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ABSTRACT
. . (\ .
Ph.D. Rajadurai Rajamahendran . Animal Science
) . (Reproductive
ROLE OF .OVARIAN STEROIDS -ON Physiology)

ESTRUS CONTROL IN BOVINE

A simple and inexpensive vaginal dévice consisting of
\éilastiq tubing containing progesterone and estradiol-178 was
developéd to control estrus in cycling ﬁeifers. More than 90%
of the heifers retained the de&ice and there was precise syn-
'ch;onizatibn of esfrus after removal,

Effects of silastic vaginal device containing either
estfadi§1-17s, proggsterone or progeéterone + estradiol-178 on
egﬁrus and IH releage were studied in sixpovariectomized heigers.
Results showed that brogesterone blocked estregen induced estrus
and LH release.

Influence of progesterone priming on induction of puberty
was studied in 32 heifers. The results demonstrated that pro-
gésterone pretreatment inéreased the response to an ovulatory
stimulus.

Effects of silastic vaginél devices containing either
pfogestg;one, progesterone + estradiol-17g8 or no steroid on
progesterone and estrogen cytosol receptors\in ta;get organs
were studied in 11 prepubefal heifers. A significant decrease
in:pferine'estrogen recaptoré occurred in steroid treated
heifers. Specific progesterone and estrogen receptors were

®

demonstrated in anterior pituitary and hypothalamus but no

-

difference was observed in receptor concentrations.
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RESUME

Ph.D. T Rajadurai Raj&mahendfan - o Zootechnie
. ) (Physiologie de

\ S ) ' la Reproduction)

/ .
ROLE DES STEROIDES OVARIENS SUR ‘

'LE CONTROLE DE L'OESTRUS CHEZ . : S,
LES BOVINS :

-

Le controle de 1'oestrug chez les génisses cycliques a
&tE Evalué gréce A un nouveau dispositif intravaginal simple et
non dispendieux, fait de tube silastique contenant de-la pro-
gestérone et de l'oestradiol-17B. Ce dispositif a &t& retenu
par plus de 90% des sujets et, aprds son retrait, la synchroni-
zation de l'oestrus s'est avérée préc;se.
Les effets de ce dlspositif contenant soxt de 1°' oestra—
diol-178, de la progestérone ou en combinaison sur l'cestrus et
la’ secrétion de LH oht &té& &tudiés.chez six génisses ovariecto-
misées. Comme les résultats le montrent, la progestérone a

blogué 1l'oestrus induite par l'estrog®ne et la ‘Secr&tion de LH.

L'influence de ia progestérone sur-l'initiation de 1la
puberté a &té& analysée chez 32 génlsses. Les ré&sultats d&mon-
trent l1l'augmentation de la réponse 3 un 51gna1 ovulatomre sui--

~vant un prétraitement avec de la progestérone.

Les effets du dispositif 1ntravag1na1 soit vide ou avec
de fa progestérone, ou de la progest&rone et d'oestradiol~178
sur les récepteurs cytoplasmiques des organes cibles pour
1l'estrog@ne et la progestérone ont &t& &valués chez 1l génisses
prépubdres. Une dlmlnutlon significative dans les récepteurs
estrogéniques ut8rins s'est manifestSe chez les sujets traités
avec les stéroides. Des ré&cepteurs spécifiques pour la pro-
gestérone et l'estrogdne ont &t& trouvés dans 1'adénohypophyse
et 1'hypothalamus. Cependant, aucune différence n'a pu &tre
établie. dans le nombre de ces ré&cepteurs.
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INTRODUCTION

The development of artificial methods for regulating the
estrous cy;le in various species of farm animals has long been
a goal of animal physiologists. This regulation of estrous
cycle or synchronization causes many females to exhibit eétrus
on the same day or within'a period of two to three days. 'Effec-
tive methods for controlling the time of estrus and ovulation
in bovine would have several practical and experimental appli-
cations. . |

’ ®
Estrus control in bovine will likely find its greatest

application in the commercial beef operation. The difficult

task of heat detection while cows are on pasture has practi-

R '
~cally prevented the use of artificial ingemination. However,

estrous \synchronization in large groups of cows will result in
more widespread application of artificial insemination in these
operations. In the dairy industry estrus control will prob-
ably be used mainly to breed a group of heifgrs on a single
day. This will enable more heiferé to be bred artificially

and will reduce the number bred naturally, while on pgsture, by
bulls of quest}onable genetic merit. Increasing the size and
efficiency ofudairy operation has encouraged the practice of
raising large numbers of replacement heifers as a specialized

operation. Development of successful methods for synchronizing
1

b
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estrus is expected to accelerate this trend, since it will make

it possible to market groups of heifers bred to calve on given

dates.
. %

Another important reason for syﬁﬁhropizing estrus in
bovine would be to reduce the spread of parturition dates,
especially when followed by methods designed for the induction
of parturition. This would reduce the labor requi;ed for calv-

-
ing, and would increase the efficiency througﬁ the feeding and
handling of uniform groupé of growing and finishing animals.
Specialized raising and feeding areas could aid in the preven-
tion and control of disease, especially in young calves.

One of the ﬁost important applications of estrous syn-
chronization in the bovine is to increase the efficiency of
embryo transfer. A close synchronizatien of the estrou§ éycles
of the donor and the recipient animal is essential to obtain
guccessful pfegnancy following tranéfer.

Many procedures are available to synchronize estrus in
cattle. Removal of the corpus luteum by manipulation of the
ovary through the rectal wall»results in estrus and ovulation.
This method is not used routinely because of the high incidence
of adhesions around’the oviduct and excessive haemorrhage after.

removal of the corpus luteum. The other procedure involved the

v

use of progestine to prevent estrus and ovulation until all

corpora lutea have regressed. Progestins have been administered
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in the feed, drinking water, as subcutaneous and vaginal tampons.
Best synchronization results have been obtained by treatiné with’
human chorionic gonaéotrophin, estradiol benzoate or gonado- ‘\
trophin releasing hormone after the termination of progestin
treatment. However, the conception rate following the synchro-
nized estrus are 10 to 15% below that of control animals.
_Recently it has been reported that use of short-term
progesterone + estrogen combination treatment to synchronize
estrus in bovine has improved the fertility‘rates. Further
work is necessary in this regard to develop a satisfactory
treatment regimen involving progeste;one and estrogen to syn-
chronize estrus in bovine and become practical to the live-
stock producer. Furthermore, the rolé of progesterone in the

a0

control of estrus and ovulation in bovine is yet to be identi-

fied.

The other major approach to estrus synchronization is

°

to cause rapid luteal regression by prostaglandins, particularly

prostaglandin Fou (PGFZG)' Practical application of’PGFZG to

synchronize the est;ous cycle in domestlic animals has&?een
attempted in many laboratories. Studies in cattle indicate™ .
that administration of PGFZa.between day 5 and 16 of the cycle
causes most of the animals to come into estrus in about 72

hours post-treatment. Fertility following treatment is reported

to be normal. Double injections of prostaglandins F,, given

r
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11 or 12 days apart were able to synchronize all heifers, in-
. f

cluding those between day 0 and 4 of the cycle. 1In spite of

the encouraging synchronization results, PGFZu has known side

°

effects and hence it may not be the drug of choice fér estrus

hY

synchrpnization in cattle.
Puberty is an important reproductiv; phenomenén in dairy
and beef heifers. With increased emphasgis on breeding heifers
to calve at two years of age, egtreme delays in reaching puberty‘
will have a detrimental effect on breeding efficienc?. There
is increasing evidence that heifers bred to ca;vg’just at two -
years of age produced more calves in their life time than
those calving first at three years oxr older. To maximize effi-
ciency and profit, heifers must reach pubefty early and be
cycling during the breeding sedson, hence induction of puberty
by hormonal ;anipulation is indicated.
Induction of'puﬁerty in prgéuberal heifers will find
its greatest application in ova’ transfer. It has been shown
that prepuberal calves responé to superovulation treatment
better than cycling and pos£ partum cows; however, the recovery
and fertility rate seems/to be low. This has been attributedq
to poor reprg?uctive £ract development. Tﬁeféfore, by inducing
puberty in s&perior females using hormonal treatment, it ﬁay
be pogsibleﬂto obtain a ﬁuch greater number of offspringn by

»

ova transfer. Furthermore, progeny testing of females could
, ]

4
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. be achieved at a much earlier age.
Many attempts have been made to develop a satisfactory

treatment, using different combinations of steroid and gonado-

trophic hormones to induce puberty in prepuberal heifers. To

;ite, short-term progestagen implant treatment coupled with

an injection of estrogén has given the best results. Further

work is necessary to develop a simple, reliable and satisfac-

tory hormonal treatment to induce cyclic activity in prepub-~

eral heifers.

In the field of research, the hormonal induction of
puberty offers a very useful tool to.-study the hormones in-
volved in the onset of natural puberty. Studies on induction

of puberty and hormonal concentrations at onset of natural

puberty strongly suggest that progesterone is involved in the

2 sk et

final events leading to puberty in bovine. The mechanism of

its action is yvet to be determined.
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LITERATURE REVIEW

\',V,‘
Bovine females first exhibit estrus at 8~18 months of

age- when they weigh about 250 kg. There is a wide range in
age and weight at puberty and this range depends on breed and
level of nutrition (Morrow, 1969). Estrus occurs at fairly reg-
ular intervals usually witpin a range of 18-24 dayﬁ. The inter-
val from the beginning of ong;gstrus to the next is called the
est?ous cycle. The estrous cycle can be divided ingz four
phases called proestrus, estrus, ﬁetestfus and diestrus. Pro~
estrus is characterized by increase in follicle size, thicken~
ing of vaginal wall and increased uterine vascularity. Estrus
is a period of receptivity to the male and lasts for 18-24 hr
with some variation among breeds. Ovulation occurs spontaneously
about fo hr after the end of estrus (Cupps et al., 1969). Met-
estrus is the post-ovulatory phase during which f£ormation of
corpus luteum takes place. Progesterone, a hormone secreted by
the corpus luteum, preventé occurrence of further heat pefiodsm
Estrus does noé occur so long as an active corﬁus luteum isg’
present, Diestrﬁs is the short period‘pf quiescence between
estrous cycles,

Most of the early work reported on the control of estrus
utilized daily injections of progesterone (Christian and Caqida,

S

6
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1948; Willet, 1950; Ulberg gg'gi., 1951;: Hansel and Trimberger,

1952; Dziuk, 1966). The duration of the treatment lasted 13 to
I

18 days. About 48 to 72 hrs after cessation of progesterone
treatment estrus began with ovulation oceurring 36 to 48 hrs
later (Dziuk, 1966). Nellor and Cole (1956), in an attempt to
overcome the practical disadvantages of daily injections, re-
ported that a single injection of 560 mg prongterone in starch .
emulsion, followed in 15 days by a single injection of 750~2140

IU of equine génadotrophin (PMS), resulted in 90% of the noxr-

mally cycling heifers showing estrus 1-4 days after PMS injec-
tions. < j
A wide variéty of potent orally active compoun@s inhibits
estrus in bovine (Baker and cgggins, 1968; Dhindsa et al., 1967;
Fahning et al., 1966; Menge and Christian, 1968: Q'Brien and
Zimbleman, 1970; Wiltbank and Kasson, 1968; 4nd others). Orally
administered mgdoxy progesterone l7-acetate (MAP), when given
daily at levels of 180-200 mg, was effective in inhibiting esttus
and ovulation (Hansel and Malven, 1960; Dhindsa et al., 1967).
Chlormadinone acetate (CAP) was equally effective when only 10-
20 mg was administered dailg'(Wagner‘gg al., 1968). A third
compound, melengestrol acetaté {MGA), was even more potent
orally and thé.effective dose was as low as 0.5 mg daily (O'Brien

and Zimbleman, 1970; Roussel and Beatty, 1969; Smith and Zimble-

man, 1968). Six-methyl-l17-acetoxy progesterone (Repromix) when
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. 'fed twice daily at a dosage level of 180-400 mg also sucégssf

fully inhibited estrus (Zimbleman, 1963; Nellor , 1960). High
cost of feeding hormones,qvariability in estrous respdnse and
the practical probiem of feeding large number of animals in a
herd resulted in oral administrations of hormones being imbrac-
t%cal for the producer,

A great deal of effort has been expended to develop a -

3

subcutaneous implant or vaginal pessary that would allow for
passage of constant and continuous amount of progestagen for

M

the duration of the cycle. Dziuk et al. (1968) used silicone
subcutaneou; implants to control estfus in ewes., The implants
were impregnated with melengestrol acetate (MGA) and kept in
place under the skin of axilla for 14 to 45 days. Ninety-five
per cent of theestrous cycles were inhibited and 75% of the
ewes were in estfus between 36 and 54 hours after imélant re--
moval. The conception rates and number of lambs born from
treated ewes did not differ from controls. The use of MGA
implants in cattle have also been reported (Lauderdale et al.,
1972). 1In a group of 32 heifers which had the implant in place
subcutaneously for %4 days, 87.5% were i? estrus two to six

days after implant removal. Less precise synchronization was

obtained if the implahts‘were in place for 28 days.\ Estrus was

also successfully synchronized using subcutaneous implants cQh~

taining Norethandrolone (NILVAR) (Wiltbank et al., 1971) and .

(A

e e Pim ciase

e e



-
N

progesterone‘(Roche, 1974), In spite of the high success rate,
the large surface area requifed to release sufficient progester-
one to block estrus in cattle does not favour their widespread
use, |

Robinson (1964,1965) reported synchronization of estrus
;nd ovulation in sheep following removal af intravaginal sponges
impregnated with 17a—acetoxylfluoro-llé hydroxy progesterone
(cronolone). Further work (Robinson, 1967) has showﬁ‘that this
technique enables simple and precise control of ovarian func-
tion in sheep. ' The rétention rate of intravaginal sponges in
cows and heifers has been variable (Carrick and Sheltoh, 1967;
Wishart and Hoskin,.l968: Scanlon et al., 1972; Sreenan, L974)‘
and is therefore impractical for estrous synchronization in cattle.
ﬁowever, silastic vaginal coils containing proges;erone have
been shown to suppress estrus and ovulation in cattle arnd the
retention rate was reported to be excellent (Mauer et al., 1975;
Roche, 1975).

In an attempt to achieve a more precise synchronization
and ovulation following progesterone treatment, various other

hormones were administered after termination of progestin

treatment. Baker and Coggins (1968) injected 1000 IU of HCG

into beéf heifers 48 hours after the last 6 chloro-17 acetoxy

progesterone (CAP) treatment and observed no significant effect
N )
on the incidence of estrus or conception compared to those with
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CAP alone. Wiltbank et al. (1971) fhjected 2 mg of estradiol-~

178 into beef heifers 24 hours after removal of jmplants con-

taining Norethandrolone (Nilvar) and found that ldO% of the

~

animals came into estrus within a 48-hr period and 100% ovulated
within a 36~hr period after implant removal. Similar synchroni-
zation results were obta;ned by Hansel and.:Schechter (1972)

using MAP and egtradiol benzoate. Mauer et.al. (1975) injected

100 ug of gonadotrophin releasing hormone (GnRH) 30 hrs follow-
ing 21-day prog¢sterone treatment and observed 90% ovulated
within 69 hrs after withdrawal of progesterone treatment. They,
reported a conception rate equal to or better than the same

number of controls following progesterone and GnRH treatment.
Q
In spite of the successful synchronization observed, the
14 . s
fertility rate following synchronized estrus was reported to be

variable and generally low (Hansel, 1967; Johle, 1972). The

¥

reduced fertility has been attributed to changes in quality and

guantity of cervical mucus (Johnson and Ulberg, 1965; Hill et al.,

1971), changes in body tempefature (Johnson and Ulberg, 1965;

Long et al., 1969), changes in time required for sperm capacita-

tion (Lauderdale and Erickson, 1970), histological changes in

endometrium (Wordinger et al., 1971), altered transport of ova

—

through the oviduct (Reed and Rich, 1972, changes in the cyto-

chemical characteristics of granulosa cells (Kruip and Brand,

&

a -

1975), high progesterone concentration three or four days before

\

o
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synchronized estrus (Henricks et al., 1970; Britt and Ulberg, \

1972), and higher esxrbgenqsque at synchﬁdnized estrus than that
observed in untreated,cowé ét the,timq of estrus (Hackett et al., ‘
1972). e .

‘ ®

. ’ o ,
| Fertility rate comparable to controls was obtained in

heifers synchronized by feeding a progestagen for 9 days and
injecting éstradio}—l?ﬁ.on thé"seqbnd day of progestagen treat-

ment (Wiltbank and Kasson, 1968). Estrogen was administered to
0 / B - -

cause early regression (Wiltbank et al., 196&? Kaltenbacﬁ et al.,

-

1964) progesterone to block estrus and ovulation (Hansel et é;.,
Lamond, ,1964) . Siﬁ&larly, high fertility rate hés,also been

-
J

reported by using short term (9-12) days)‘sdbcutaneoué progestagen’

> ) - )
implant treatment and an injection of esgtrogen at insertion (Roche,
1974; Wiltbank and Gonzalez-Padilla,; 1975).

The results with estrogen, progesterone sequéntial treat-

1

ment are encouraging. One boésibility of overcoming the préctical

3

problem of using subcutaneous progestagen im?laﬁt and an injectioﬂ

of estradiol benzoate is to develop a short term vaginal device to

release estradiol for the first two days of treatment and pro-

gestercne for a period of 9-12 days. A -

Anotheroappfoach to estrous synchronization is to cause -

o

rapid luteolysis by prostaglandin Fy, (PGF, ). Administration

©

2a

of PGﬁza to cows between day 5 and ;6 of the estrous cycle was

\

followed by a detrease in serum progestefone {({Louis ggyal., 1973;

-

Py J

o Gl 3
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. Rajamahendran et al., 1976) and returned to estrus within 72

.

hrs (Rowson et al., 1972; Lauderdale, 1972; lLouis et al., 1973;

Inskeep, 1973; Rajamahendran et al., 1976). The fertility fol-

lowing induced estrus appears to be normal (Rowson et al., 1972;

-

Inskeep, 1973; Lauderdale et al., 1974). A major problem in

this treatment is that cows in first five days of the cycle do

not respond to PGFZa' Double injection of prostaglandin 10-12

3,

days apart without reference to Pprevious natural estrus resulted

&

in the majority of animals returning to estrus 48 to 72 hours

o

) <
9/ after the second injection and the fertility based on small

ha
IS
)
H
1
«
3
»
v

L4

number of animals appeared to be normal (Cooper and Furr, 1974;

CF s Tkettitndn Ly v

‘3 Lauderdale, 1974; Rajamahendran and Baker, 1975).
. A;y consideration of the capabilities and limitations of
estrogen plus progesterone method for cycle regulation.needs to
be prefaced by a consideration of current knowledge of blood ®
hormone levels in normal animals. Several features of the . s
data relate directly to estrous cycle control techniques.
Plasma lutenizing hormone (LH) concentrations remain relatively
low during the part of the cycle when plasma progesterone con-
centrations are high and relatively large peaks of short dura-
tién in plasma LH occur at about the time of estrus (Henricks
et al., 1970; Snook et al., 1971; Echternkamp and Hansél, 1971).

(} Three peaks in plasma estrogens are seen during the cycle in

the cow (Henricks et al., 1971; Echternkamp and Hansel, 1971)

b
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and each peak seems related to a period of accelerated follicu-
lar growth. One peak occurs early in the cycle and before plasma

progesterone levels rise appreciably; another occurs after plasma

progesterone declines and is probably a reflegtion of growth of
the ovulatory follicle. The third peak appeéars just prior to
corpus luteum regression. These data emphasize two things -

(a) the central role of plasma progestefone levels in control- 4

ling the estrous cycle of normal animals, and (b) the possible
role of estrogen in corpus luteum regression.

The role of estrogens and progesterone in corpus luteum
function in the bovine has been examined by many workers.
Greenstein et al. (1958) first reported that estradiol injected
daily on days 2 to 12 inclusive of the estrpus cycle caused
early regression of the corpus luteum. Wiltbank et al. (1961)
verified this observation and stated that single intramuscular
injections of as little as 5 mg of estradiol valerate or 25 mg
of estrone would cause early corpus luteum regression. ” Re-
cently it has been reported (Lemon, 1975) that estrogens show
a variety of effects‘on the bovine corpus luteum depending on
the stage of the cycle at which they are administered. Iuteal
regression was observed only during luteal phase. Exogenous
administration of progesterone early in the éycle before pro-

gesterone rises, also shortens the length of the estrous cycle

and reduces corpus luteum weights in the cow (Harms and Malven,
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1969; Ray et al., 1961; Woody et al., 1967). It was observed
(Harms and Malven, 1a969) that progesterone injection} had to be
started on day 1 and continued until day 3 for malximum effec~
tiveness. If progesterone injections were not started until
day 2, tl"n'e inj{ectic'ms had to be continued ‘beyonci day 3, in order
to shorten the cycle length. Woody and Ginther (1968) also
showed that there was greater reduction in estrous cycle léngth
when progesteroné injections were started on the day of estrus
t'han when started two days later.

The synchronization of estrous behgvipur with ovulation
is necessary for fertilization and establishment of successful
pregnancy. From extensive studies in the ovariectomized ewe
(Robinson, 1959; Scaramuzzi, 1968;1971),; it is now understood
that both progesterone and 17p-estradiol play an important
role in the induction of estrous belaviour. Progesterone prim-
ing in the ovariec:tomized ewe has been shown to reduce the
median effective dose of estroﬁp necessary to induce e@strous

a

behaviour (Robinson, 1959), to decrease the time between injec-
tion and onset and to increa;e the duration of estrous behaviour y
(Scaramuzzi, 1971)‘. However, if levels of progesterone remain
elevated at the time of estrogen surge, estrous behaviour is
completely inhibited (Robinson, 1959; Short et al., 1973). The

progesterone block of estrous behaviour is mgst likely at the °

hypothalamic level, because estrous behaviour can be induced in

Ry
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a

estrogen—trgated‘castrated fégales regardless of the presence of
p;Fuitary gland‘(Astwood*and Dempsey, 1941l; Dey et al., 1942).
Since luteinizing hormone (LH) has been often suggested
to be the pituitary hormone directly responsible for ovulation
in the cow, considerable interest centered on the role of pro;
gesterone and estrogen in the release of LH.’ Several resear-
chers (Howland et al., 1971; Hobson and Hansel, 1972; Short et
al., 1973; Hausler and Malven, 1976) were able to reproauce'thé .
plasm# preovdlatory LH surge in the ovariectomized cow by ad-
ministration of estradiol. Intramuscular injection of-ZOO pg”
of estradiol benzoate resﬁlteq in LH surge apprqximately 42. 0
hr post-injection (Hobson and Hansel, 1971). An unphysiological

dose of 10 mg l7p-estradigl resulted in an LH surge 20-26 hr

post-injection (Howland et al., 1971; Short et al., 1973;

o

Hausler and Malven, 1976), which may indicate .that latent period
to be dose dependent. A large number of similar experiments
conducted in monkey (Karsch et al., 1971), rat (Ferin et al.,
1969) and sheep (Gordinget al., 1969; Scaramuzzi et al., 1971)
have given similar results. ‘

Additional support for an estrogen stimulated IH release

i
can be inferred from plasma estrogen concentrations (Echtern-

t

kamp and Hansel, 1971; Henricks et al., 1971; Christensen et

1., 1971) and urinary estrogen excretion values in the cow

[4
(Garverick et al., 1971). Echternkamp and Hansel (1971)

v ‘ :
) «
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. observed a rise in estradiol .amd estrone values priéryto estrus
with the maximum mean vélue at estrus. A LH peak occurred on

the day of estrus. Henricks et al. (1971) measured total estro-

. gen in samples collect;d twice dai}y fouf days prio? to estrus, the
v’jhvels are in agreement with the previous investigétions. Christ-

ensen et al. (1971) also measured total estrogen in bovine bleod

at four-hour intervals and found estrogen levels highest approx-

imately 24 hours before the LH peak. Garverick ggig;. (1971) i

NEPEHIEY

reported an increase in the urinary excretion of estradiol-l7a i
in th¢~cow‘two to three days prior to estrus with the peak value
occurring on the day of estrus in most ipstances.

The mechanism of aétion of estrogen in gonadotrophin

release is not well understood. Estrogen increases LH release

in the ewe (Radford et al., 1969; Caldwell et al., 1970). The
latter workers provided additional evidence that estradiol was
essential for indu;ing the LH surge, since animals‘immuniz;d
against estradiol-l?B—hemisuccinyl-BSA did not sﬁow any peak
of 1IH fq&lowing tﬁe'injeéfion of 17B-estradiol. Evidence for -
hypothalamic control of luteinizing hormone via the action of
luteinizing hormone releasing factor on the anteriorx pituitaxry ﬁas
! been reported in the rat (Schneider and McCann, 1970), sheep

(Reeves et al., 1971) as well as cow (Hackett and Hafs, 1969).

However, the sites of action of estrogen on LH release are not

“ [y

wall defined, but it appears to have an action on both

s
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hypothalamus and anterior pituitary level as indicated by the

presence of specific bindihg sites in both pars distalis and ~

anterior hypothalamus (Kato and Villee, 1967) of the rat. There

-

is also evidence that estrogen receptors exist both in the hypo-

thalamus and anterior pituitary. Thus tritiated hexostrol was

TR I U C S W Ty W e P

shown to be concentrated %n the anterior pituitary of goat and

sheep (Galscock and Hotkstra, 1969). Although uptake of estro-

TR IGE T

gen by the hypbthalamus is quite low relative to that by the

LA JCSTCen T,

pituitary, investigation by both biochemical (Kato and Villee,
1967; Parker and Mahesh, 1976) and autoradiographic methods

(Sstumpf, 1968) demonstrated receptor sites for estradiol in the

0 hypothalamus.

The role of progesterone in the control of estrus and

ovulation is not well defined in the bovine. Earlier studies
indicate that progesterone may be involved in the induction of
@itrous behaviour, LH release and ovulation in the cow. The

above view is based on the presence of progesterone in bovine

follicular fluid near the time of ovulation (Edgar, 1963), while

s . 4 - o x5 Lo - - _ .
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the injection of 5~15 mg of progesterone at the beginning of

estrus significantly hastened the time of ovulation. Later

o ANy s L p

studies (Stabenfeldt et al., 1969; fHenricks gt al., '1970; Kazama

P

and Hansel, 1970; Katangolle, 1974) have failed to establish a

O . preovulatory progesterone rise in the cow. In contrast Ayalon

W e
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and Shemesh (1974) recently reported a preovulatory rise of
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‘ plasma progesterone in bovine. .
Exogenous administration of progesterone to cycling cows
(Hobson and Hansel, 1971) and ovariectomized cows (Short et al.,

1973 ;. Hausler and Malven, 1976) did not have any influence on

T

blood LH levels. Hansel and Malven (1970) suggested that E%e
o

decline in progesterone to less than 1 ng/ml of plasma is essen-

tial for the occurrence of preovulatory rise in ILH in c¢ycling «

g
A
L
¥
&
;
E

cows. This is based on the observation in cows with an ex-~

tendéd cycle (25 days) where the preovulatory LH rise did not

occur until after progesterone values declined below this level.

The mechanism by which progesterone inhibits estrus, IH release

« . ) ,

0 :and ovulation in the bovine is not clear. It has been observed l

‘that progesterone will inhibit estrogen mediated LH release in

intact ewe (Bolt _e_i;:_ al., 1971), ovariectomized ewes (Scaramuzzi

et al., 1971; Diekman and Malven, 1973) and ovariectomized

monkeys (Yamaji ’et al., 1970), which suggests that iarogesterone

inhibits the ef’féct of estrogen on inducing LH release. 1In

support of i‘:his mechanism in bovine Hobson and Hansel (1970)

observed that 'estrogen—induced ILH release was inhibited in

lute?l phase heifers. However, others (Sl;ort et g_l.:., 1973; ’

Hausler and Malven, 1976) failed to inhibit estrogen-induced

LH release with progesterone in ovariectomized heifers. 1In

0 view of the conflicting results, further work is necessary to&\/

.define the mechanism of progesterone action in the contrxol of
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', estrus and ovulation in the bovine., One way of testing would
be to attain a continuous physiological plasma estradiol and

progesterone level in ovariectomized heifers and to observe

L4

whether progesterone is able to overcome .the LH release induced

by estradiol.

Puberty in farm animals has been defired in a number of
-

ways. Marshall (1922) used the criterion of occurrence of

’
1
N

"those constitutional changes whereby the two sexes become

et e

fully differential”. Crew (1931) pointed out puberty and sex-
ual maturity were not the same. In agreeing with this view,

Asdell (1946) defined puberty as the time at which reproduc-

(} tion first becomes pqgsible and sexual maturity as the time

the animal reaches its full reproductive capacity. Studying

the effect of constant environmental temperature on appearance
of puberty in beef heifers, Dale et al. (1959) measured puberty
by the appearance of persistant structures. - follicles and CL

on the surface of the ovary by fectal palpation. Others (Rey-
nolds et al., 1963; Wiltbank et al., 1959; Kaltenbach and
Wiltbank, 1962; Belloﬁs et al., 1965) determined age and weight
at puberty in heifers with respect to the first ovulatory estrus,

Y

while Hawk et al. (1954) considered puberty in Holstein heifers
on the basis of first estrus. Manifestation of estrus alone
‘E’ does not indicate that reproduction is possible; ovulation and

development of functional corpus luteum must follow such an
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estrus at which the animal exhibits her first ovulatory estrus.
Therefore, puberty in heifers should be viewed as the age and
weight at which the animal exhibits her first ovulatory estrus.
In the prepuberal heif;:.follicles are formed before
puberty, but they do not mature and rupture until puberty is
reached (Hammond, 1927). Attainment of puberty in heifers is
affected by breed (Jobert, 1963; Reynolds, 1963; Plasse et al.,
1968), level of nutrition (Joberé, 1963; wiltbank et al., 1969)
and environment (Dale et al., 1958;1959; Plasse et al., 1968).
Unlike most mammals heifer calves respond to the administra-

tion of ovarian and gonadotrophic hormones virtually from

l., 1943; Rowson, 1951; Marden, 1953 and

———r—

birth (Casida et
aothers). This indicétes that puberty might be influenc;d by
hormone treatment. The understanding of the horménal status
of the prepuberal bovine is necessary to achieve this objective.

\,

Desjérdins and Hafs (1968) have gfudied the pituitary
tlevels of follicle stimulating hormone (%EHI and. luteinizing

hormone (LH)' of heifers from birth to puberty. Their results
'show that puberty is associated with decreased -levels of pit-
uitary ILH followed by an almost,cé;tin;;us increaéed level |
towards the next estrus. Pituitary FSH content decreases re-

latively less than and somewhat before LH during the weék before

estrus. ’ '
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Changes in the plasma progesterone concentration were
;tudied in heifers at puberty (Donaldson ég al., 1970). Pla;ma
progesterone concentration of 12 cycling heifers in which estrus
was not previously been detected, ranged from 0.3 to 3.9 ng/ml
when the first blooé was obtained. Seven of these heifers did
not have a CL at palpation and five of the seven heifers had
high plasma progesterone concentrations. They suggested that
at puberty, first estrus was preceded by partial luteinization

N

of the follicle rather than by ovulation without estrus and

v

formation of CL.

Serum LH and prolactin were measured in heifers bled

monfhiy from seven months of age until first estrus (Swanspn

et _;.ﬂ 1972). IH concentration increased as the first estrus
approached, then declined, being lowest during mid—cy€£g;_mPro-_
lactin levels before first estrds were higher than during sub-

-

sequent cycles. /
The interrelationship in levels of serum LH, FSH, GnRﬁ;
prolactin, estradiol-178 and progesterone occurring in the blood
"of heifers before and at the onset of puberty was recently re-
ported by Gonzalez-Padilla et al. (1975). They ﬁade the follow-
ing observations - (a) There were no marked changes in FSH, pro-
lactin or GnRH concentrations as puberty approached or d@;ing the

first cycle. (b)‘During the prepuberal period LH concentration

fluctuated markedly with an average concentration higher than
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that observed during the first cycle. In addition to pubertal
peak of LH (day 0), each heifer showed another peak of LH of
similar duration and magnityde between days =11 to -9.(c) Con-

»

centrations of estradiol-178 were high {(about 20 pg/ml) brior

to day 40, then decreased gradually for three to four days to
[

a level that was rather constant through the remainder of the
sampliné périod. There was no elevétion of estradiol—l?ﬁ assoc-
iated with LH peaki (a) ?rogestefdne concentrations w:re very
low in the prepuberéi period (0.3 ng/ﬁl), but there were two
distinct eieva£ions in evefy heifer before day 0. The return
of the fifst elevation to baseline concentration was always
followed iy the first peak of IH, while the second peak pre-
ceded the pubertal peak of IH.

To symmarize, the hormonal changes. .occurring at puberty'
in heifers have been presented (Desjardins and Hafs, 1968; Don-
aldson, 1970; Swanson et al., 1972; Gonzalei~Padilla t al.,

1975). Rgsﬁltsg suggest there are decreased 1eve:.’s of pituita

ILH and a corresponding increaseain serum LH concentration

as the first estrus approached. P%tui£ary FSH concentration ,
decreases at puberty but no marked change occurred in the

blood. GnRH concentration in blood did not differ at puberty.

Levels of estradiol were high 40 days prior to onset of puberty

" then gradually decreased to a level that was rather constant

until pubertywas reached. No elevation in estradiol
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concentration Was'associated with pubertal peak of LK. There

were two distinect elevations in progesterone concentration

before puberty. The return of the concentration was always

followed by a peak of LH. These.observations indicate that

progestercne -is inv&lved in the final events leading to puberty.
- The subject of induction of puberty in heifers has re-

ceived great attention during the past fifteen yeafs. Howe et.

al. (1962) first showed that estrus and ovulation can be in-

..duced by progesteroneQPMSG—HCGﬂtreatment. ﬁsing various com-

binations of progesterone, estradiol-178, PMSG and HCG by in-
jections to induce estrus and ovulation in six-month old pre-
puberal calves, the same authors observed inconsisteht results.
and HCG caused hyperfollicular.development. However, pre-

preatment with progesterone reduced the n&mber of small follicles
and increased the numbér of medium and large size follicles and ¥~
in some cases caﬁsed ovulation. Esfradiol-l?ﬁ, foliowing PMSG
suppressed follicular growth. Similarly Neville and Williams (1973),
using varibus combinations of estradiol and PMSG in yearling
ﬁeifers primed with progestagens fot ;ither 9 or 18 d;ys, ob-
served inconsistené resulég; Estrus occurred in 50 to 100%
of the treated heifers and conception rate was very low.

Arije et al. (1969 reported a treatment regime in which‘Here—

ford heifers, aged 256 to 296 days, were pretreated with a

subcutaneous implant containing 200 mg progestagen for 15 days

. X e O il ekl
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before PMSG administration. In addition, estradiol—l&ﬂ was in-
jected to some heifers at the t}me of insertion of implant, some
were injected at the time of PMSG injection and the rest re-
ceived both at insertion and PMS& administration. The percentage
of heifers 'show_ing'estrusé and ovulation m‘are‘ 78, 60 and 50 for
progesten—-PMSG, estradiol—érogesten—PMSG and estradiol-progesten-
n o
PMSG-estradiol, respecti%ely. o 2
Induction of puberty in 14-15 month old Angus heifers
with progesterone-estradiol combination was recently reported
(Gonzalez—Padillé et g;.,’1975); They observed that progester-
one treatment alone did not induce estrus nor¢caused a signiﬁik
dant alté;ation in serum' LH and FSH concentration; Injection
of estradiol-178 alone resulted in estrus behaviour and an IH
peak, but none ovulated. In heifers receiving estradioi-l?ﬁ
48 hours after progesterone injection, one out of four héifeps
showed heat, all had LH peaks and three out of four heifers
developed C.L. These authors also reportedgthat. fertile éstrus
in 12~14 month old prepuberal heifers could be achieved by
treating them with either\(a)‘single intramuscular injection
of estradiol valerate plus\g\@g of progestagen (Norgestomet) at
time zero, and a nine-day treatment of ear implant containing
Norgestomet; or (b) daily injection of pfogesteroné for, four

days plus 5 mg of estradiol valerate on day 1 of’progeateroﬁe

injection and 2 mg of estradiol valerate two days after
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" ment for the initiation of cyclié activity in prepuberal heifers.

B
°

termination of progesterone injection. More than 90% of the

heifers treated exhibited estrus four days after implant removal.

2

They also obtained a fertility rate of about 60% with treatment

*

"a" in an extensive field trial.

P

Using various treatment negimenswith GnRH and with or

< g

e

without PMSG, it was observed (Mellin et al., 1975) that GnRH

= a0,

o -

alone generally stimulated follicular growth in calves but in

most instances did not result in ovulation. However, GnRH did -

o | T ot cChe e, S

induce ovulation in all PMSG primed calves. “

)

o el

A ' review of existingfliteratﬁre indicates that g¢yclic

activity can be induced in prepuberal heifers by proper combi- - 3

-
nation of hormonal treatments. From all reports it also can be
. : + A :
seen that increased length of -progestagen administration
(priming) had an advantage in the induction of estrus and ovu- i

v

lation. The recent report (Gonzalez-Padilla et al., 1975) on . g
the initiatiop of fertile estrus in prepuberal heifers using
estrogen-progestagen combination treatment is very encouraging.

However, the heifers used in their study were about 12 to 14

months of age and it may be that their treatment may not be

- 4

effective in heifers far from reaching puberty. Therefore,

further research is indicated to develdp a satisfactory treat-

<

The hormonal eVents‘associated with natural onset of

~

puberty are well documented in rats compared to other
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species. In rats, administration of estrogens (Ramirez and

Sawyer, 1965; Smith and Davidson, 1968) and aromatizable andro-
: ]

gens (Knudsen and Mahesh, 1975) advanced the onset of puberty.

o

Presl et al. (1969) reported an increased serum level of estra-
diol near the time of pubefty on the female rat. Evidence for

secretion of estrogens on «day 32 of life in female rats was

obtained on the basis of increased uterine weight, changes in

‘ﬁifendometrial luminal epithelium, etc. (Knudsen et al., 1974). He

-

N

suggested that this secretion of estrogens presumabfy triggered
first ovulation on day 38 and occurred prior to measurable
increases in serum FSH and LH. The mechanism by which steroids
may modulate the secretion of gonadotrophin is not known. It

has been demonstrated by the work of several investigators that
i

both the anterior pituitary and hypothalamus possess cytosol

receptors for estradiol. A decrease in cytoplasmic receptors

1

for estradiol in the hypothalamus, pituitary and uterus of the
rat haseén demonstrated'after a single injection of estradiol

(Cidlowski and Muldoon, 1974; Sarff and Corski, 1971;: Mester and

Bauliue, 1975). An énhancement of pituitary responsiveness to
exogenous LH-RH on proestrﬁs in the rat has been demonstrated

(Aiyer and Fink, 1974). This increased responsiveness has been

/ ®

correlated with depletion of cytoplasmic estrogen receptors of
N .

0

the pituitary and hypothalamus (Greeley et al., 1974;1975).

o : .
Evidence presented here suggests that estrogens serve as the

-

. .
5 f
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primary trigger for setting up the sééuence of events leading
to puberty in the rat.

Studies on the induction of puberty and the blood hor-
mone concentration profile at the onset of natural ﬁﬁbertylin
prépuberal calves suggest that progesteroné may be ihvolved in
the final events leading to puberty. 1In determining the value
of progesterone as an aid in inducing estrus and ovulation in
anestrous ewes, Robinson (1959) indicated that progestercone .
conditioned receptors in higher centres to respond to low levels
of estrogen. One possible way by which progesterone may influ-
encé the final even£ leading to puberty in prepuberal heifers
is as follows. Short term progesterone priming may increase
the cytoplasmic estrogen receptors at the anterior pituitary
and/or hypothalamus. This in turn will ihcrease the sensiti-
vity of the receptors for blood estradiol, resulting in deple-
tion of cytoplasmic estradiol receptors, which in turn initi-
ates gonadotrophin surge and ovulation. Q

The present study had four main objectivés. The first
was to develop a relatively simple device to éﬁhinister pro-
gesferone continuously in prepuberal heifers and to induce
estrus, ovulation and cyclic activity in these progesterone ‘
primed heifers with 17B-estradiol, PMSG or GnRH. The second
objective was to developaprogesterone and progesterone + estra-

diol-l78 silastic vaginal device to induce estrus, ovulation

-

%
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and fertility in cycling heifers. The third objective of this
study was to determine the interaction between estrogen and
progesterone in eliciting estrus response and LH release in
ovariectomized heifers. Fburthly the effect of short-term
progesterone and estradiol plus progestero;e on the presence

of cytoplasmic progesterone and estrogen receptors in hypothal-
mus, anterior pituitary and reproducti;e organs were studied in

prepuberal heifers.



EXPERIMENTS AND RESULTS

EXPERIMENT I. EFFECT OF PROGESTERONE PRIMING ON
* INDUCTION OF ESTRUS, OVULATION AND
CYCLIC ACTIVITY IN PREPUBERAL HEIFERS

Introduction

A review of existing literature indicates that cyclic

. activity can be induced in prepuberal heifers by proper combi-

nation of hormonal treatment. However, a satisfactory and re-
liable method is not yet available to induce cyclic activity.
From all reports it also can be seen that an increase in the
length of progestagen administration (priming) had an advantage
in the inductﬁ%n of estrus, ovulation and cyclic activity in
prepuberal heifers. Daily injections and oral administration
of progestagen are not practical. In 1966, Dziuk and Cook re-
ported that steroids pass through the walls of silicone rubber
tubing. Steroids administered continﬁously from silastic
implants provide biological effects at a lower dose rate than °
oral administratio% (Kincl and Rudel, 1971).

The objectives of this experiment were to study the
effect of surface area and route of a&ministration of silastic
devices containing progesterone on concentrations of serum pro-

gesterone, and to induce estrus, ovulation and cyclic activity

following progesterone priming with estradiol-178, pregnarnt
29
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mare serum gonadotrophin or gonadotrophin’releas{%g hormone in

prepuberal heifers.

Materials and Methobds

Thirty-two prepuberal heifers, six to eight months of

L]

age and weighing approximately %50 kg, were used. The experi-
meng was conducted during two séééons. The first group of 16
heifers was treated during winter (January) in tie stalls with
artificial 12 hr light and 12 hr darkness. They were fed a’
maintenance ration of grain and hay.‘ The second group was
treated during summer (July). These heifers had free access to
pasture and were supplemented with grain. All heifers were pal-
pated rectally prior to the commencement of treatmént and‘none
were cycling.
Four heifers in each group were randomly allocated to
one of the following four treatments. ]
Treat-A- Single silastic tubing (surface area=60 cm?) con-
taining 1 g of progesterone inserted gubcutaneously.
Treat-B- Double silastic tubing (surface area=120 cm?) con-
taining 2 g of progesterone inserted subcutaneously.
‘Treat—c— Double silastic tubing (surface area=120 cm2) con-
taining 2 g progesterone and tied together as shaown

in Figure 1, and inserted intravaginally.

Treat-D- Silastic rubber impregnated with 6.6% progesterone

1]

&



Figure %.

{

Illustration of devices used in Experiment I.

A,

Single silastic tubing containing 1 gram
of progesterone (surface area = 60 eml).

Double silastic tubing containing 2 gram

- of progesterone (surface area = 120 em?) .

Double silastic tubing containing 2 gram
of progesterone and tied together (surface
area = 120 cm?).

Abbott's coil ~ silastic rubberkimpreg—
nated with 6.6% progesterone (surface area
= 210 cm?).
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(surface' area=210 cm2) and inserted intravaginally.

!

Preparation and Insertion of Devices

Treatment "A", "B" and "C" devices were made using sili-
cone rubber tubing with an inside diameter of 0.79 cm and an
outside diameter of 1.27 cm (Dow Corning, Silastic No. 601~501).
The tubing was cut into 15 cm lengths, sealed at one end with
medical adhesive (silastic brand, Dow Corning) and allowed to
harden for 12 hrs. One gram of progesterone (Sigma) dissolved
in ether was then poured into each tube. The ether was allowed
to evaporate and the open end was sealed with medical adhesive.
Abbott Laboratories kindly supplied the devices for treatment
"D". The device consisted of a coil of stainless steel covered
with silastic rubber impregnated with 6.6% progesterone. The
devices used in e&ch treatment were weighed prior to insertion.

Subcutaneous devices were placed caudal to the shoulder
joint, one on each side in treatment "B"”, The area was clipped,
scrubbed and a disinfectant was applied before making an inci-
sion in the skin. With the aid of a trocar the device was in-
serted leaving a string which was attached to the device pro-
truding fron/ the incision. The incision was closed™with silk
sutures. |Devices were removed by making a small incision and

pulling the string attached td the device. Intravaginal deviées

were inserted into the vagina with a plastic speculum and
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plunger. The external genital area was scrubbed and a disin-
fectant was applied bef;re inserting the device. The devices
were removed by pulling the st{ing attached to the device. The
devices used in each treatment were left in place for a period

of 20 days. Following removal, devices were cleaned, dried and

weighed.

Blood Samples

Ten ml of blood was collected from'the jﬁgular vein at
0600 hr, 1200 hr, 1800 hr and 2400 hr on day —i,l, 4, 8, 12,
16 and 20 (day 0 = day of insertioﬁ of device). Blood s%mples
were also collected at 1200 hr on day 1, 2 and at 6, 12 and 24 hrs
after removal of th; device. The blood samples were centri-
fuged and the serum was stored at -20°C in small aliquots until
assay. Haematocrit values from 0600 hr, 1200 hr, 1800 hr and
2400 hr samples collected on day -1, 4, 8, 12, 16 and 20 in
sixteen heifers, treated in January, were determined by micro-

[

capillary tube method.

Hormonal Treatment Post
Device Removal

Immediately after removal of the device the heifers were
palpated and onw heifer in each of the four treatment groups

received saline, 5 mg estradiol-178 (Sigma), 500 IU of pregnant

[

mare serum gonadotrophin (PMSG, Ayerst Iaboratories) or 100 pg
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of gonadotrophin releasing hormone (GnRH, Abbott Laboratories).
The heifers were observed frequently for-estrus, with an aid of
a vasectomized bull and Kamar heat mount d;tectors. All the
heifers were palpated for the presence of a corpus luteum (CL)
eight days aftar device removal. Heifers with palpable corpusD
luteum were also bled on day 8, 13, 18 and 23 diyq after removal
of the device. These heifers were observed for signs of esﬁ;g%r

during the sampling period and rectal palpations were also done

at day 23 after removal of device to assess ovarian activity,

Radioimmunoasgssay for Progesteron¢

The radioimmunoassay as described by Rajamahendran et
al. (1976) was ﬁsed to quantitate serum progesterone in heifers
with a slight modification, After extracting with petroleum
ether, the serum portion was frozen at -20°C for one hour and
the solvent (extract) was decanted into assay tubes. The pro-
gesterone antibody was kindly supplied by Dr; K. Roberts of the

University of Montreal.

Statistical Analvses

PrOgesteroﬁ% data were analyzed statistically as a split
split plot experiment in é completely randomized design. Seasons
were considered as ?ainplot units, day time combinations were
considered as subplot units and treatments as sub-subplot units.

The means were analyzed using LSD. (Steel and Torrie; 1960).
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» .
The mean concentration of serum progesterone before, dur-

ing.and after the 20-day progesterone treatment period is shown

in Figure 2. The pretreatment values were not different (P>»0.05)
among treatment groups (0;6 ng/ml). In treatment "A" heifers,

the ser%m progesterone iose to a maximum value of 1.6 ;g/ml one
day after insertion of the device. This value was higher (P<0.01)
than pretreatment concentration and lower (P<0.05) than for

+

heifers in treatments "B", "C" and "D". Thereafter the serum

N

progggterone reﬁained constant on day 2 and gradually declined
during the sampling period and reached pretreatment values eight
days dfter inserting the device.

Mean serum progesterone in treatment "B" heifers was
elevated to 3.0 ng/ml on day 1. This value was higher (P(CLOl)‘
than pretreatment concentration and that observed in treatment
"A" heifers, lower (P<4£0.05) than for heifers‘in treatment "D";
but did not differ from treatment "C" heifers. Serum progester-
one in treatment "B" heifers Eﬁéreafter decreased gradually
during the sampling period and reacbed a value of 1.5 ng/ml on
the day devices were removed. Progesterone decreased signifi-
cantly (P;<0.01) 24 hours after removal of the device. The mean

concentration of serum progesterone following treatment "C" fol-

lowed a similar pattern as in treatment "B". However, the



Figure 2.

~

Mean serum progesterone before, during and after insertion of a ‘
single subcutaneous ("A"), double subcutaneous ("B"), vaginal ("C")
or Abbott’s ("D") progesterone devices in prepuberal heifers. n

_eight heifers per treatment. 'D_; = day before insertion of the

devices. Devices were removed on Dyg. Analysis of variance of
serum progesterone showed that progesterone concentration varied -
w:.th treatment {P<0.01) and day of the treatment (P<O. ‘0l).

.
-
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concentration of serum progesterone' in treatment "C" was slightly

higher on day 1 (3.3 ng/ml) and day 8 (2.2 ng/ml) and slightly

iower/,dur:':ng the remainder of the sahpling period, than for

\

treatment "B" heifers. JIh treatment "C" gserum progesterone also

»

declined (P<0.0l) 24 hours after removal of the device,

Following treatment 'D" the®mean concentration of serum

A progesterone was elevated to a maximum value of 5.7 ng/ml on

day 1. This value was higher (P<0,0l) than pretreatment levels
and the comparable values {(day 1 sample) for treatments "A",

"B" and "C" treated heifers:. After thig maximal increase in

‘progesterone, the concentration of serum progesterone declined
gradually and reached 2.3 ng/ml at the time the device was re- |

moved. This concentration of 2.3 ng/ml was significantly

o o

(P< 0.01) higher than the corresponding values for: treatments

°

"A", "B" and "C". ' In treatment "D", as in treatment "B" and

"c", a significant (P<0.01) decrease in/serum fprogesteropé

was obgserved 24 hours after removal of the device.

Analysis of variance of serum progesterone, from blood:

‘ . |
samples obtained on day -1, 4, 8, 12, 16 and 20, showed that

progesterone concentration varied with treatment (P<0.01),
: )
with the day of the treatment (P<0.0l) and time of the day

(P'€0.01).Throughout the treatment period highest progesterone

n

concentration was observed. in treatment "D" heifers and lowest

in treatment "A" heifers. ' No difference was observed between

¢
Y
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treatment “B" and "c" heifers. The highest progesterone con-
centration (2.1 ng/ml) was observed at 0600 hr and the lowest

.

(1.7 ng/ml) at 1806 hr. However, no difference (P> 0.05) was

v
D

observed in the progesterone concentration between 1200 and
2400 hr (Appendix Table 3B).Analysis of variance also showed
day by treatment (P<0.0l1), day by time (P« 0.05) and treatment
time (P<0.01) interaction. Analysis of variance of hematocrit
values for heifers treated in January revealed that hematocrit
values were not affected by day or time of the day but they were
affected by treatment (Appendix Table 3C).

‘a1l ﬁeifers were palfated on day 10 of treatment and
at removal of the device to evaluate the uterine and ovarian
activity. The uterus and ovaries were larger at this time
(day 10) than pretreatment. Heifers in treatment "B", "C" and
"Dn had an enlarged turgid uterus and enlarged qvafies compared
to treatment "A" heifers during treatment and after removal of
the device. Subcutaneous and vaginal devices were all retained
by the heifers.. A whitish yellow discharge was observed during
the treatment period from all heifers in treatment "C" and "D".
The devices from these heifers were coateé with whitish vellow
mucus at removal.

None of the heifers treated with saline, PMSG or GnRH
following treatment "A" exh;bited estrﬁs or ovulated, However,

both heifers treated with estradiol=17p were hyperactive and
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‘ showed standing estrus 48 hours post-injection, but neither ovu-
. »

lated. Hence data on "B", "C" and "D" heifers were combined to

give six heifers per stimulation group (Table 1).

Table 1. Mean estrus response, ovulation, and serum progest-
erone concentration of progesterone primed prepuberal
heifers to saline, estradiol-178 (5 mg), PMSG (500 IU)
or GnRH (100 pg).

»

b}
Treatment
Parameters
aramete Saline Estradiol-178  PMSG _ GnRH
Total no. of heifers 6 6 6 6
No.- exhibited estrus 0 3 6 2
No. ovulated 0 2 6 2
i . ‘
Mean No. of ovulations 0 1 2.5 1
(3‘ Mean serum progesterone (ng/®l)
after removal of device )
D8 - 1-8 2.8 1;9
D3 . - 3.7 5.6 3.8
D18 , - J) 3.9 5.4 3.9
D33 : - 2.0 4.6 2.0
No. returned to estrus 20-~22 - 1 - 1 1

davs afger.induced estrus

a

Of the saline, estradiol-178, Pgsc'and GnRH treated heifers

0, 3, 6 and 2 showed estrus and 0, 2, 6 and 2 ovulated, respec-
tively. One heifer in each of estradiol-~178, PMSG and GnRH
tfeéted‘group réturned to estrus 20-23 days after ihducgd estrus.

Estradiol-178 treated heifers exhibited estrus approximatel§ 24

O

"

hours ‘earlier than PMSG or GnRH treated heifers. The range and
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mean of ovulations in heifers receiving PMSG was 2 to 4 and

2.5 ovulatiéns. In all groups the mean concentration of serum
progesterone tended to increase during sampling period (DB, Dy3.
Dyg) énd a decline in concentration was observed on Dy3. The
mean serum progesterone ;o%}owing PMSG treatment on Dg, D3,
D18 and D23 were higher (P<£0.0l1) than that of estradiol-178 oF
GnRH treated heifers. bne“heifer in each group had serum pro-

gesterone less than 1 ng/ml on day 23.  Except for these three

Y

heifers others had palpable CL on Ehis date.

EXPERIMENT II. EFFECT OF SILASTIC VAGINAL DEVICE
- CONTAINING, PROGESTERONE AND PRO-
GESTERONE + ESTRADIOL-178 ON
ESTRUS CONTROL, OVULATION AND
FERTILITY IN CYCLING HEIFERS

Introduction

The widespread application of %pnt;ol of estrus in

cattle using progesterone requires a practipal method of admin—u
iste}iné the steroid. Exogenous administration of prégesteroneb
to cows for the duration of a cycle controls estrus and ovula-
tion, with most animals ghowiﬂg estrﬁs two to five days post-
progesterone withdrawal (Lamond, 1964). This method has been
used widely but the cghception rate at the resultant'eatrﬁs has
been low (Hansel, 1967). Fertility rate co&barable to controls
was obtained whenLheifers were synchronized by,feeding a pro-

gestagen for nine days and injecting estradiol valerate on the

l

°
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second day of progestagen treatment (Wiltbank and Kasson, 1968).
Progestagens have been administered in the feea, in the drink-
ing water, as injections or in implants. Practical problems of
féeding, injecting or implanting progestagens can be overcome
by intravaginal devices containing progesterone. Intravaginal
pessaries have been ?ried in cattle\but a variable retention
rate has been reported (Carrick and Shelton, 1967; Scanlon et
al., 1972; Sreenan, 1974).

In the previous experiment vaginal silastic devices con-

_taining progesterone were used to maintain serum progesterone

greater than 1 ng/ﬁl until removal. The serum progesterone
profile during—the estrous cycle in the bovine (Henricks et
al,, 19?3; Wettemann éE.él-g 1971; Rajamahendran et al., 1976)
indicates that estrus and ovulation occurs only after the serum
progestérone declines to less than 1 ng/ml. The objectives of
this experiment were to dete;mine the effect of (a) silastic.'
vaginal device containiﬁg progesterone for 12 days plus an in-
jegtidn of estradiol benzoate and progesterone at insertion on
estrus, ovulation and Serum progesterone; (b5 the stage of t?e°
estrous cycle at the tiﬁe of insertion of vaginal device con-
taining progesteroﬁe + estradiol-l78 on estrus résponse and
ovulation; and (;) silastié vaginal deqice cqntaining progest-

erone t estradiol-17g on estrus response, ovulation, fertility,

serum progesterone and estradiol, in cygling heifers.
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Materials and Methods

-

The 59 Holstein heifers used were 16 to.18 months of age’
and weighed 280-380 kg. The heifers'were maintained in a feed
lot and were fed corn silage. All heifers except two had estrous
cycles of 20 to 22 days and rectal palpation revealed the pres-
ence of normal ovaries and genit%l tracts. Mounting behaviour,
Kamar heat mount detectors and rectai palpation of the tracts
and ovaries were used‘to assess the onset of standing estrus

and ovulation.

Group I

At zero time, 24 cycling heifers received an intramus-
cular injection of 200 mg of progesterone and 5 mg of estradiol
benzoate in corn oil and an intravaginal device cpntaining pro-
gestefoﬁe. The vaginal device remained in the vagina for 12
days. The estrus response was determined dgring and after re-
movalyof the device. Reproduc£i§é tracts were examined at
removal and eight days Bater. Se;um progesterone concentration
was determined’from 10 ml blood samples obtained from six‘
heifgrs at zero time and 12 hours 1a£2r. Other ‘blood samples
were takgn on days 1, 2, 4, 8, 12 and 24 hours after removal

of the devicé.

°

Group 1I N
Vaginal devices containing progesterone + estradiol-178

¢

3
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were inserted and maintained for lé days at known stages of
the estrous cycle. Eight heifers received aevices between aays
0 to 4, 5 to 15, and 16 to 20 of the estrous cycle. Heifers
were observed for éstrus dgring and after removal of the device.
All heifers were palpated at eight days after removal.
Group III

At time 0, a progesterone + estradiol—I}B vaginal device
was inserted into the vagina of 11  cycling heifers. Two of
these heifers (Nos. 277 and 278) had cystic ovaries and were
given 100 ug of GnRH 48 hours before inserfing the véginal
device. Twelve day; later the devices were removed. The
heifers were observed for signs of estrus -during and after
removal of the device. All heifers were inseminated with
frozen semen whether orunot tﬁey exhibited estrus 56 hours
after removal of‘the device. In order to determine éhe serum
estradiol-178 and progesterone profile, 20 ml of blood from thé
jugular vein wére obtained from six heifers at =24 hr, 0 hr;

12 hr, days 1, 2, 4, 8, 12 and 24 hours after removal of the

device.
Preparation and Insertion of Devices o

Vaginal devices were made using silicone rubber tubing
with an internal diameter of 0.79 cm and an external diameter of

1.27 cm (Dow Corning, Silastic No. 601-501). The tubing was
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cut into 20 cm lengths, sealed at one end with silicone mediéal
adhesive and allowed to harden for 12 hours. One gram of pro-
gesterone dissolved in ether was poured into each piece of tub-
ing. The etﬁer was evaporated and the other end was sealed with
silicone medical adhesive. The two pieces of tubing were tied
together to make the vaginal device (Figure 3). The total sur-
face area of each vaginal device was 160 cm?2, Progesterone +
estradiol-178 devices were prepared in the following manner.

Ten mg of estfadiol—l73 were mixed with approximately 1 ml of
silicone medical adhesive. The estradiol-178 mixture was used
to co;t about 40 cm2 of the four eﬁds of previously described
progesterone vaginal device. The device was inserfed into the
vagina with a plastic speculum and plunger (Figure 3). The
device was removed by pulling on a string attached to the device

0}

and left protruding from the vulva.

Radioimmuncassay for Progesterone and -
Estradiocl-178 '

<&

Serum progesterone was measured by the procedure described
in Part I. fhe radioimmunoassay as described by Korenman et al.
(1974) was used with some modifications to quantitate serum
estradiol-17p in heifers. All solvents used were reagent grade
and purified before use. The estradiol-178 antibod§ was.kindly
sﬁpplied by Dr. G.P. Nisewender of Colorado State University, ’

Fort Collins, Colorado. It was used at a dilution of 1:é,ooo
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Figure 3a. Silastic vaginal device containing progester-
one 4 estradiol-178 and equipment used for
insertion of the device.

Figure 3b. Diagramatic representation of the bovine
reproductive tract with silastic vaginal device @
in position.
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in 0.1% gelatin buffer (0.1 M phosphate, pH 7.4)+ The same di-
luent was used for preparing estradiol-178-2,4,6,7-30 (20, 000
DPM/0.05 ml). Labelled steroids were obtained from New England
Nuclear Corporation. Estradiol-17p standards were prepared in
benzene:methanol, 9:1, All the above solutions were stored at
4°c. .

The detailed procedure consists of the following steps.
The serum sample (1 ml)'was extracted with 6 ml of freshly
opened anhydrous diethyl ether in a 15 x 125 mm Teflon-1lined
screw cap extraction tube (Kimax brand). The mixture was. shaken
on a horizontal Eberback shaker for 10 minutes and then centri-
fuged (1,250 g) for two minutes. After extracting, the serum
portion w;s frozen at ~-20°C overnight and the solvent (extract)
was decanted into assay tubes (12 x 75 mm). The tube was then
evaporatéd to dryness under a gentle stream of nitrogen in a

sand bath at 40°C. The tube was rinsed down with 0.1 ml of meth-

-anol. The following standards were prepared in duplicate, 0,5,10,

20,40, 80, 160 and 320 pg in 0.1 ml benzene:methanol. The

extracted samples and the staﬁdards were evaporated to dryness,

a

To the tubes was added 0.2 ml of phosphate buffer, 0.05 ml of

34 estradiol-178 (20,000 DPM) and 0.05 ml of antiestradiol-17p

(1:8000). The tubes wére vortexed for five seconds and allowed
to stand at 4°C overnight. Following this incubation period,

0.5 ml of freshly prepared dextran coated charcoal was added to
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. separate the bound and unbound fractions. The tubes were vor-
texed for five seconds and allowed to stand at 4°C for 15 min-
sutes, éentrifuged at 1,250 g for 20 minutes at 4°c. The super-

' natant was decanted into scintillation vials to which 10 ml of
toluene:BBS-3 solution (Beckman) (3.8 litres of toluene, 18.95 g ;
of PPO, 378.9 mg of POPOP and 100 ‘ml of Bio-Solv BBS-3) was
added and mixed. The radioactivity was counted in a liquid |
scintillation system (Beckman LS-235:counting efficiency for 3

3H, 70%). Each vial was counted two tiﬁés in a row for 10 min-

utes. The second reading was always uséd for computation. Tﬁe,
estradiol-178 level for unknown serum samples,were converted to pg/ml

‘5; from counts per minute, by the use of a computer program (David,

1974).

}
The radioimmunoassay was validated for the estimation of

i
L
3%
¥
i
13
H

estradiol-178 in bovine seyum. _In order to assess the specifi-

cipy of the assay, estrone, progesterone and corticosterone stand-
ards at,. concentrations identical to estradiol-~178 standards were
assayed using éstradiOl-l?B antibody. ﬁo binding was observed.
Using the same ;ntibody England et al. (1974) also reportedylow
cross reactivity of estrone,‘estriol, progesterone, corticosterone
and other related steroids. Accuracy of the estradiol-l?ﬁ assay
examined Ehroughout the range'of 10-320 pg/sample showed no sys-

° tematic error. The quantity of estradiol-178 estimated by assay

showed a close correlation (r=0.99,b=0.52) with the expected values.




The internal standerd-(40 pg/eample) included in eacﬁ.assay

gave consistent results. The intef— and intra-assay precision
(6.8 and 7.2%) were satisfacfory for physiological studies.. The
sensitivity of the method (5 pg/sample) was 'adequate for analysis

of estradiol-178 in 1 ml serum.,

Results
) Group I

Twenty-one out of 24 heifers retained the device for 12
days. Out of three heifers which lost the vaginal device, two
'of theo were in estrus'during the treatment period and had CL
at the time of‘reﬁovél. .Twen%y out of 21 heifers which fetained
the oevice were in standing estrus within 48 hours after reﬁoval
of the device. The mean interval from the removal of the,device.
to the onSet of esfrus was 30,4 hours. All 20 heifers which
exhiblted estrus’had palpable CL elght days after removal of
the dev1ce. The heifer which falled to exhlblt estrus after
removal did not ‘have a palpable CL.‘ The mean conoentration of ;
serum progesterone at time zero was 4.8 ng/ml. This was signlv
flcantly (P<O. Ol) lower than’ 12 1 ng ‘observed 12 hours later‘
‘(Figure 4). After 12 more hours prOgesterone concentratlon

deciined'sharply'(IN<0.01). 'Théreafter,,progesterone declined

g v

slowly reaching‘a'mean level 1.1 ng on the day the devices were

. - -, 0 3 K] -Y)
removed. There was a significant decrease in concentration of

14
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o @

progesterone 0.6 ng/ml 24 hours after the device was removed.
Eighteen heifers returned to estrus approximately 21 days after

first treatment estrus.

Group II °

Twenty-one ou? of 24 heifers retained the device until
removai-(Table 2). 'The other three heifers, one'treafed on
;ay 0-4 and the others’on day 16-20 of the est;ous cycle failed
to rétain the dgvice for 12" hours. All heifers treated between
day 5-15 exhibited estrus within 48 hours of removal of the
device. The meanh interval from the time the device was removed

to .the onset of estrus was 42.0 hours. One heifer in each of’

the remaining groups failed to exhibit estrus. For here the

o i

mean)interéal frofn.removal of the vagiﬁal dev{ce to estrus was
39.3 and 36.3 hdurs respectively for heifers treated on déy 0-5
aﬁd 16-20. sStatistical analysis (t test) revealed no signifi;‘}
.caﬁtA(P>4L05)'difference in the time of intgfval to estrus
among éreat&eﬁt groupé. All ﬁeifers which exhibited estrus
‘after device femoval had palpable CL eight days after the -
devices were rgmoved.' o o . L.

Group III -

-

Before inserting the device the mean concentration o§

serum progesterone was 2.7 ng/mi {Figure 5), 'Progésterone -

centration_rose‘to a maximum of 5.9 ng/ml twelve hours after

I

.
R R O
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. .Table 2. Effect of stage of cycle dt the time of insertion of
progesterone + estradiol-178 vaginal device on estrus
response and ovulation in cycling heifers.

°

Stage of the Cycle

y }

§ Parameters Day 0-4 Day 5-15 Day 16-20

g No. treated 8 8 ~ 8

§ Heifers retaining device 7 8 6

; for ‘12 days f

14 .

No. exhibited estrus 6 8 5

¢ I .

. , Mean interval to estrus 39.3. 42.0 . 36.3
in hours '
No. ovulated 6 8 - 5

insertion of the device. A sharp decline (P<0.01) in pro-

gésterone concentration was observed on'qay 2 éompared to the day 1
sampie (2.8 vs 5.6 ng/ml) -Thereafter, the progesterone decreased
! ' .
gradually to 1.3 ng/ml at the time‘of removal of the dévice on
Y éay 12. Twenty-four ﬂours after removal of the device, there
was a significant decrease in progesterone conéentration ko.é
ng/ml)r The mean concentration of serum es;radigl—l?B at the-
time of inserﬁion of the device wases.Q‘Pg/ml.; Mea; serum
estradiol 12 and: 24 hours post-ingertion of‘thé device was 29.5
and 27.2 pg/ml, respectively. This cqncenttatién,was approxi-

mately five-fold greater thaﬁ'pretreatment concengration‘

Estradiol declined to pretreatment concentration (7.4 pg/ml)




- . e R
- - i >
: — 5 " N ’
1 -
D) - &i %
L2, Ny .~
.
/
.
1
-
/ —
'
i - -
7 N
<
[
P -
. i
> L R
. - 0
:
; . -
)
14
- Ay
-

Mean serum eqpradioi~17ﬁ (E) and progesterone (P) before, during and
after insertion of silastic vaginal device containing progesterone +

-estradiol-178 in cycling heifers. n'= six heifers. 0 = day of in-
sertion of the devices. Devices were removed on Dayjsp.

a
[

i N . . T . N
i e WG I m,,u,?,x:.&mﬁ%m



i

57

- ESTRADIOL (pg/ml)

t 25¢

40¢

35%

30

20t

p2

DAYS

PROGESTERONE (ng/mi)

.

L RIS
=T



58

°

" days after insertion of the device and remained fairly constant

e Bt

until day 8. A slight increase in serum estradiol was observed

, at removal of the device on day 12. Nine out of 11 heifers were

ol TR NI e B i BDDs Nt A1

é ‘ in standing estrus 36 hours after removal of the device. None
of the heifers exhibited estrus during the treatment period.

Five of the nine heifers returned to estrus between 17-22 days

Farte SN2 e ARG,

after the synchronized estrus. Four heifers were diagnosed

pregnant by rectal palpation 45 days after insemination. The

et N

two heifers which failed to exhibit estrus after device removal -
(Nos. 277 and 278) had cystidfovaries at the timé of palpation

» 45 days post-insemination.

N

G EXPERIMENT III., EFFECT OF SILASTIC VAGINAL DEVICE i
CONTAINING ESTRADIOL-178, PROGEST- ’
ERONE AND PROGESTERONE + ESTRADIOL-
178 ON ESTRUS AND LH RELEASE IN
OVARIECTOMIZED HEIFERS

PR R

i

{ " Introduction

Many workers (Hobson and Hansel, 1972; Short et al.,
1973; Hausler and Malven, 1976, and others) were able té4repro—
.
duce the plasma preovulatory LH surge in the ovariectomized
cow by the administration of estradiol. An injection of 2 ng
of estradiol can induce estrus behaviour and LH surge in pre-
puberal heifers (Gonzaleéfpadilla et al., 1975). These reports

o suggest that estrogen may trigger an acute release of 1H in

bovine. Additional support for an estrogen stimulated LH
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release can be inferred from plasma estragen concentratian
(Ecternkamp and Hansel, 1971; Henricks et al., 1971; Christen-
sen et al., 1971). ) I

The results of the previous eiperiment and other reports
indicate tha£ progesterone will block estrus and ovulation in
cattle. The mechanism by which, progesterone inhibits estrus
and ovulation is not clear in cattle. It has been obser&ed that
progesterone will block estrogen mediated LH release in intact
ewes (Bolt et al., 1971) and ovariectomized ewes (Scaramﬁzzi
et al., 19%1). In support of this mechanism in cattle Hobson
and Hansel (1972) observed that estrogen-induced LH release was
inhibited in luteal phase heifers. However, others (Short et
al., 1973; Hausler and Malven, 1976) failed to inhibit estrogen-
{hduced LH release with progesterone in ovariectomized heiférs.
In vieQ of the confliéting results further work is necessary to
define the mechanism ;f progesterone action in the control of
estrus and ovulation in cattle. >

The objectives of this experiment were to determine'the
.efﬁpct of silastic vaginal device containing esfradiol—l7ﬁ,
‘Progesterpne and progesterone + estradiol-178 on estrué response,

serum progesterone, estradiol and IH in ovariectomized

heifers.
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Matérials and Methods

Six heifers 18 to 24 months of age and weighing about

450 kg were ovariectomized about 21 days before the commence-

ment of the experiment. The ﬁeifers were housed indoorgﬂand
'we;g fed on a maintenance ration of grain and hay.

The heifers were assigned randomly to one.oé three
treAtments during treatment periods A, B and C. During period
A, two heifers were treaﬁed Qith progesterone vaginal device
("P"), two heifers with estradiol-17g vaginal device ("E") and
the remaining two heifer;‘with progéstércné + estradiol-178
vaginal devicg ("P+E").\ During the period B and C the treat-
ments were altered so that eéch heifer had the chince to receive

all three treatments. The devices were left in the vagina for

12 days during each treatment period. The interval between

‘treatments was seven days. .

Preparation, insertion and
Removal of the Vaginal Devices

s

Progeéterone and progesterone #* estradio¥4173 éaginal
devices were .prepared as described in part II. Estrad%gl-l?ﬁ
vaginal device was made by mixing 10'mg of estradiol-178 with
1 ml of silicone medical adhesive and coating it around the
ends of vaginal device described in part II (Figure é). The

44' »
approximate surface area of estradiol cdating was about 40 cmz.

The three types of devices were autoclaved and weighed before

. /
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Figure 6.
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Diagramatic representation of silastic
vaginal devices containing progesterone,

estradiol-178 and progesterone + estradjiol-
178. |
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.to the device and left protruding from the vulva. Following

vaginal device. Thereafter, blood samples were obtained on

'and_IH Analyses

lkindly analyze& the serum samples for 1LH.
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insertion. The devices were inserted into the vagina with the
help of a plastic speculum and plunger. Twelve days after in-

gertion the devices were removed by pulling on a string attached

removal, devices were cleaned, dried and weighed.

Blood Samples and Estrus Detection

3

Blood samples (20 ml) were obtained from the jugular

vein before insertion at -24 hr, 0 hr, and at 4 hr intervals

a

from the time of insertion to 36 hours post-insertion of the

days 2, 4, 8, 12 and 24 hours post-device removal. The serum -

was transferred in small,_aliquoté and stored in the freezer at

-

-2009C until assay. -

The heifers were observed glosely for signs of estrus
at each bleeding period and throughout the exﬁerimental period.
A vasectomized bull and Kamar heat mount detectors were used to

assess the onset of standing estrus.
%

Serum Progesterone, Estradiol-17p -

Serum progesterone and estradiol-178 were measured by
the procedures described in parts I and II. Dr. Gordon D.

Nisewender of Colorado State University, Fort Collins, Colorado,

a
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' 24 hours before and just prior (0 hr) to insertion of steroid ,
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Sstatistical Analyses

Serum hormone data were analyzed statistically as a split
split plot experimenp in a completely randomized desigp. Per-
iods were considered as main plot unit. Blood sampling times
were considered as subplot units and treatments-as sub sub pibt

units. The means were analyzed using LSD (Steel and Torrie.

1960).
Results

e
The mean estradiol-1l78 concentration in serum collecteds
%
vagihal device was not different among treatment groups (Fig-
ure 7). The mean serum estradiol remained relatively constant
throughout the sampliﬁg period in "Pp" tréated heifers (5.1
pg/ml). Serum estradiol, four hours after insertion of vaginal
device, was about 40.9 and 32.1 pg/ml for "E" and "P+E" treated
ﬁzifers, respectively. These concentrations were greater than
(P <0.01) pretreatment concentration and all concentrations for
"pr treated heifers. After serum estradiol in "E" treated
heifers reached a maximum concentration, estradiol-17g8 declined
steadily and reached 12 pg/ml 16 hours after insertion of the
'vaginal deviée. Thereafter, the mean estradiol iﬁ these heifers
remained constant for the remainder\of the sampling period. 1In

two of these "E" treated heifers serum estradiol declined to

pretreatment level 28 hours after insertion of the device. 1In

-

sty Kee Bl W)

LY AP

e wace oowdl Py



Mean serum estradiol-178 in ovariectomized heifers treated with
vaginal device containing progesterone (P), estradiol-=178 (E) or -
progesterone +t estradiol-178 (P+E). 0 = time of insertion of the
devices. n = six observations per treatment. Analysis of vari- -

ance of serum estradiol-178 showed that - estradiol concentration’
varied with treatment. Highest concentration was observed in -
heifers treated with E device and which was significantly differ-
ent £rom that observed with P (P<O. 01) and P+E (P£0.05). Values * o
for the rest of the sampling period appear in Appendix Table 5. )
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“P+E" treated heifers .the maximum concentration of’ estragl,iol-
178 occurred at 4 hours and:declir‘zed‘significantly (P<O°.~Ol) to

7.4 pg/ml at 20 hours and-theréafter estradiol concentration

"remained ‘constant., o

4

a ’ \
Mean progesteroné 24 hours before and just prior (0 hr)

1

to the insertion of the device was not different among treatment

groups (Figure 8). Serum progesterone of heifers treated with

A

"E" device rl'einaifled at about 0.5 ng/ml throughout the éampling
period. The mean serum progestgrone”four hours after insertion

of "P" device was increased (P<0.01) relative to comparable

( mean for "E" treated heifers, 3.9 vs 0.5 ng/ml. The maximum

concentration of serum progesterone occurred in “p" tré‘ate\d
heifers eight hours after insé'rjtion of the device. 'mefeafte¥
the cc;ncentratipn declined graduaily during the sampling perigd
'and reached 1.3 ng/ml‘ at device removal on day 12..‘ A gigni‘.f.i-l
cant (ll’ld 0.01) ;iecline in sérum progester’otne was observed in
'“?"‘ ’\tr;ajted heifers .24 hours éf’terwremov‘i‘ng ‘the device";.. The’
mean serum proges:terone in ;'P+E" treated heifers showed a simi-
lar pattern as in "P" ,treatment. Howeverv,' the maxim;:lm proges:{-t—

érone concentration in "P+E" treated heifers was observed four

hours after insertion of the device. /

Pretreatment IH concentration ranged from.5-6 ng/ml.. In '

. ®
heifers treated with "P" and "P+E" no change was observed in

serum’ LH during the sampling period (Figure 9). However, a

o

L
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slight (P> 0.05) decline in LH concentration was observed at
four and eight hours po§£ device insertion in heifers treated
with "P+E"]and "P", respectively. In "E" treatéd.heifers also
a slight decline (P> 0.05) in serum IH was observed four hours
after insertion of the devicé.' Thereafter in "E" treated
heifers serum LH increased and reached a maximum céncentration
of 32.7 rg/ml 16 hours after }nsertion of the device. After
the maximum concentration a significant (P<€0.01) decline in
serum LH was observed 24 hours after inserting the deﬁice.
Four heifers in "E" treatment exhibited another maximum con-
centration on day 2 and day 4 after device insertion. The
serum IH in "E" treated heifers declined to pretreatment con-
centration eight days after insertion of the device.

Analysis of variance of-éerum hormone data showed that

period did not affect the response.  Analysis revealed a sig-

nificant treatment effect oh levels of serum estradiol and LSD

showed that the release of estradiocl from estradiol-178 device is
i

higher (P<€ 0.0l) than that released by "P+E" device. Analysis
S

of variance of estradiol concentration also showed a signifi-

cant (P<€0.0l) treatment x time interaction. Analysis of pro-

gesterone data showed that progesterone in serum was similar

(P>-0.05)°folkewing treatment with. "p" énd "p+E" device. How-

’

ever, analysis showed a treatment x time interaction (P<0.01).

Serum progesterone in heifers treated with "P+E" was greater

N -

P A T e



Figure 9.

Mean serum IH in ovariectomized heifers treated with vaginal device |
containing progesterone (P), estradiol-178 (E) or progesterone +
estradiol-178 (P+E)., O = time of insertion of the devices. n =

six observations per treatment. Analysis of variance of LH showed
that the LH concentration in E device treated heifers was signifi-

‘cantly (P €0.01) higher than P or P+E device 'treated heifers.

vValues for the rest of the sampllng period appear in Appendix Table 7{
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, @ (P40.05) at four hours after insertion of the device and lower
f o °
(P«40.05) on days 4, 8 and 12 of the sampling period compared

to heifers treated with "P" device. Analysis of variance of

R Il Tl Eon I w RN )

IH# concentration revealed that the LH concentration in "“E"

2.
N o

treated heifers was significantly higher (P<40.01) than for the

o EB bW D e g

"p" and "P+E" treated heifers. No difference (P>0.05) in IH
!

concentration was observed between "P" and "P+E" treated heifers.

o)

LB T & ey
=

All heifers treated with "E" device exhibited standing

f!
f
[
:

estrus. The onset of estrus froﬁ the time of insertion of the
aeviqe.rangeq from 13 to 26 hours. Two heifers treated duriAg
period’A had shqrter intervai to estrus compared to other

(Z) . heifers. Twowof the "P+E" treated ﬁeifers also exhibited slight‘

manifestation of estrus 24 hours after device insertion during

‘ period A,
- All heifers retained the vaginal device .for 12 days

except for one‘heifer that expelled the device on day 8 and 10,

[} ) ' » [y N . 13 )
during period C. The device was cleaned and peinserted within

-

half an hour after expulsion. A whitish yellow vaginal mucus
' discharge was observed during the treatment period in 25% of

the heifers. When the devices were removed they were coated

i

with a thick whitish yellow mucus. The amdunt of steroid re-
leased from the devices was -estimated by weighing the devices

o " before and after insertion. No difference in weight was og};served .

in "E" device. A difference in weight of approximately 0.5 g

&5
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. was observed for "P" and "P+E" device. This indicates that an

’average of 0.5 g of steroid was released during the l2-day per-

iod by both "“P" and "P+E" devices.

L

EXPERIMENT IV, THE EFFECT OF SILASTIC VAGINAL DEVICE
CONTAINING PROGESTERONE AND PROGEST-
+ ERONE + ESTRADIOL-178 ON THE PRESENCE
OF CYTOPLASMIC ESTROGEN AND PROGEST-
ERONE RECEPTORS IN TARGET ORGANS

‘v ¥

Introduction \

Studies on the induction of puberty and the blood hor-
mone concentration profilé at the onset of natural puberty in
3 prepuberal heifers suggest that proéesterone may be involved in
‘}L ‘ £he final events leading to puberty. In determining the value
of progésterone as an aid in inducing estrus and ovulationqin
anegtrous,ewes,Robinson (1959 ) indicated that progesterone con-
ditioned receptors in higher cenfers to respond to low levels
of estrogen. One possible way by which progesterone may influ-
ence the final events leadiﬁg to puberty in heifers is as fol-
lows. Progesterone primiﬁg may increase the cytoplasmié estro-
-gen receptors at\the anterior pituitary and/or hypothalamus.
Thi; iﬂ turn will.inérease the sensgitivity of the receptors .

for blood estradiol, resulting in depletion of cytoplasmic

o [
estradiol receptors, which in turn initiates gonadotrophin

O surge and ovulation. . )

N
The objectives of this experiment were to study the
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influence of silastic vaginal device containing either progester-

.

v \ ' !

one, progesterone + estradiol-178 or no steroid on serum hormone
levels and the presence of cytoplasmic estrogen and progesterane

receptors in the hypothalamus, anterior pituitary and reproduc-

tive organs of the‘grepuberal heifer.

3

Materials and Methods

Eleven prepuberal Hereford-Holstein heiferé, 18-21 weeks

°

- of age and weighing approximately 135-200 kg, were used. They

were housed indoors and fed on a maintenance ration of grain and-

hay. They were.palpated rectally prior to the commencement of
treatments and none were cycliné. |
' " -

The heifers were allocated at random to the following
treatment groups. Tﬂree heifers were treated with silastic vag-
nal device containing no steroid and were désignated as controls
(“C"). Four héifers were treated with silastic vaginal device
containing 2 g of progesterone ("P"). Four heifers were treated
with silastic vaginal device coﬁtaining 2 g of progesterone and
10 mg of estradiol-178 ("P+E"); Five heifers, one from "C" and
two each from "P" and ;P+E" were slaughtered 48 hours after
insertion of the device. In the remaining six heifers, the

device was left in place for a period of 12 days; they were:

slaughtered 48 hours after removal of

Atk ¢



af

76

" the device. 'Immediately after slaughter,the uterus, ovaries,
adrenals, anterior pituitary, anterior hypothalamus, posterior
hypothalamus, portion of cortex tissue, portion of mammary

tissue and portion of liver were removed, weighed and placed on

L
ice in a 49C room.

Vaginal Devices

Silastic vaginal devices containing Erogeste;one and
progesterone + estradiol-17p were prepared as described in
p;rt II. C;ntrol device had the same surface area as others

without any steroid in it.

(:) Blood Samples and Estrus Detection
, \ '

Blood éamples (20 ml) from tﬁe jugular vein were obtained
at -24, 0, 6, 12, 18, 24, 30, 36, 48 hours and 2, 4, 8, 12 \
days after insertion of the device (0 = time of insertion).
Other blood samples were taken 6, 12, 24 and 48 hours after re-

moval of the device. Serum samples were stored in aliquots at P

-20°cC until assay. Serum progesterone and estradiol-178 were

&

determined as described in parts I and II. Se;um LH was -
'kindly assayed by Dr. G./Nisewender of Colorado State University,
Port Collins, Oélorado. o o

Heifers were observed for signs of estrus during the

0 . ' treatment period, with an aid of a vasectomized bull and Kamar
‘

-

heat mount detectors.

N
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Steroxd Receptor Assay
The steroid binding assay described by Korenman (1975) was

used with slight modlflcatlons.
Chemicals

a - Steroids

. ,Estradiol-17g-2,4,6,7-3H {NEN)
Specific activity 110 Curies/mM

2.. Estradiol-17p (Sigma)
3. Progeésterone-1,2-3H (N;ﬁ)
Specific activity 47.8 Curies/mM
., 4. Progesterone (Sigma)
5. '17,21-dimethyl-19-nor-4, 9-pregnadiene-3, 20-dione
(R 5020) 3H (Roussel UCLAF)
Specific activity 51.4 Curies/mM = ,
6. R 5020 (Roussel UCLAF)
. b - Chemicals for Buffer Solutions
1. Tris (Anachemia Chemical Ltd.).
2. EDTA (Anacﬁemia Chemical Ltd.) .
3. 1 N HCl (Baker and Adamson)
4. Dithiothreitol (DTT) (;igma) \
5. Chqrcoal‘(NORITA) (J.T. Baker Chemical Co.)
‘6. Dextran (DEX) (NBCo.) é
c - Scintillation solution components
1. Toluene, analytical grade (Mallinckrodt)
2, PPO, scintillation grade (Packard Instrument'Co.)

3. POPOP, scintillation grade (Packard Instrument Co.)

4, Bio-Solv BBS-3 (Beckman Instruments, Inc.)
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Solutions
(' : + a - TED BUFFER - 10 mM (TRIS), 1.5 mM (EDTA), 0.5 mM (DTT),

pH 7.4. This was used for the preparation of homogenate
and for receptor assay.

a b - DEXTRAN COATED CHARCOAL Buffer (DCC) - 10 mM (TRIS),
250 mg (NORIT), 2 5 mg (DEX). The pH was adjusted to
8.0 with HC1 and the volume made to 100 ml. This buffer
was used to separate the bound from unbound sreroid.

¢ - Scintillation counting solution - 3.8 litres of toluene,
¢ 18.95 g (PP)), 378.9 mg (POPOP) and 100 ml Blo—Solv
BBS-3.

h Preparation of the Cytosol
E N

Immediately after recovery of the tissues, they were indi-

vidually trimmed of connective tissue, minced and homogenized ,
i

(1 g of tissue in 5 ml of TED Buffer) using Polytron (érinkmann) : i

at full speed for-one minute. After four hours at 4°C,:£he homo-

-~

genate was centrifuged at 105,000 g for one hour at 4°¢ in an
e 3
ultracentrifuge (Beckman L2-65B) . The concentration of protein L

Eaie a3

in the supernatant was determined (Lowry et'al., 1951) and 1~2 ml

a
A

: ‘ aliquots of the supernatant were stored in liquid N, or at -20°%

L

Rt e - Ar

. until’ receptor assay.

Binding Agsay

_ The ' incubation generally followed the design shown in
Table 3. A total volume of 0.4 ml contained 0.1 ml TED buffer,
0.1 ml labelled steroid and 0.2 ml of cytosol (homogenate).

(:5 . In the blanks, the cytosol was replaced by the same volume of
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‘ Table 3. Estradieol and progesterone protein binding procedure.
Assay design.

o

Blank

100 pl TED Buffer
100 ul* .
200 pl TED Buffer . L]

Maximal Binding
. 100 ¢l TED
3 100 pi*
200 ul homogenate

Foe MR 2w ad UROKAS

. Displacement by excess unlabelled steroid
100 ul of excess unlabelled steroid
100 pul*
200 ul homogenate |

*Concentration Molar 1x10-11,1%10"101x10% 1x10~8, 2x1078 4x1078
of labelled steroid

Y

TED bufferl In the incubations where the displacement of
labelled gteroid_fraﬁ receptor gites was measured the buffer
contained an excess of cold steroid. All incubations were done
in duplicate. The homogenate was thawed and adjusted with TED
buffer to a final concentrati;n of 2 mg of protein/ml of homo-
gen?te. After add;ng the homogenate, the assay tubes were vor-
texed for 10 seconds and incubated for about 18 hours. After
incubation, 0.5 ml ?f freshly prepared dextran-coated charcoal
buffer (DCC) was added; the tubes were vortexed for 10 seconds
/

‘E} and allowed to stand at 4°C for 30 minutes. The tubes were ‘

then centrifuged at 2,000 g for 10 minutes. The supernatant was

s
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decanted into Qials containing 10 ml of scintillation solution.
The vials were sh;ken and left in the dark for 24 hours before
counting. -

Specific steroid binding for six levels of labelled ster-
oid addéd was calculated by subtgactiﬁg the counts in Bianks and
those containing an excess of cold steroid from each determination.
Totél radioactivity present in the ipcubation was estimateé‘by

omitting the charcoal. Counts per minute were then converted to

pico moles of labelled steroid_bdund/mg of protein. Pico moles

-

'1abelged steroid'ﬁound/mg protein and molar concentration of

labelled steroid added were then plotted on a semi-logarithmic’

gfaph paper and the pico moles of labelled steroid bound at

saturation point was determined.

Statistical Analyses

The concentration of hormones, the weights of the heifer,
the weights of adrenals, ovaries, uterus and anterior pituitary,
and steroid receptor concentrations were analyzed by regression,

as a split split plot experiment in a ¢completely randomized design.

Results !

b4

Mean éstradiol-l?B and progesterone concentration in serum
collected just prior to vaginal device treatment were not different
(P > 0.05) among treatment groups (Figure_ l10). Serum estradiol-

178 four hours after insertion of the device ayeraged 45.1 pg/ml °
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in "P+E" treated heifers. Subsequent to this maximum, estradiol

concentration decreased significantly (P < 0.01) eight hours post

device insertion and, thereafter, the concentration decreased

slowly. Forty-eight hours after insertion of the device, the

serum estradiol concentration averaged 16.5 pg/ml. Serum estradiol

4
o

returned to basal level orn, day 4 of treatment. No significant

change (P > 0.05 in serum estradiol concentration was observed in

heifers treated with "P" or "C" devices. gi:
The concentration of serum progesterone was 4.2 ng/ml four
hours after insertion of the device in both "P" and "P+." treated

~

heifers (Figure 11). After reaching &he maximal value, the serum
progésterone in "P" and "P+L" treated ﬁeifers decreased respec-
tively to 2.5 and 1.5 ng/ml'at device removal. A significant
decrease (P < 0.01) in serum progesterone was observed in "P" and
"P+E" treated heifers after removal of the device. No change in
serum progesterone was observed in control heifers.

The serum LH, quantitated irh the six heifers treated with
vaginai device for 12 day;, was generally very low or no; detect-
able during the treatment period. No change in serum LH was
observed in progesterone treated heifers before, during and
after insertipn of the device (Table 4). In "P+E" treated

heifers, one heifer had a maximum concentration of 7.6 ng/ml

12 hours post device removal and the other had 16.6 ng/ml 24

<

.
¢ el
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Figure 11.

‘!’_ | .

- -

Mean serum progesterSne in prepuberal heifers treated with Jaginal
device containing no steroid (C), progesterone + estradiol-178 (P+E)
or progesterone (P). O = time of insertion of the devices. n =
three heifers for group C and four heifers each for groups P+E and
P. Values for the rest of the sampling period appear in Appendix
Table 9.
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Table 4. Variability in serum LH concentratior**in prepuberal
) heifers treated with control, progesterone and prosz
gesterone + estradiol-17g silastic vaginal device.

Progesterone Progesterone+Estradiol Control

Time

15* 26 10 29 16 31
-24 hr 9.97 0.47 0.94 0.25° 2.00 4,00
0 hr 1.19 0.47 1.77 0.71 0.66 8.56
6 hr 0.26 0.40 1.02 0.31 0.57 2.07
12 hr ND 0.48 0.31 1.00 0.89 3,22
18 hr ND 0.20 ND 0.94 0.66 26,40
24 hr ND 0.22 0.51 0.49 0.41 . '2.25
30 hr ND 0.29 ° ND 1.71 0.31 1.68
36 hr ND ND ND 1.24 0.15 3,21
48 hr 0.58 ND ND C1.17 0.12 3.20
D4 * ND° ND 0.37 0.53 _ ND '3,58
Dg 0.63 ND 0.16 0.95 ND 52,21
D12, O hr 0.40 ° ND ND 1.97 0.16 14.91
Di2, 6 hr 1.30 2.4 0.60 1.64 0.15 1.40
D12, 12 hr 1.51 0.46 7.65 2.05 0,04 2.10
D12, 18 hr 1.46, 2.49 0.45 2.14 ND 1.94 \
D13 0.81 0.98 0.26 16.56 0.34 32.95
D14 2.86 1.49 0.81 1.20 0,72 " 1.65

*Animal number,

**ng/ml
0 hr = Time of devige insertion.
Dy, 0 hr = Time of device removal.

e

hours after the devicg removal. 1In one "C" treated heifer, LH
peaks were obse;ved at 18 hours, oﬂ day 8, at device removal
and 24 hours after removal of the device.
The analysis of regression on body weiéht revedled that
there wés no difference (P > 0,05 in the body weight among treatment

» u
groups. Hence no adjustment of organ weights was made in
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' _Felation to body weight. The analysis atso showed thaiithe

duration of the steroid d;vice treatment did not affect oréan
weights (P ¥ 0.05. The analysis of 3;gan weights revéaled
that uterine weight was affected by treatment (Table 5). "p"
and "P+E" treated heifers had signficiantly (P < 0.01) higher
uterine weights (70.9 and 73.8 g, respectively) than ‘control

heifers (48.3 g). Ovarian weight was also affected by treat-

87

ment (P < 0.05). Ovarian weight in "C" treated heifersg (4.7 g)

# .
was higher than in "P" and "P+2" treated heifers. Ovarian

weight for "P" treated- heifers was greater (P < 0.05) than
for "P+E" treated heifers. The mean weight of pituitary was
lower (P < 0.05 in "P" treate€d heifers than in "C" and "P+E"
treated heifers. A positive correlation (P < 0.05) was
obtained between (a) uterine and adrenal weigbt (0.54), (b)
uterine and'anterior pituitary weight (0.31), (c¢) ovarian and
adrenal weight (0.41), and (d) ovari;h and anterior pituitary
weight (0.52).

The highest concentration (5.8 pico moleé/mg cytoso%

protein) of uterine estrogen receptors were obseryed in "C"
[~ 3

treated heifers (Table 6). This was significantly different - .

(P < 0.05) from that of "P" and "P+R" device treated heifers.

N

Indeed, "P+E" treated heifers had the lowest concentration
(2.1 pico moles/mg cytosol protein), which was signifi;;ntly
different (P < 0.05) from "C" and ”é" treated heifers. ~ The
progeéterone receptor concentration in uterus, when

tritiated progesterone was used for binding,

. ~ -
. . - . ) “m
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Table 5. Effect of progesterone and progesterone + estradiol-178 device treatment on
uterine, ovarlan, adrenal and anterior pituitary weights in prepuberal heifers*,
Q - B
-~ Treatment No. of Body Wt . Uterine Wt  Ovarian Wt  Adrenal Wt A, Pit. Wt
Groups Animals (kg) (q) (g) © {g9) (g)
- -~ - ] v
Control 3 “1722 48.3a - 4.7a 7.63 - 0,922 V4
(161-193)  (49.1-59.5) . (2.0-8.7) {6.6-8.6)  (0.89~0.96)
Progesterone 4 les2 70.95™ 3.9 _ 8.53 0.94b
Device ' (147-189) (40.4-122.2) @&.3-5.3}) (86.2-10.6) (0.87-1.01)
< T~ ‘
Progesterone ¥ 4 " 1642 73.8b | 2,9¢ . 7.92 0.922 : 4
Estradiol-178 - R (136-177) (54.6-95.4) (1.7-3.4) ’(6.9-8.6)‘ (0.79-1.01)
Device =
= . K
- L
. *Average “figures witl'i ranges in parenthesis. i
2, b, Copservations bear:.ng superscript 1nd1cate th$ differences and similarities. in columns,

SJ.gm.f:Lcant‘3 level P<0,05. ‘
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Table 6. Effeect of progesterone and progesterone # estradiol-178
. vaginal device treatment on the presence of estrogen '
\ and progesterone receptor sites* in the uterus of
\ prepuberal hejfers. “ '

‘ Estrogen

Treatment Receptors Progesterone‘Reggétors

r '3H-E2 Bound SH-P Bound 3H-R5020 Bound
Control ' 5.872a 1.562 2,712

(3 £0.40 +0.28 ’ +0.91 .
Progesterone 3.51b 0.73b ~ 1l.49a
(4D ’ t1.50 . 10.44 +0.921
Progesterone + 2.08¢ 1.02b ; 2.162
Estradiol-178 10.98 10. 26 +0.78

(4)

/
/
i

e

*ﬁgco moles of steroid bound at saturation point/mg grotein of
tissue homogenate. . .

a, b, copgervations bearing superscript indicate the differences
and similarities in columns. Significant P <0.05.

»
> .

( ) = No. of animals.

e
Y

was highest (1.6 pico moles/mg cytosol protein) in ngv treated
heifers which was significantly differgnt~(P-gd.95) fram other
two treated groups. The binding of trifﬁafed R5020 to uterine
progesterone receptors 'was twice as high (P<0.0l) as .
that of tritiated progésterone. However, no differencg_(P?»0.0S)

was observed in uterine progesterone receptor concentration

among treatment groups. There was no significan% (P>0.05)



- adrenal, cerebral cortex, and mammary were not detectable by

Py

effect of treatment on estrogen and progesterone receptors in i

the posterior hypothalamus and the anterior pituitary {Tables 7

and 8). However, "P" and "Pff heifers had slightly higher
esirogen and progesteronebrecepﬁors than "C" treated heifers.
The mean concentration of estrogen receptor in anterior hypo-
thalamic tissue of "p" ang "P+2" treated heifers was slightly
gigher (p > 6.05) than in control heifers (Table 9). The pro-
gesterone receptors weré not detectable in’anterior hypothalamic

\
tissue. Estrogen and progesterone receptors of ovary, liver,

the present procedure. The'analysis of regression showed that
time of élaughter did not haz? any effect (P > 0.05) on estrogen
d progesterone receptors in uterine, anterior pitﬁitary and

ant®&Tior and posterior hypothalamic tissues.
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" Table 7. Effect. of progesterone and progesterone + estradiol-17g
vaginal, device treatment on the presence of -estrogen

and progesterone receptor sites* in the posterior

) hypothalamus of prepuberal heifers.

4

. : Estrogen
Treatment Receptors Progesterone Receptors
___“H-E2 Bound ‘H~P Bound H-R5020 Bound
Control 0.1120 0.0623 :© 0.2317
(3) %0.008 Y0.014 *0.095
N
Progesterone 0.1250 - 0.1108 0,6305
(4) +0. 049 +0.063 +0. 142
Progesterone + 0.1943 0.1433 0.5212
Estradiol-178 10.049 t0.p87 $0.078
(4) . ]
*pico moles of steroid bound at saturation point/mg protein of tis-
sue homogenate.
,‘i) ( ) = No. of animals.

**Column means are not significantly different (P> 0.05).

g



' Table 8. Effect of progesterone and progesterone + estradiol-178
‘ . vaginal device treatment on the ‘{presence of estrogen
and progesterone receptor sites* in the aqterior

*
- * 92
-/ . - - ‘ .
i
g
i

f pituitary of prepuberal heifers, .
B " Estrogen’ .
: ! Treatment Receptors Proges terone Receptors
H-E> Bound _, 3H-P Bound SH-R5020 Bound
Control 0.0857 0.0493 - 0.0770 '
(3) $0.037 +0.008 +0.008 ,1
Progesterone 0.1655 0.0908 ‘ 0.1495 |
(4) f0.041. $0.026 © £0.036 z
Progesterone + 0. 1418 . 0.0910 0.2368
Estradiol-178 +o0.0087 +0.075 +0:174
(4)
*Pico moles of steroid bound at saturation point/mg protein of

tissue homogenate.s
( ) = No. of animals. »
() » **Column means are not significantly different (P> 0.05).

s

Table 9. Effect of progesterone and progegterone + estradiol-178
vaginal device treatment on the Presence of estrogen
receptor sites* in the anterior hypothalamus of

prepuberal heifers. ) "
Preatment Estgogen Receptors
H~E2 Bound

o/ Control = , 0.086
‘ (3) . %0.047
Progesterone . .0.180

(4) %0.083
Progesterone + estradiol-178 . 0.214
(4) : d +0.130

'r“

*pico moles of steroid bound at saturation point/mg protein of

tissue homogenate.
0 ( ) = No. of animals.
**Means are not significantly different (P»0.05).
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DISCUSSION
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Following insertion of silastic devicés contaihing-pro-

4

gesterone, the serum progesterone levels indicate that the release of

proégsterone from silicone rubber depends haiﬁly on the-surface
area of the device. This is in agreemené with Dziuk and Cook
(1966) who also reported that surface area iy more important
than concentration in determining release of steroids from sil-
icone rubber implants, :Similarly, Roche (1974)'repor£ed that
the silastic devices with large suréace area preQented heifer;
from coming into estrus, whereas dev}ces havigpg ﬁalfﬁphe sur-
face area did not prevent heifers from coming into estrus.,
Studies on the transport of steroids across silicone mempranes

’ -
have also shown that permeability rates were inver

]

tionalnto‘thickness f the membrane (Kincl and

1968) and degree of lyophilicity of the steroid (Kincl -and Rudel,
N )

1571). The present study is the first report which shows that
route of administration of the proégsteronevdevices Whether.
subcutaneous or intravaginal does not affect the release of pro-
gesterone through silicone membrane. L

A decrease in peripheral level of serum progestercne

over time was observed while the devices were in place. A sim-

ilar observation was made in cycling heifers (Rajamahendran et
93

) | oo :
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‘ ! al., lS?S).‘goats _(Dhindsa et _a__;._.. 1973), sheep (Symons et al.,

»  and prepuberaljgilts (Beebe, 1976). Although Symons et al.
(1974) reported that the decline in serum progesterone was due ‘

" %o a physiological process rather than to unavailabilit¥ of the

e

'. : hormone from implants, the reason for the  decline is not clear.

> Howewer, several possibiiities exist. Either the transport of

‘ -

progesteroﬁe from silastic ‘device was affectéd due to (a) encap-

-

»

sulation by fibrous connective tissue and secretions (Kinel and

b

e

Rudel, " 1971), (b) absorg;ion of ligié~cdmp0nents from the tissue

Lah i JUGEERS SN

to the device (Kincl and Rudel, 1971), (c) the thickness of the
silastic tuBing or rapid remeval of progesterone from circula-
(T@ tion by increased liver enzyme activity and conjugation. E

Dlurnal variation in serum prdgesterone was demonstrated

following 1nsert10n~of progesﬁerone devices. Diurnal varlat;on
in serum progesterone levels "did not occur in the bovine at
estrus (Katangolle et al., 1974) or during mid-luteal phase ’
(R;jamahendran and Baker, 1975); The ;eason for the observed

- : diurnal varigtion in the present study is not, c{ear: ‘The mos}.
likely possibility would be the differeﬁceo io motabolio acti-~

vigy and liver conjugation of progesterone which iis believed to

- _ vary with feeding pattern and anlmal behaviour\(MacAdam and Eber-

S

hart, 1972) or dlffergnces in blood supply to varlous parts of .
0 the body at different times of the day. A diurnal variation ‘in

peripheral plasma concentration of adreral corticoids has been
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' demonstrated 1n man (Rose et al., 1972), pigs (Bottoms et al.,
1972) an8 horses” (Bottoms et al., 1972). However, in the bovine
results are conflicting. Hudson et al. (1974) failed to observe
any diurnal variation. MacAdam and Eberhart (1972) obtained an .
early morning peak but no following trough, whereas Wagner and
Oxenreider (1972) obtained a trough between 1800 hr and 0200 hr,
but no early morning peak. It is also possible that the diurnal
variation observed in the present study was due to progesterone
produced by the adrenals. It has been shown that adrenals pro-
duce progesterone in bovine (BAlfour and Comline, 1957). Resko
(1969) reported that plasma progesterone level increased follow-

(f’ . ing ACTH in ovariectomized rats. Thus, one might postulate that
heifers may also experience a diurnal progesterone level as a
result of change in adrenal activity.

It has been suggested that serum progesterone concentra-
tion of 1 ng/ml and above will block estrus and ovulation in
cycling bovine (Hansel and Malven, 1970). Fu{ﬁher;”the serum

“ progesterone profile during the estrous cycle in the bovine
(Stabenfeldt, 1969:; Henrichs et al,, 1971; Wettemann et al., 0
1971; Rajamahendran et al., 1976).also/indicates that estrus
and ovulation dccur only after the serum progesterone declines
to less than 1 ng/ml. 1In the present study except for treatment

‘} "A" prepuberal heifers, the serum progesterone in other heifers 47

- [

; at device removal was greater than 1 ng/ml.' Therefore, the
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devices used in treatment-"B", "C" and "D" may be used to control
estrus and ovulation in~cycling heifers. however; the practical
difficulties invoived in 1nserting the tréétmegt "B" device

do not favqur its use in estrus synchronizétiOQ?

- None of tﬁe prepﬁberal heifers treated with s;ling fol-
lowing progesterone device treatment exhibited estrus or ovu-
latedﬁ'suggestigékihat the progesterone priming should be fol-
lowed with an ovulataory stimulus. This is in agreemé;t with
other workers whe indicated that progesterone pretreatment in-
creased the incidence of ovu%ation in prepuberal heifers (Howe
et al., 1962; Arije ég al., 1969; Neville and Williams, 1973) and
anestrus ewes (Robinsgn, 1959; Gordon, 1963; Hulet and Foote,
1969). The number of ovulations folléwing 500 TU of PMSG
ranged from two to four and no unovulated follicles were ob-
served §t palpation, which suggests that progesterone treatment.
also suppressed excess follicular development. The results sug-
gest that more uniform ovulations with excess follicular devel-
opment can be qbtained in grogesterone primed prepugeral hei )
with increased dose of PMSG. Gonzalez-Padilla (1975b) reported,
that all prepuberal @eifers which received estradiol-178 with

2

progesterone priming ovulated. In contrast, in the presént

study only 25% of the estradiol-178 treated heifers following

. prbgesterone priming ovulated. The low success rate obtained

' ,

may be due to ,the differences in age of the heifers used.

- 0 /
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Recent experience by the author indicates that estrus, ovulation

and cyclic activity can be induced'in prepuberal yearling heifers

\

by treating them for 12 days with vaginal device contaj

estradiol-178 and progesterone. Ka(iiébach et al. (19

shown GnRH to produce substantial increase in serum FSH and LH

levels in heifers following administration of GnRH. It wa;

reported (Bedirian, 1973) that GnRH stimulated follicular growth

but did not cause any ovulatgon in prepubgral heifers, Howevér,

in the present stzdy 25% of the‘heifers treated with GnRH follow-

ing progesterone priming ovulated. This observation is encour-

aging.Further work should be dong with higher aoses of GnRH in

an attempt to induce ovulation in progesterone primed heifers.
Serum estradiol-178 observed in cyclihg heifers with

vaginal device\containing progesterone + estradiol-17g was

thrice the previous reported value for proestrus heifers (Wettemann

et al,1972)., Serum estradiol-17B8 declined to pretreatment |

levels forty-eight hours after insertion of the device and‘

this value was comparable to-basal values repprted for normal

cycling heifers (Wettemann, 1972). The maximum concentration

of serum progesterone observed was comg;rable to mean progest-

R
erone poncentration previously reported (Henricks et al., 1971;

Wettemann et al., 1972; Rajamahendran et al., 1976) for heifers
in mid-luteal phase of the cycle. Twenty-four hours after re-

moval of the device progesterone concentration declined to’

L)
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2 basal values reported for proestrus heifers (Henricks et al., 1971;

s
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Wettemann et al., 1972; Rajamahendran et al., 1976). The steady
% continuous release rate of progesterone from silastic vaginal

device appears to simulate more closely the normal endogenous .

‘

- release rate of steroids from a’aocrinelllands than daily injections. &

"

The high percentage (> 90%) of heifers exhibiting estrus

following a 1l2-day treatment with vaginal device containing pro-

gesterone + estradiol-178 observed‘hn,this study is comparable to

others”™ results (Wiltpank and Kasson, 1968; Roche, 1974; Wiltbank

TRt e S 0B 5 A T s T 1 e AR Ty

an@\Eﬁnzalez—Padilla, 1975).1}!&¢ percentage of heifers exhibiting

estrus and ovulation and thebiﬁterval fo estrus after device o

/é‘ .

;v,(- removal was e same regardless of the stage of the cycle. However,
7y .

.

Roche (1974), using subcutaneous implants containing-progesterone,
inserted for 12 days and an jnjection of estradiol benzoate at
insertion, observed that the estrus response was low in animals '

’ treated on day 3 and 17 but was high in those treated during mid-

2

luteal phase of the estrous cycle. He also reported that pro-

LY
gesterone and estrogen injection at the time of insertion of sub-

cutaneous implants containing progesterone increased the estrus
S

response in heifers treated on day 17. Similarly, in the present

study an injecéion of progesterone and estradiol benzoate given

I d . N
(} at the time of insertion of vaginal device containing progesterone

was capable of synchronizing estrus in 90% of

o




4

TR VI ST TomE A -

99

the treated heifers.

Progesterone injection at the time of device insertion
was given to shorten the length of cycle in heifers ﬁpat were
in day 0 to 4 of the cycle (Harms and Malven, 1999?/Ray et al.,
1961; Woody et al., 1967) and to suppress estrogen induced LH

release in follicular phase heifers. High levels of progesterone

Ly
Eiara o
(g e

adpparently can inhibit the LH response to esﬁfadiol (Bolt et al.,
1971; Scaramuzzi et al., 1971; Hobson and Hansel, 1971). The
high estrus response observed in heifers treated with vaginal
device containing progesterone + estradiol-17p during early
luteal phase and follicular phase indicate that the progesterone
released from the device was sufficient to shgrten the length

of the cycle and to suppress estrogen induced ILH release. The
results indicate that both the devices used in the pres;nt

ik

study were effective in synchronizing estrus in cycling heifers.
However, vaginal device containing progesterone and estradiol-
178 seems to be more practicable than injections of estradiol
benzoate and progesterone given along with vaginal device con-
taining progesterone.

. Based on limited number of%observations the conception
Fate following synchronized estru; was g%tisfactory. This con-
ception rate is in agreement with conception'rate for replace-

ment heifers in our herd at first insemination. Conception

rate comparable to controls were also observed by other workers

~

.
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using 9-day (Wiltbank énd Kasson, 1968) and 12-day (Roche, 1974)
progestagen treatment. The conception rate to matings at the
controlled estrus following 18 to 21 days progestagen treatment
was lower than normal (Hansel, 1967; Jochle, 1972). Following
short term progesterone treatment Rodetter et al. (1972) ob-
served that plasma eétrogen levels at estrus did not differ
from control, whereas heifers treated, with progestagen for 18
to 21 days haé very high levels of estrogen. The abnormally
high estrogen levels have been attributed to the low conception
rate observed with long term progestagen treatment. The high
estrogen levels have resulted in reduced sperm transport {Quinlivan
and Robinson, 1969), fertilization rate (Hill et al., .1971) and
altered transport of ova through the oviduct (Reed aﬁa Rich,
1972)

The high (90%) retention fate of vaginal device in Héifers.
obtained in the present study was comparable- to values reported

-~

for Abbott vaginal coils (Mauer et al., 1975; Rajamahendran et.al.,
1975; Roche, 1976). Although the retention rate in cows was

not tested in this study, others (Sgeenan, 1974; Roche, 1976)
indicated that the reteption rate in cows was slightly lowexr than
heifers. The lower retention rate may be due to increased vagi-
nal dimension, which seems to increase with calving. PFurther

work should be done to evaluate the retention rate and estrus

'

synchronization success in cows using vaginal device. Vaginal
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devices used in the present study were more easily inserted and
removed than the Abbott Vaginal coils. Fur;hermoré, there was
less irritation to the vaginal wall as judged by rectal pal-
patién and no uneasiness observed in heifers while the devices
were in place. The only adverse effect noted was occasional
yellowish white dischafge during the éreatment period particu-
larly when animals were housed.

It has been shown (Cooper and Furr, 1974; Lauderdale, 1974; Raja-
mahendran and Baker, 1975) that two injections of prostaglandin
qu 10 to 12 days apart without reference Fo previous cygle
resulted in the majority of animals returning to estrus 48 to
72 hours after second injection. The conception rate following
synchronized estrus based on limited observations appear to be
normal. However, the high+scost of PGF,, ($30 per animal) and

the practical problem of giving injections will not favour its

uge in large scale ‘beef operations. Further, it does not appear

‘that Food and Drug Administration will allow the use of, prosta-

glandin Fyy for estrous synchronization in cattle, for its
known side effects and misuse in humans. The vqginal dev%ce
used in the present study is eaéy to make, easily inserted and
removed and costs only five ddllars per device and it contains
progesterone and estradiol-178, which are normally present ig

blood, milk and tissue.

From extensive studies in the ovariectomized ewe (Robinson,

s

°
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1959) it is now clear that both progestérone and estradiol-178
play an important role in the induction of estrous behaviour.
In the present study all ovariectomized heifers treated with

vaginal device containing estradiol-178 exhibited estrus approx-

r
-imately %4 hours after the insertion of the devices, whereas

none of the heifers treated with vaginal devices containing pro-
gesterone or progesterone + estradiol-178 exhibited signs of
estrus after insertion. The results suggest that progesterone
could block estrogen induced estrous‘beh;viour. This observa-
tion agrees with othgr reports in ovariectomized heifers (Short
et al., 1973) and ovariectomized ewes (Scaramuzzi et al., 1971).
The site of action of progesterone block of estrous behaviour is
not known. It has been reported (Astwood and Dempsey, 1941:;

Dey et al., 1945)Dthat estrous behaviour can be induced in
estrogen treated ovariectomized females regardless of the pres-—
ence of a functional pituitary gland. Hence progesterone block
of estrus must be at the hypothalamic level.

In the present study higher sefum.estradiol—l?ﬁ was ob-
served in ovariectomized heifers which received estradiol-178
device relative to that in heife{s receiving estradiol-178 with
progegterone. The exact reason for the difference is not clear
but it may be possible that progesterone either affected release ,

of estradiol-178 from the vaginal device or the absorption of

estradiol-178 through the vaginal wall. Vaginal device
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containing estradiol-178 alone induced a significant release of
Or .
serum LH 16 to 20 hours after insertion of the device. This

‘,r{\
observation is in agreement with other reports in ovariectomized

heifers (Short et al., 1973; Hausler and Malven, 1976) and pre-
puberal heifers (Swanson, 1974; Gonzalez-Padilla et al., 1975).
These observations and the blood hormone levels strongly suggest
that estrogen causes ﬁH release in the bovine. The observation
that progesterone device treatment alone did not affect the
concentration of serum LH is in agreement with otsgrs for ovar-
iectomized cows (Hobson and H%%sel, 1972; sShort et al., 1973;
Hausler and Malven, 1976) and c¢ycling cows (Hobson and Hansel,
1971).

LThe pituitary LH response of cycling heifers to a rela-
tively low dose of estrogen was lowered during the luteal phase
of the estrous cycle (ﬁobson and Hansel, 1972). Similarly, in
the present study progesterone was able to block estrogen induced
LH release innall ovariectsmized heifers. This study confirms
the findings of others in ovariectomized ewe (Scaramuzzi et al.,

1971; Diekman‘and Malven, 1973) and intact ewe (Bolt et al.,

1971; Howland et al., 1971). However, with similar experimental
model Short et al. (1973) and Hausler and Malven (1976) failed
to inhibit estrogen induced LH release by exogenous progesterone

in ovariectomized heifers. The present study clearly dqmonstrates

that, in the bovine, progesterone blocks estrogen induceé LH
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release at anterior pituitary or hypothalamic level.
The serum estradiol, progesterone and 1H observed in the
present study in control prepuberal heifers were comparable to

others' findings (Donaldson et al., 1970; Swanson et al., 1972;

Gohzalez-Padilla et al., 1975). It has beé€n reported (Gonzalez-

L]
Padilla et al., 1975) that estradiol administration results in

-

estrous behaviour and LH peak in prepuberal heifers without sub-

o

sequent ovulation. The failure to observe estrus and LH peak in

prgpuberal heifers treated with estradiol-178 progesterone véginal

device suggests that progesterone blocked estradiol induced estrus

and LH release. Two prepuberal heifers that were treated with

rd
| . progesterone + estradiol-178 device for 12 days showed LH peak

after removal of the device. Gonzalez-Padilla et &l. (1975)

observed, in prepuberal heifers near puberty, peaks of serum pro-
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gesterone and LH peaks when the serum progesterone declined.

Target tissues for steroids contain specific receptor mol-

ecules ;hich have a higher affinity for steroid molecule. In rats
specific receptors for estrogens and progesterone are found in the
’ . reproddétive tract, the mammary gland, the anterior pituitary and
hypothalamus (0'Malley, 1971) . T£ese receptors are present in
relatively low numbers within the.target tissue cells.
‘? . Binding curves for uterine, anterior pituitary and hypothalamic

cytosol prepérations in bovine indicate that the




|
b
|

105
- ) - {
progesterone ‘and estrogen binding proteins from the above tissue§'
are saturable at concentration of brogésterone and estrogen ,
within the physiological range. Steroid specificity of the
receptor’wa; demonstrated by eﬁploying 100—f01& excess of F61d
steroid. The tiss;e specificity of the steroid was demonétrated )
by showing high receptor content in uterus, low in antepior pit-
uitary and hypothalam;s and non-detectable levels in liver and
cerebral cortex. These criteria were us;d to validate r;ceptor
assay in this study.
Estrogen binding protein concentration observed in uter-
ine cytosols fall within the range of coﬁcentrationg reported
for calf uterus (Sanborn et al., 1971) and endometrium 6f cycl-
ing heifers (Kimball and Hansel, 1974). In the present study
a sigﬁificant decrease in uterine estrqgen binding protein was P
observed in progesterone-and progesterone + estradiol-178
treated heifers compared to controls. This observatién is in
agreement with others, who reported that pro%esterone treatment
caused a significant reduction in the amount of cytoplasmic
estrogen receptors in immatureprat uterus (Huseh et al., 19Y6).
rabbit uterus (Martin,et al., 1975). JIn the present study the pro-
gesterone binding concenttYation observed for utg%ine cytosols
is similar'to that reported. for calf uterus (Hays, 1975). 1In

this study a significdnt decrease in uterine progesterone bind-

ing protein was observed in progesterone and progesterone +

[
.
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. estradiol-1l7p treated heifers ’éompared to control. This obser-
- w’ *

vation is in agreement with other reports in rats (Parks et al.,
1974), guinea pig (Milgrom et al., 1972), hamster (Kato, 1975).
The presént study is the first report of anterior pitui-
ig?:y and hypothalamus cytosol estrogen and prqgesterone binding
l;;gfeins in the bovine. Therefore, it is not possible to draw
comparisons except with reports of.similar binding protein in
sheep and goats (Galscock and Hoekstra, 1969) and rats (Kato:
and Villee, 1967) and other species, The demonstration of
specific estrogen and progesterone binding protein in the anter-
ior pifuitary and hypothalamus suggests that proggg@efone and
(:} estrogen modulate éhe secretion of gonadotrophins by acting at
these areas. In this study no significant change in the estrogenp
and progeséerone binding protein were observed in antegior pitui-
tary and hypothaléhic cytosols in progesterone and progesterone
+ estrgdiol-l?ﬁ treated heifers, However, in the anterior pit=
‘ uitary and anterior hypothalamic cytosols, a ;light increase in
estrogen receptor protein was observed in progesterone and
progesterone + estradiol-lgé treated heifers. Similar obser-
vations have not been repor?ed in other species. However, it

L

has bequrhown that estrogen pretreatment enhances tissue sen-
sitivity to progesterone and this enhancement is correlated
o ' with an increased quantity of cytoplasmic receptor for progest-

erone (Milgrom et al., 1973).
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In the present study it was hypothesized that progester-

° S

one pretreatment would increase the,ieceptors for estrogen at
the anterior pituitary and)or hypothalamic level, Althougﬁ
there is a trend towards ﬁncreased estrogen receptor céncenﬁra—
tion the results obtained were not significant, probably due to

<

small number of observations made.< Further work should be done

Il

with greater numbers of animals and employing increased concentra-

\

-

tion of anterior pituitary and hypothalamic cytosols. However,

a

the effect of progesterone priming can also be explained by a

k-4

mechanism other than changes at the hypothalamic or anterior
pituitary level, since regar&less of progesterone priming, the
estradiol injection elicited LH peaks in prepuberal heifers

(swanson et al., 1974; Gonzalez-~Padilla et al., 1975). There~-
- ‘ e
fore, the possibility exists that progesterone priming may "

increase the sensitivity of the ovaries to endogenous gonado-

trophin<zhereby increasip@ follicular development and ovulation

'
./

or both mechanisms maz4exist.

/3
It has been d)/bnstrated that 17, 21-dimethyl~19-nor-

4,9;pregnadiene~3,20l ioné (R 5020) binds to the rabbit and
guinea pig ute?us\éyﬁ%sol Q:ogeste;one receptor with an intrin-
sic associatgon constant two to five fimes highgr than that of
progesterone (unpublished data). The present study confirms
the aone reports in bovine uterus, anterior pituitary and

\

hypothalamus cytosols.

®
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. . In conclusiqn, a r,ela.tivelywsimpl,e and inex‘pensive vagi-~
nal device containing progesterone +~estradiol—laﬁ was developed .
;o éynéhronize estrﬁs in cattle. There was precisé onset of .
“ estrus after removal of dhe device an® hence will render artri—

»

’ ficial insemination feasible at predetermined time without prior

detection bf estrus. The fei‘i;il_ity rate fgllowing vaginal

H
< J

LQ device, based on small number of observations is satisfactory.

. Further work should be done’'to determine the retention rate, N

L3

AET e

effective synchronization and conception rate under field con<
O . ditions. Preliminary studies indicate that this vaginal'devicé

could be used to ici.nduce fertile estrus in postpartum anestrus

! ‘

: ‘ . cows. The devices were not tested for retention rate in cows.

.

If retention rate of the device becomes a problem, it might be

improved by increasing the surfac;“area"of the device and/or

thicknes:; of the sillqastic tubi'ng. Studies also indicate that
(ﬁd these devices could be used to induce cyclic activity in pre-
Y puberal and anestrus heifers. Furthermore the dev?.ces can be‘

1’13e’d to 'sdtudy the role ofbovarian steroids in induptioh of . |

‘puberty, parturition, lactation and .other physioclogical func-

tion, .

L} ’ -

The present study has demonstrated .that prog.e_sterone

block estrogen induced estrus behaviour and IH release. However,
B ' !

o

. the role of progesterone in the initiation of puberty is yet to

N be“determine&. It is suggeéted that in view of the small number

.
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of animals used and the observed high variability, further-work

be done using more animals. However, the possibility exié?s

that progesterone may be involved in the final events leading

to puberty by increasing the sensitivity of the ovaries to X

endogenous gonadotrophins, thereby increasing follicular devel-

opment or both mechanisms may exist. |

et ey
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Y CLAIM OF ORIGINALITY

To the best of the author's knowledge, the following

elements, in the thesis, constitute original contributions to

knowledge. .

1.

Estrus was synchronized in cycling heifers using a silastic
vaginal device containing progesterone and estradiol-178.
The demonstration that progestérone blocks estrogen induced
estrus behaviour and LH surge in ovariectomized and pre-
puberal heifers.

The observation that route of insertion of silastic device
containing progesterone does ﬁot infiuence seérum progest-
erone.

Induction of ovulation and cyclic activity in progesterone
primed, prepuberal heifers using a synthetic gonadotrophin
releasing hormone (GpRH).

f;? demopstration of diurnal variation in serum progesterone
in prepuberal heifers following silastic device containing
progesterone.

The demonstration of a decreasé in uterine éstrggen cytosol
binding protein following progesterone treatment in pre-
buberal heifers.

The demonstration of specific progesterone and estrogen cyto-
d

sol binding protein in anterior pituitary and hypothalamus of

prepuberal heifers.
110
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