5
728.95!L46.43
785.Or!L49.09
707.90!191.15
675 .L4!L42.L7
57L.78!L07.35
554.871110.10
518.261101. 10
L92.82!9L.93
I22.34!50.29
93.65!32 .L7
96.67!36.20
81. 31128.82
7 4.98!L3 .37
7 4 .60!26 .43
44.50!10 .91
89.28!27 .22

l_00 .56136. 19
97 .66!L8.94
85 .07117 . 3B
79 .58!5.02

LL4.83!2L.94
95.59!23.45
83.30r13. 83

0.44!.06
0.22!.O3
0.22!.O8
0.191.05
0 . 181.03
0.331.07
0.321.08
0.20t.07
0.091.02
0 . 10t.02
0.o7!.02
0.09!.03
0 . 111.05
0.101.02
0 . 101.03
0.09r.02
0.071.01
0 . 101.03
0 .05 I .00
0.09t.01
0 . 131.04
0 .10r .02
o.3r!.24
0 . 06r.00
0.061.00
0 .051.00
0.06r.01
0. 211.06
0 .08t.01
0 .201.10
0.13r.08
0.131.04
0 .08r.02
0 . 15 1.04
0 . 201.04
0 .23!.O4
0.211.03
0 . 33i.10
0 .291.05
0 .60t.18

L6.20!4.00
L3.57!2.47
8.6511. 4B

10.90il.06
t0.72tL.97
11.25r0 .90

9 .9011. 30
9.72!T.40

t3.22!r.63
13.2511.51
L2.30!2.22
12.80t1.41
L2 .47 lI .33
L4.70!2.07
L4 .95!2.40
L2 .40!0 .42
tL.72!L.56
L4.25!0,7L
tL.00!2.07
9.25!2.L8

LL.37!L.26
L0 .27!7.32
t2.42!L.BO
I .65 11 .10
9 . 7310. 81
9 .1010 .91

23.35!12.22
9 .82!L.86
9.LzlL.79

LL.45t2.03
L0.52tL.75
L3.92!3.7 3

9 .77t2.78
40.65!26.49
L5.82!L.28
13. 6511.15
L3.80x2.76
t_0. 6711.65
11.60r1.12
LL.47 !2 .64

#L
2
3
4
5
6
7

B

9

10
11
12
13
14
15

11
12
13
T4
15
L6
T7
18
L9
20
2T

-4
-3
-2
-1

0

1r"r" as Table l-4"



Table 34.
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Concentrations in GiltsE>cperiment I:
(n = 4) during

Mean (tSE) Serum Hormone
the Control Cycle, T2.

Day of Progesterone Estrogens LH Prolactin
cycle r (nglnl) (pelÐl) (nglnl) (nglml)

-2 0.57!0.27
-1 0.6510.13
0 0 .95t0.44
1 1.3410.50
2 5.2L!2.56
3 18.6913.01
4 L9.53!9.64
5 24.76!9.79
6 2L.60!7.57
7 24.71!7 .48
B 29.52!5.72
9 29.7015.15

llL LO 24.19!3.76
2 25.09!5 .79
3 22.1813.91
4 23.54!2.73
5 23 .44!2 .7 4
6 23.99!4.43
7 2L.49!L.66
8 20.8211.98
9 24 .33!4.04

10 23.22!4.67
11 L7.36t2.86
L2 20.25!2.69
13 20 .95!2.70
1-4 2L.L5!2.72
15 20.30t1.48
lÍL LL 27 .09!2.3L
2 23.72!3.69
3 20.0111.84
4 20 .57!2.54
5 2L.26!3.95
6 18.51t1.60
7 L8.8311.72
B 19.40t2.87
9 L9.07!2.87

10 20.49!3.69
11 18.6411.93
12 2r.26!4.7 4
13 24 .75!3.95
14 14.65t5.58
15 23.52!4.07
llL L2 28.03!4.06
2 24.60!4.92
3 29.8716.08

56.22!2.07
50.1512.78
56.27!L0.58
17 .60!3.47
L3.68!2.20
t8.43!L.25
15 .05 10 . 20
r8.45!4.L7
23.lL!L.7 4
2L.73!3.77
23.L4!3.99
22.04!4.80
L7.46!3.3L
LB.7B!2.97
L5 .96!2.5L
16 . 15 r3. 96
L4.26!3.39
16.1513.78
16 . 95 13. 80
19.1313.68
L6 .55!2.5r
L5.zL!L.20
L7 .69!2.90
t2.89!2.57
15.7911.56
14.5911.60
15.9613.06
15 .30!1-.42
16.5911.30
t9.77!2.82
L9 .47!4.40
L6 .72!L.7 4
L7 .25!2.86
18.0613.5 2

17.15r1.56
15 .5113. 83
19 .6611.51
L6 .88!2.49
l_8.1612 .04
L7 .22!r.8L
L6.26!2.82
22.78!2.56
20 .56!I.24
L9.54!3.92
20.2813.10

. r¿or . oos
I.2B!.657
.367!.063
.328t.056
.247!.L47
.274!.O05
.253!.029
.359r.045
.282!.L02
.1601.048
.3L7 !.07 4
.079t.014
.242!.LOB
.350r. 151
.2L6!.077
.1971.089
.0961.030
.170r.057
.225!.L40
.zLL!.092
.276!.]-36
.2tL!.070
.L27!.034
.243!.069
.272!.067
.171r.081
.094!.037
.298!.L45
.350r.023
.L20!.026
.101!.041

.L7 4!.092

.0801.027

. 250r .09 B

.1041.031

.0801.023

. 390r.1_03

.25L!.052

.4L7!.L82

. 356t.196

.0891.018

.2L2!.09L

. 1681.113

Continued

8.77lL.L6
12.23!3.2L
9.8512.15

13.55 l0 . 71
L4.37!1-.29
15 .3610.84
L6.66!4.37
12.1611. 80
11. 4311.90
10. 7011. 19
10 .5 7tl .0 7

rL.37!L.20
LL.1,2!2.LL
t0.60!2.29
l-]-.O2!2.L7
10.2011 .15
Lr.67!2 .57
tL.62!2.8t

9 .67!2.L8
8.92!2.33
9 .27!2.04

L2.30!3.78
11.1011. 86
11 .55 l0 . 42
L4.60!2.04
11 .55 lL.27
L7.32!2.24
11 .25 rl . 40
LI.B2!T.75
LL.23!2.L0
LL.B5!2.45
L0.46t2.3L
11.13!1.09
9.92!L.56

LL.56!2.46
14.6013.56

9 .40t0. B0

10. 82r1.82
17.6613. BB

13.LO!z.47
10.3512.85
13.4010.87
L4 .35!I.43
10.9011.23
9.83tI.58



Table 3A (Continued)

Day of Progesterone Estrogens

110

ProlactinLH

/ntcle nelrnl D1 ns./nI

4
5
6
7

I
9

10
11
T2
13
L4
15
llL t3

2

3
4
5
6
7

I
9

10
l-1
L2
13
L4
t5
llL 1,4

2

3
4
5
6
7
I
I

10
11
T2
13
L4
15

15

-5
-4
-3
-2
-1

0

1O1 d"yr 10 through 14, samples r¿ere collected hourly fron 0800h (1) to
2200l.;' (1s).

29.70!5.97
23 .47 !3 .58
24.8L!3.L9
28.80!6 .L7
28.70!4 .36
26.93!4.79
26 .4L!4.4s
26.35!5 .65
24.24!5 .L3
27 .59!3.43
30.57!L.74
27 .85!4.03
35 .4915 . 33
32.L8!5 .17
29 .0013. 89
30.0213.25
27.6L!2.73
27 .97!4.88
26.8L!2.66
18 .6 3r3. 87
25 .L9!2,70
24.70!3.L5
2L.LzlL.BL
27.48!3.L2
24.40!2.86
2L.5L!2.97
22.66!2.74
28.OL!3.29
25.67!3.L2
23.65!2.75
25 .97!4.67
26.L2!3.88
24.00!2.L4
24.27!3.02
27 .79!2.75
28.96!4.30
29 .62t3.34
24.51!2.2L
26.L7!3.69
25.03!3.L2
23.66!4.L8
24.86!4 .49
26.73!2 .25
L8.07!2.02
L3.27!4.61
6.60!3.24
2.92!I.12
r.2r!0.74
0.63!0.27

L9.87!L.49
LB.65t2 .L3
L8.87!3.23
L8.32!L.7 4
L9.L6!L.72
L9 .75!L.84
LB.3L!2.49
L8.37!L.7L
22.45!3 .73
L6.36!4.47
L7.O4!L.76
17 .64!2.38
2L.62!3.80
24.48!5 .L5
20.87!4.90
19 . 3813.5 7

L9.42!3.83
20.96!4.25
24.78!5 .96
L8.93!2.09
18. 3010.41
2L.30!4.L3
L9 .23!2.I9
18.8111. 42
17 .5611. 83
19 .90t4.00
L9 .73!4.30
L9 .29!2.79
2L.7L!2.69
23 .39!2,93
20.L3!3.02
1-9 . 70!1.80
20.44!L.59
23.l_313. 33
2L.69!L.49
24.L9!3.82
22.46!2.44
20 .86!2.77
19. 36tl.7B
2L.08!2.06
22.36!2.63
22.30!5 .L2
22.37!5 .4L
27 "31!5 "49
30.LL!z.79
37.26!7 "94
4L.63!4 .07
51. 7312 . 85

94.63!20 .65

.3091. 136

.290r.068

.2L9!.079

.109r.020

.1101.030

. 180r.099

.0561.002

. 2 B7t. 108

.200!.052

. t_25 r .031

.060 r .000

.056r.003

.066 !.005

.227t.L02

.o84!.027

.375!.L89

.246!.08r

.089r.032

.L27!.04L

.169 t. 115

.090r.037

.056 !.002

. l*16 r. 06 3

.L02!.034

.2011.061

. 121r .030

.L32!.07L

.171t.086

.229!.r57

.2L9!.096

.101t.031

.L32!.064

.062r.005

.239!.069

.085 1.011

.0601.004

.05 7! .002

.1861.078

.236!.079

. 1401.050

.068r.011

.0 70 t. 011

.L25!.044

. 1-69 ! .0 75

.224!.067

. 192r.01-1

.l_34r.017

.207r.008

.526!.295

8.73r1. 89
11 .9 711. 5 8

L2.02!L.43
L2.02!2.20
L0 .42!1.25
13.1211. 81
13.20!1.06
L3.40!L.67
LL.72!L.7I
12 .1010 .66
L5 .86!2.65
14. 33J0.88
L7 .05!2.59
LT.Iz!L.7I
9.00!2.36

LO .27lL.73
11.05tl.02
11.3011 . 89
10. 37!1.10
Lr.22!7.57
12.20!2.09
t2.00!2.25
8.37!2.13
9.62!L.89

rL.60!1.27
tL.70!2.L2
tl .9 711 . 35

L4.L7!L.04
13.90!0.47
L2 .47 !2 .47
L3.42!3.00
10.57r1-.10
l_1. 8711.41
L2.27!L.99
l-3 . 3511 .0 2
LL.90!2.77
13 . 2011 .05
Lr.02!2.54
11 .9 8i0 . B2

l-3.0511.39
14.93r0 .48
18.8011. 74
L2.57!2.27
39.45!L7 .86
43 .45!24 .86
27.70!7 .68
16 .6016 . 85
L4.95!2.72
L2.05!L.77



Table 44. Experiment I: Mean (1SE)
(n = 4) during the Er-L7ß

111

Seruu Hormone Concentration in Gilts
Treatment Cycle, T2.

Day of Progesterone Estrogens LH

cvcler (nelnl) (pel81) (nelnl)
Prolactín

(nelITI1)

-t_
0
1
2
3
4
5
6

7
8
9

IIL LO

2

3
4
5
6
7

B

9

10
11
L2
13
L4
15
IfL LT

2
3
4
5
6
7

B

9
10
l_1

L2
13
L4
15
IIL L2

2

2.98!L.59
0.75!0.26
I . 81t1.02
1.8910.66
4 .57tL.45

L2.96!4.23
1,8.72!3.79
2L.74!4.52
28.78!3 .04
30.22!2.80
33.54!4.L2
27.46!L.39
26 .07 lL.86
24.42!2.49
26.LglL.40
24.67!2.64
22.74!O .69
24 .5 3r1 . BB

26.39!3.39
25.65!3.64
28 .15 i5 . 36
23.46!L.53
2L.82!2.86
20.58!2.36
27 .62!4.62
24 .45!3.51
27 .43!8.06
22.L4!0.5L
24 .03!2 .7 4
2L.93!4 .38
2L.r4!3.L5
22.43!2.25
20.67!2.00
2L.07!3.32
24.56!4.93
23.L7!3.64
20 .75!2.32
22.39!3.01
28.80!3. 80
25 .34!2.49
27 .67 !2 .L7
30.24!4.05
32.66!4 .06

aa. rztro . eg
68.43118. 89
46.40!L8.54
44 .78!2L.39
3L.70!L2.57
45 .58!L2.94
46.97!7 .66
39.37!6.54
42.27!9 .20
42.31!8.3L
3L.43!6.99

LL79 .75!L6L.43
LL43.92!L55 .97
1082 .55 r113. 85
922.45!275 .79
975.70x205.03
872.54!L45 .BB
826 .07!L58.23
90L.32!L79 .04
890 .811116.49
86 3 .65 1136 . 14
780.72!140.33
734.6s!97 .75
569 . 95 t81.99
525 .14!89 .00
311.45183.63

1111 .091168.06
1035.531127 .L9
rL32.s4tL4L.46
LL6B .1_4!203. 83
98L.44!L42.69
994 .L4!LL2.7B

1017.071136 .50
932.64!LL2 .2L
84L.83!104.72
759 .L2!LL4.0L
756 .34!L0L.25
756.80!L22.56
797 .L3!L44.35
744.74!L25 .70
48L.65!LL7 .77

L257 .06!170.32

.526!.294

.5r5!.L76

.442!.0r3

.260t.053

.316!.091

.3301.063

.225!.050

.278!.062

.206!.099

.26L!.L39

.1081.038

.224!.070

. 1_361 .0 34

.092!.0L2

.L65!.07 4

.0841.013

.0961.019

.1071.019

.L79!.045

.061r.006

.L46x.049

.095 t . 019

.056t.003

.0 70 I .009

.06 2 r.006

. 066 r. 009

.079!.0L2

.062 r . 009

.085 r. 02 7

.0901.021

.079!.025

.089t.012

.079!.0L4

.055 t .00 3

. 055 1.003

.06lt.008

.056 1 .002

.064t.011

.06 71.011

.0611.005

.061r.006

.0821.009

Continued

L2.05!I.77
L5 .67!2.27
28.20!L5 .9L
28.85rr5.38
10.1011. 12
L2.20x2.77
12 .00 tl . 50
10 .7010. 38
14.0512 . 81
L2.80!2 .72
L2.80!2.2L
Ll..B2!2.97

7 .73!0.98
12.72!L.58
13.3014.03
15 .85r0. 7B
LL.27!2.42
L3.87!T.29
L3.55!L.77
10. 85 12 .04
L3.62!3.25
t4 .77!L.BO
]-4.80!2 .77
L9 .20!2.95
10 . 40rl .5 3
11.1012 .78
11.00tI. 77
13. 35 tl . 31
LL.25!L.92
L5.07!4.L9
L3.20!2 .91
Lr.92!2.48
r0.65!2.L2
11.4511. 84
13.4510.98
13. 85 !0 .92
12 .45 tl .69
L3.65!2.93
L2 .20!2.40
t0 . B012 .69
15.5511.63
14.0011.43



Table 4A (Continued)

Day of Progesterone Estrogens
cvcle (nelnl) (pelnl) (nelml)

LH

LI2

Prolactin
(nelrn1)

J

4
5
6
7

8
I

10
11
L2
13
I4
15
IIL L3

2
3
4
5
6
7

B

9
10
11
L2
13
L4
15
IfL L4

2

3
4
5
6
7

B

I
10
11
L2
13
T4
15

15

26.L9!r,45
23.07 !4 .I5
24.45t3 .22
24.42!3.0L
24 .49!L.39
27.60t2.27
25 .62!2.75
26 .44!3.09
25.L7!L.70
24.L2!2.55
22.60!L.59
25.74!L.68
22.64!L.07
32.54!2 .77
25.24!0.66
29 .09t4.84
2L.02!2.5L
23.75!L.53
23.69!L.07
23 .67!L.86
24.57!L.64
24.02!L.74
23.gL!L.87
23.54!L.76
23.83tl. 36
22.99!L.L6
2L.05!L.44
23.65!2.86
26 .30!2.L0
23.3810.18
22.79!2 .64
30.23!5 .64
27.LL!2.04
22.L7!2.98
28.43!4 .98
27 .40!3.43
25 .53!L.39
23.7 4!2 .75
25 .50!2.L0
28.8513.95
24.3L!L.65
22.32!2.t9
24 .34!2.2L
28.51r1. B0

L270.79!L45 .67
1101.581145.93
1037. B0!L43.29
L023.52!142.60

978.99!1-40.34
1045.45r133.49
1034. 78rBB. 39

8L4.54!209 .27
L025 .L4!82.r7
92L.85!97 .48
944.92!52.2L
875 .31140 .36
897 .97!76.46
372.00!LL6.84

1380.26!L64.69
1181. 39!252.57
1189 .8r1121.13
1119 .381191.66
LO23.78!L25.56
t094.6L!62.30
1000. 77!49 .L5
1020.8L!L4.76

894.59 r113.90
92r.07!44 .98
767 .09!tB.4B
7 40 .42!8L.43
69L.2L!72 .7 8
642.39!67 .55
5L6.L6!77 .07

r2L0.L8!62.34
1088. 80!66 ,57
10 7l- . 4L!7L.09

964.02!LO7 .80
963.77!LL6.47
859.56!LL7 .2L
957 .28!48.BB
989 .7 4!200 .50
865 .99183.28
78L.60!L39.96
69L.9L!r66 .7 4
6L8.2s!L74.43
518.35!94.61
57L.29!77.80
36L.80!66.37

.090!.024

.0641.00 7

.057!.002

.065 1.009

.087!.024

. 100 t. 029

.072!.0l-6

.056r.002

.062!.007

.0681.014

.0651.010

.05 71.003

.0681. 014

.0561.002

.095 r.045

.05 31. 00 3

.05 7r.00 3

.L52!.062

.072!.0L2

.05 7r.003

.0531.003

.05 31.003

.065 I .010

.0531.003

.055 r.005

.068r.013

.067!.0L7

.055 r .005

.05 7r. 00 3

.I42!.092

.058r.008

.118r .06 3

.077 !.022

.05 31.003

.05 31 .003

.05 3t.003

.0651.015

.05 3t .003

.05 3t .003

.05 3!.003

.088t.036

. 095 t .040

.0531.003

.0561.004

ConËinued

]-3.05!2.04
15 .55 11.5 7

12.67lL.90
L2 .27 lr.83
LL.62!L.87
12.7511.08
8.65!2 .25

IO .45!2.20
L2 .56!2.79
13.8010. 30
L2.73!1-.62
13.0010.98
L3.53tO .67
L4 .07 lr.27
L6 .93!L.79
12. 3310. Bl
12.6011.03
13. 6611 . 35
12 .60!1 . 11
15 .8613.15
L2.L6!3.L2
L4.26!L.LB
10.33!2.68
9.93!L.27

13. 2011 .40
10 .16t0 . 86
L2.46!r.96
L4.43!2.72
L3.73!2 .96
11 .40r1. 40
10.6610 .35
11.4311.96
11.73!1.36
L5 .93!L.92
LL.46!r.73
13.2610. 89
10.3011.50
13 .0011. 0 3

13.5611.08
12.0610.78
L2 .46!L.44
t3 .20!\.7 4
L3.26!I.42
L0 .L7!2.37
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Estrogens Prolactin
cycle (ng/nl) (pelrol) (nel*1) (nelml)

Table 4A (Continued)

Day of Progesterone LH

L6 27 .36!2.77
L7 22.74!2 .60
18 2L.L3!2.03
19 19.17t1.83
20 L9.39!0.96
2L 15.8613.65
22 L2.rO!3.92
-s Lo.4r!2.56
-4 6 .54!3.73
-3 4.38!2.67
-2 L.82!O .57
-1 1.2310.51
0 I .39!0.77

200.76!20.26
135.58119.38

94.82t7 .80
76.2L!7 .59
72.3L!L4.49
74.96!24.45
44.30!5.42
53.0015 .78
5L.L7!4.32
39.86!9 .27
87 .42!26.63
80. 88117.58
97.18115.00

.057!.002

.0561.004

.05 7r.005

.0 79 r .011

.259!.068

.2 70t .080

.2lO!.074

.3L2t.L12

. 399r.010

.260!.076

.254!.055

.282!.039

.495 r. 135

9.0010.86
L0 .t2!2.55
1-3.02!2.L6
11.46t0.93
73.70!2.30
2r.80!4 .5r
34.20!19 .46
L9 .40!3.78
48.45!L9 .33
L5.55!2.23
11 .2310.63
11 .0 711 . 20
18. 73!5 .15
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