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Gilts represent up to 404 of the breeding herd on many
farms today (Tomes and Niel sen, 1982). Thus, their
reproductive performance will have a strong influence on
total piglet praoduction during the farming year.
Unfortunately, reproduction is the least efficient facet of
the pork production system. Gilts add to this inefficiency
in two ways: there is a time lag before they become part of
the breeding herd{(age at puberty) and they farrow a smaller
litter than brood sows.

A single injection of pregnant mare’'s serum
gonadotropin{FM8G) followed 72 h later by another of human
chorionic gonadotropin{hCG) has been used experimentally in
immature gilts to supply & source of materials for
follicular and cytological studies in vitro and to study

follicular development and ovulation in vive. The capacity
of this hormonal combination to induce estrus and continued
cyclicity and/or pregnancy in prepuberal gilts has been
studied but many questions remain unanswered. There might be
a potential to increase reproductive performance through
their use. Two experiments were undertaken: the first to
assess maintenance of cyclicity and pregnancy in  three
age/weight groups of prepuberal gilts following treatment

with PMSG/hCGE and the second to study LH scretion patterns

before and after OGnRH administration in an attempt to



explain the variation among groups that was anticipated

the first study.

8
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ABSTRACT
M. 8c. I. Ursula Earalus Animal Science

(Fhysiology?

AGE/WEIGHT ~ RELATED SEXUAL MATURATIONAL CHANGES
IN PREFUBERAL GILTS

The induction of puberty with PMSEG(750 i.u.) and hCG {500
i.u. 72 h later) and the maintenance of pregnancy after
artificial insemination at second estrus was assessed in 48
prepuberal gilts each representing one of three age/weight
groups. Signs of estrus and ovulation were induced in 46/48
animals but based on plasma concentrations of progesterone
and estrone sulphate and reproductive tract measuwrements
taken at slaughter (34 d post-A.I1.), 354%4 of gilts reverted to
the prepuberal state after one estrous cycle. 0Ff the cyclic
gilts, 52U were pregnant with 3-10 live embryos. 0Older,
heavier gilts(: 160 d, 2 73 kg) maintained cyclicity and
pregnancy more reliably than their vyounger counterparts.
Dverall, 894 of treated animals reached puberty by 200 d. In
a second experiment, B8-h pulsatility patterns of plasma LH
were determined in six catheterized prepuberal gilts at 110,
140 and 170 d{mean ages of the three groups in Experiment
1}. As a measuwre of anterior pituitary responsiveness, a
single i.v. dose of GNRH(0.5 Fg/kg) was administered at the
end of the 8 h and blood samples were collected Ffor an
additional 4  h. Fre-6GnkH LH means, amplitudes and
frequencies of release, and post-GnRH LH surge heights

tended to be higher at 110 d.



RESUME

M.S%c. I. Ursula Karalus Science Animale
{Fhysiologie)

CHANGEMENTS DE LA MATURITé SEXUELLE EN RELATION A
l."AGE ET AU FOIDS CHEZ LES TRUIES PREFUBERES

L'induction de la puberté avec PMSGE(750 w.i.) et 3500
w.i. de gonadotrophine chorionigue humaine 72 h plus tard de
meme que le maitien de la gestation aprés insemination
artificielle au second oestrus a été determine chez A48
truies prébubéres chacune représentant un des trois groupes
age/poids. Les manifestations d'oestrus et d'ovulation ont
été induites chez 446 des 48 animaux cependant 54% sont
retournés a un statut prépubére apr@s un cycle. Cette
derniere observation est basée sur les concentrations
plasmatiques de progestérone et d’ oestrone sulphate et sur
les dimensions du tractus génital aprés 1 "abbattage (34 jours
post—insemination). 3524 des truies démonstrant un cycle
etaient gestantes avec 3 a 10 embryons vivant. Les cycles
sexuels et la gestation étaient maintenus plus fortement par
les truies plus agées et de plus grand poids(: 160 jours, =
75 kg) que par les truies plus jeune. Au total, B89% des
animaux traitgs araient atteint la puberté au 200"  jour.
Dans une seconde expérience, la sécrétion pulsative de LH a
gté determine pendant 8 h chez six truies prépubg?es
cathétgrizée au jours 110, 140 et 170(age moyen des trois
groupes dans 1’expérience 1), A la fin de la périade de 8 h

7/
une simple dose i.v. de GNRH(D.3 Hg/kg) a éfg administre et



des %®chantillons sanguing ont éte recueillis pendant 1 h
additionnelle afin de mesurer la sensibilité de 1 'hypophyse
antérieure. Les moyennes, amplitudes et frequences de
reldchement de LH pré*GnRH de m8me gue la hauteur des
courbes de relfchement de LH post-GnRH tendaient a étre plus

/ s - .
elevees au 110" jour.



EXPERIMENT 1
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LITERATURE REVIEW
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THE NORMAL REPRODUCTIVE PROCESS: Domestic pigs are born
in large litters (9-12 piglets) after a gestation of
about 115 d (Hughes and Varley, 1980). From then on, they
grow rapidly until the state of sexual matwity or puberty
is reached. Fuberty can be defined as the exhibition of
first estrus followed by continued cyclicity. There
is a large variation in puberal age and weight.
Onset of puberty is reported to range from 102 to over 350 d
of age (Brooks and Smith , 1980 ) with less than 10%
reaching puberty prior to 160 d (Callaghan and King, 1978)
and within a weight range of 53 to over 120 kg (Hughes and
Cole, 1973).

Externally, the approach of estrus is often initially
noticeable 2-6 d earlier by the reddening and swelling of
the female’'s vulva{Buwrger, 1952), a reaction to increasing
levels of estrogen (Ez) produced by developing follicles.
At this time, the gilt will be active, have reduced
appetite and search for the male. At the peak of sexual
receptivity, the female will arch her back, cock her ears,
‘stand’ rigid and wait for the male to mount and breed
her (Signoret, 1980c). Estrous behaviouw-, which lasts 40-70 h
(in the sow) can be induced artificially by Ez injection or

implant( Bignoret, 1967; Stephens and Challis, 1974).



Dvarian follicles grow under the influence af
follicle stimulating hormone (FSH) and when mature, ovulate
in response to a surge of luteinizing hormone (LH). Total
time Ffor ovulation averages 3.8 h which occurs Z8-42 h
after the onset of estrus (Hughes and Varley, 1980). The
number of eggs released at the puberal estrus by Landrace
gilts was found to be 11.3 by Squiers et al. (1952)
regardless of an animal ‘s age or weight. A corpus  luteum
(CLY forms at each ovulation point, and progesterone (Pa) is
synthesized and released in increasing amounts as the ClL's
develop. Estrous cycle length varies from 18-24 d but
averages 21 d. The first day of estrus is designated as Day
0. The puberal estrus is nearly always fertile with mating
occurring from the day before estrus to the third day of
estrus {(Burger, 19523 Hancock and Hovell ,1962). Conception
rates over B0AL are normal (Buwger, 1932; Brooks and Cole,
19733y Fay and Davies, 1973; MacFPherson et x1., 1977).

REPRODUCTIVE TRACT DEVELOPMENT: Development of the
reproductive tract appears to be age dependent. Tertiary
follicles first appear around 10 weeks of age (Casida, 1935;
Hadek and Getty, 1999; Kather and Smidt, 1974; (Oxender et
al., 1979). From 70-112 d of age, there is a rapid
increase in ovarian weight followed by & period of slower
steady growth until puberty. Between 126 and 168 d, Dyck
(1972) reported a change in follicle numbers greater than 3

mm, Ffrom two to a population of 12. The secretion of low

levels of Ez accompanies follicular growth.



The uterine wall increases in thickness and gland
development to 60 d (Schnurrbusch et al., 1980). Upon
completion of uterine gland development (70-84 d), the uterus
begins a period of elongation and further weight increases
until puberty (Dyck, 1972). Hadelk and Getty (1959)
postul ated that from three months onward, gonadotropins
begin to influence the growth of the uterus. Fallopian tube
maturation is complete by 112 d (Dyck, 1972). Between 12-24
weeks, the uterine glands begin secretion (Erices and
Schnurrbusch, 1979). The development of mucosal clefts and
folds accounts for further weight increases up to 168 d
(Hadek and Getty, 1959; BRal and Getty, 19703 Dyck, 1973).
The endometrium which was 126 p thick in the newborn
expands to SSEO'F within six months (Hadek and Getty, 1959).
Schnurrbusch et al, (1980) and Erices and Schnurrbusch(1979)
reported no fuwrther tract growth from 170 d until puberty
and hypothesized that this resulted Ffrom the lack of
appropriate stimulation.

At puberty, there is a twofold increase in uterine and
Fallopian tube weight (Shaw et al., 192703 Dyck, 19723

Schnurrbusch and Erices, 1979) which has been attributed to

the hormonal influence of Ez (Raeside, 1963). The first
cycles are characterized by more uterine growth and
stabilization of its function. Schnwrbusch and Erices

(197%) noted that the myometrium and endometrium continued
to thicken from cycle one to three and thus advised breeding

at the second estrus.

w



With pregnancy, additional changes can be expected in
the reproductive tract. Dhindsa et al. (1967) suggested a
pattern of development in the accommodation of fetuses by
the uterus: firstly, a preparatory stage (&6 to 15 d) after
conception with no increase in the weight or volume;
secondly, a stage of enlargement; and finally, a period of
stretching. Bilaterally ovariectomized (OVX) gilts had
shorter uteri than normal gilts which suggested that ovarian
hormone levels were likely responsible for differences in
uterine size.

FACTORS AFFECTING ONSET OF PUBERTY: The onset of puberty
is influenced by various internal and external factors which
can be either stimulatory or inhibitory in varying degrees.
These factors include age, weight, breed, season, social
environment, housing, stress, nutrition, and exogenous
hormones. Many of these variables can be manipulated by the
stockman.

Several studies involving breed comparisons have found
the Landrace to be one of the earliest maturing
breeds (Christenson and Young, 1978 Hutchens et al., 1982;
Allrich et al., 19835). Regardless of breed, heritability of
age at puberty is considered to be low so that genetic
selection for this trait is slow. Unless crossbreds were
desired instead of puwrebred animals, heterosis could not be
exploited in most cases (Reutzel and Sumption, 1968).
However, even within the breeds, maternal {Reutzel and

Sumption, 19268), Ffamily (Burger, 1952y and sire effects
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(Hughes and Cole, 1975%) have been reported. Burger (1932)
found a strong tendency for littermates to reach sexual
maturity within a brief span of time, S44 of sisters
attaining puberty within % d of each other.

Gilt age seems to be of equal importance to weight in
regard to when puberty is reached. Individual variation is
much greater than variation between breeds or in different
environments {(Brooks and Cole, 19773%).

If growth is delayed, puberty will be delavyed.
lL.evasseur (1977) felt this was a safety measure by the body
to prevent reproduction before a certain stage of body
development or metabolism was reached. Foxcroft (1980)
regarded the stage of growth as ‘permissive’, compatible
with but not the trigger for puberty.

Burger (1932) tested & group of sisters af the Large
White and Large Black breeds. Growth in one group was
limited to half that of the normally fed gilts in the
control group. Fuberty was delayed 46 d in the limit-fed
gilts. The oldest gilt in the ad libitum group was still
yvounger than the youngest animal in the retarded group.

Undernutrition delays sexual development. When starved
animals are allowed rehabilitation, growth of the rest of

the body restored sex organs to their proper proportions.

It is thought that undernutrition accentuates body
priorities, reproduction not being high priority.
L.uteinizing hormone is only produced in gsignificant

quantities when the animal approaches the size where puberty



normally occurs. Fossibly, the production of hormone or the
response to it, may be linked with the attainment of a
definite body size (Dickerson et &l., 19464). Likewise,
Ershoff (1952) in hig review of the effect of ‘malnuriture’
on the synthesis and secretion of pituitary hormones,
commented that when there was a weight loss aof 23-40%, the
formation and release of gonadotropins was depressed.
Ovarian hypofunction, typified by uterine atrophy and
anestrus, appeared to result from the absence or lowering of
circulating gonadotropins, not to a refractory state of the
ovaries. Upon injection of supplemental gonadotropin,
starved animals re—-established ovarian and uterine function.

Tassel (1967), in suwveying literature on the effects of
diet, Ffound the experiments difficult to evaluate in that
they were based on varying protein levels, caloric levels,
bireeds and seasons. He concluded that underfeeding causes a
marked delay in the age at first estrus. Studies by
Robet-tson et al. (1931), Haines et al. (1959, Brooks and Cole

(19773, 1974) and MacPherson et al. (1977) show that

In trial after trial, a significantly lower percentage
of gilts reached puberty from June to October than November
to May (Wiggins et al.,1950b; Scanlon and Erishnamurthy,
19743 Bane et al, 19763 Christenson, 1981). A combination
of photoperiod and temperature seems to be responsible. Yet
Hughes (1982), in his overview of photoperiod alone,

concedes that 17-18 h light should be sufficient for good



reproductive performance as most research isolating this
factor shows puberty to be advanced with increasing day
length.

A substantial number of gilts(2954 or more) close to the
age of natural puberty, when relocated and mixed with
strange animals, react physiplogically by coming into heat
in a few days (du Mesnil du Buisson and Signoret, 1962;
Signoret, 1970). The "transport’ or stress effect was later
found to be complementary to another stimulus - that of
introducing & boar to the gilt. When 165 d old gilts were
transported and a proportion of them exposed to a boar soon
after, the percentage of females in estrus increased from
S3%4 tao 714 (Bown et al., 1974). Similar results were
obtained by du Mesnil du Buisson and Signoret (1962),
Sheimann et al.(1976), Zimmerman et al. (1976}, Kinsey and
Zimmerman (1977). By boar exposure alone, gilts reached
puberty earlier than those not exposed to a male (Thompson
and Savage, 1978).

The optimum age for gilt receptivity to the boar appears
to be 160-1465 d (Brooks and Cole, 19703 Bourn et al., 1974;
Hughes and Cole, 19763 PBrooks and Smith, 1980)., S8ixty to
0% of gilts attained puberty in 7-10 d. In animals
stimulated at a yvounger age, estrus synchronization was
reduced and many had not reached puberty by 260 d. Brooks
and Cole (1973) considered that very young gilts introduced
to a male are not able to respond to this stimulus but

become conditioned to it thereby delaying puberty. However,



Hughes and Cole(i?74) and Kirkwood and Hughes(1979) felt‘
that continued physiological development leads to a growing
ability to respond to the boar even at young ages. Gilts
exposed to the boar later than 160 d showed no reduction in
the percentage of animals reaching puberty but the degree of
estrus synchronization decreased with advarncing age (Brooks
and Cole, 19703 George and England, 1974; Hughes and Cole,
19763 FKirkwood and Hughes, 19793 Brooks and Smith, 19803
Cronin, 1983). The effect of the male in hastening and
synchronizing puberty has also been reported in ewe lambs
(Dyrmundsson and Lees, 1972) and mice (Vandenbergh, 1973;
Bronson and Desjardins, 1974).

In regard to postpuberal effects, age of the gilt at
exposure has no effect on ovulation rate, percentage embryo
survival or the number of embryos at 20 d gestation (Hughes
and Cole, 1975; FKirkwood and Hughes, 1979; Faterson and
Lindsay, 19803 Eastham et al., 1984).

Although the extent to which exposure to the boar
stimulates onset of puberty in gilts is still being debated,
one Ffact is very clear - the mature odoriferous male is the
most potent stimulator {(Kirkwood and Hughes, 1981).
Oltaction is of utmost importance to the porcine female.
Signoret (1980b), in his remarks on the boar effect,
supposed that information from the environment aust be
processed at a fairly high level in the brain rather than
acting directly on neural mechanisms controlling anterior

pituitary secretion. He maintained that the female must be

10



in the appropriate physiological condition for her to
respond, thus making the success of boar stimulation highly
dependent on her body development and age. Boars were
ineffective as puberty stimulators when tried with anosmic
gilts (lacking sense of smell) (Kirkwood et al., 1981). A
pheromone produced by the male is the likely mediator. Such
pheromones are produced by preputial and submaxillary
salivary glands. Some doubt is cast on the preputial scent
gsince its use as "Boarmate’ did not alter age at puberty
fram that of a control group (Close et al., 1982). In
another experiment, Perry et al. (1972 +ound that boars
from which submaxillary salivary glands had bheen removed

were unable to elicit a full standing response in estrous

gilts. The important pheromone is likely one generated by
the salivary gland (Kirkwood and Hughes, 19803 Kirkwood et
al., 19813 . Fheromones are present in low amounts in  the

male until approximately one vyear of age(Booth, 1973).
Frepuberal males {(castrate or entire) seem to have no effect
on their female littermates when raised together (Kirkwood
and Hughes, 1981; Nathan and Cole, 1981) and the gilts
react as expected when exposed to a mature boar at 160 d
(Faterson and Lindsay, 1980). However, Paterson and Lindsay
(1981) have shown that the presence of a mature boar
enhances the maintenance of cyclicity in gilts induced by
exogenous hormones.

HORMONAL. INDUCTION OF PUBERTY: It has been known since

Casida’'s published report in 1935 that injections of

11



pituitary extracts could successfully induce estrus in
prepuberal gilts. Various agents have been tested for their
induction efficacy from the 1950s to the present day. These
include estrogens such as estradiol benzoate (ER) or ethinyl
estradiol (Hughes and Cole, 19783 Foxcroft et al., 1984),
gonadotropin releasing hormone (GnRH) (Baker et al., 1973
Baker and Downey, 19753 Guthrie, 1977 ), and 400 i.u.
(FMSG) with 200 i.u. (hCG) in a single injection (Schilling
and Cerne, 19723 Baker and Rajamahendran, 19733 Cerne and
Nikolié, 19763 Bielaéski, 19773 Foxcroft et al., 1984).

One of the most effective combinations has been PM&E
followed by hCE several days later (Dziuk and Gehlbach,
1966; Shaw et al., 1970; Baker and Rajamahendran, 1973;
Kather and Smidt, 1974). Under 36 d of age, the ovary is
insensitive to gonadotropin stimulation {(Guthrie, 1977).
However, by the ninth week of life, the ovaries will respond
to FMSG and ovulate by the twelfth week when hCG is also

given (kKather and Smidt, 1974; Oxender et al., 1979). The

responsiveness at this time is probably due to the
functioning of appropriate receptors for the hormones. The
majority of gilts over 100 d respond to this

preparation(Dziuk and Gehlbach, 19&6; Shaw et al., 1970).
Unfortunately, not all gilts continue to cycle regularly but
revert back to the prepuberal state(Dziuk and Gehlbach,
19646) .

The use of FMEG and hLGE in separate injections has often

been put Fforward as a practical means of inducing early

12



puberty (8chilling and Cerne, 19723 Baker and Downey, 19735;
Guthrie, 1977). In Wrathall 's review (1971), he cautioned
that FMSG is least dangerous in reasonable doses (up ta 80O
iele) with 500 i.u. hCB given 3-4 d later. Excessive doses
(including some products in doses at recommended levels)
cause superovulation.

There is a linear relationship between dose of FMSG and
aovulation rate(Baker and Coggins, 19683 FPhillippo, 19468). A
mean ovulation rate of 10.4 eggs was shown to be comparable
to a dose of 250-3500 i.u. PMSG. Above S00 1.u.,
superovul ation occurred. Monetheless, percentage of eggs
fertilized was not affected by the dosage used (Baker and
Coggins, 1968).

Effects of FMSG/hCGE are thought to mimic normal
physiologic events in the gilt. External estrous signs are
often present with most gilts ovulating and a high
percentage of their eggs being fertilized at artificial
ingemination (A.I.) (Dziuk and Gehlbach, 196&6). Blood Eax
levels rise S50-460 h after FMSG(Esbenshade et al., 1982) and
gilts already reflect these increasing levels by reddening
and swelling of the vulva within 48 h of injection (Dziuk
and Gehlbach, 19663 Baker and Coggins, 1968). After hCG or
LH surge, Ez production decreases and remains low while Fa
levels begin to rise after ovulation(Esbenshade et al.,
1982). Number of follicles and their pattern of maturation
are similar to that of untreated gilts (Baker and Coggins,

1268; Ainsworth et al., 1980). Egg development follows

13



previously reported patterns seen in the sow and steroid
production by follicles agrees with what has been reported
in females of other species (Daguet, 19783 Ainsworth et al.,
1980). A study by Esbenshade et al. (1982) concluded that
blood serum patterns of Ezx, LH and glucocorticoid were
similar whether or not the gilt was subjected to PMSG, boar
exposure or relocation and boar exposure. Gross changes in
the reproductive tract are the same as those observed
following spontaneous estrus (Shaw et al., 19703
Schnurrbusch at al., 19280). Gilts which were subjected to
FMEG/hCG  and subsequently reverted to the prepuberal state
did not show any ill effects +from the treatment. Such
animals underwent puberty later and conceived (Dziuk and
Gehlbach, 1946é6: Ellicott et al., 1973). McMenamin and King
(1974) injected gilts with FMS8G (1000 i.u.) and hCGE (8OO
i.w.) 72 h later at age 100 d, and again at 121 and 142 d.
At slaughter, no difference was found in the ratio of
endometrium to total uterus between the test and control
groups.

A major problem with hormonal induction is the failure
to maintain pregnancy when bred on the induced heat under
160 d of age (Dziuk and Gehlbach, 19663 Guthrie, 1977) or
175 d (Rampacek et al., 19763 Callaghan and King, 1978) or,
if not bred at induced estrus, their failure to continue
cycling (Dziuk and Gehlbach, 19&66). This failure has been
attributed to insufficient uterine development, and/or

insufficient steroidal or luteotrophic support (McMenamin
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and King, 1974). It has been shown that CL’'s of immature
gilts are more sensitive to luteolysis (Fuglisi et al.,
1979) . Researchers had a higher success rate when heavier,
older gilts, closer to the age and weight of natural
puberty, were used (Schilling and Cerne, 19723 Guthrie,
1977; George and England, 1974; Callaghan and King, 1978).

PREGNANCY AND ESTRONE SULPHATE: After ovulation and
fertilization, the ova take 24-48 h to traverse the oviduct
and reach the uterus in the 4-cell stage (Fomeroy, 1955).
On average the number of eqggs tends to be equal in the two
uterine horns resulting from migration of the eggs from one
horn to another before 11 d post-breeding{(Corner, 19213
Warwick, 19263 Burger, 19523 Dhindsa et al., 12&7).

At 10.5-11 d, while still a 10 mm sphere, estrogen
synthesis is initiated {Heap et al., 1978) . The
commencement of attachment of blastocyst (expanded egg) to
uterine wall {implantation) can be seen by 13 d, is well
advanced by 18 d and considered complete by 24 d (Crombie,
1970; Heap et al., 1975) . The estrogen of embryonic origin
is conjugated in the uterine wall and transported in the
maternal blood in sulphated form as estrone sulphate (E.S04)
(Heap et al., 1975).

In 1974, Robertson and King found the metabolite E,.804

in maternal blood and confirmed that it was of embryonic

origin. Estrogenic compounds had previously been detected
in urine of pregnant sows (Lunaas, 1973). Velle (1260)
reported the use of a single 100 ml urine sample collected



between Z24-32 d post-breeding for pregnancy diagnosis. At
that time the chemical processing was too complex and
expensive for field application.

Blood E.S0. levels are elevated in pregnant females
between 146 and 30 d of gestation (Robertson and King, 1974)
and peak between 27 and 29 d (Robertson et al., 1978; Horne
et al., 1983%3). A clasgification system was set up based on
serum levels (Hattersley et al., 1980; Saba and Hattersley,
19813 Cunningham et al., 1983): pregnant, »0.5 ng/mli non-
pregnant, <0.4 ng/ml; inconclusive, 0.4-0.5 ng/ml. Based on
this designation, with samples taken 25-30 d after mating,
accuracy was rated 98% for pregnant females, 100¥% for non-
pregnant with less than 14 being inconclusive. These
results were not affected by the collection day or breed of
pig {(Cunningham et al., 1983).

The level of Ei150q is influenced by day of gestation and
the numbers of live embryos. At 20, 22, 24, 26 and 30 d
E1804 increased with increasing litter size (Stoner et al.,

19815 Cunningham et al., 1983; Horne et al., 1982). When

litter sizes were grouped 1-6 and 9-164, significant
differences were found between 24 and 27 d. Small litters
of 1-5 were easily distinguished from those of B8-195
embryos (Horne et al., 1983). However, under field

conditions, E150a levels are not accurate in predicting
litter size for a particular sow since it is unlikely that a
single sample will be taken at the time when E .80, is at its

peak (Hattersley et al., 19803 Cunningham et al., 1983%).

16



In the pig, & litter loss of up to 40% of eggs ovulated
can be spected during the first trimester of pregnancy
(Wrathall, 1971). Approximately 954 of eggs are fertilized
(Squiers et al., 1952; Ferry and Rowlands, 1962) and by 25 d
of gestation, 304 of embryos will have been lost (Burger,
1952; Squiers et al., 1952; Ferry, 1984). Most of this loss
occurs during the period of implantation (Ferry and
Rowlands, 19623 Wrathall,1971). McFeely (1967) attributed
one third of early embryonic mortality to chromosome
abnormalities. Bishop (1964) considered that this was
nature’'s way to remove unfit genotypes, resulting from

spontaneous mutations, at a low biclogic cost.

From 25-40 d, embryo numbers are fuwrther reduced
by 5-7% (Gossett and Sorenson, 1959:; Perry and Rowlands,
19462). It has generally been accepted that embryo crowding

is not & Ffactor in prenatal mortality uwup to 35 d  of
pregnancy {Dziuk, 19683 Fenton et al., 1970; Webel and
Dziuk, 1974; knight et al., 1977). Because embryonic growth
is positively correlated with placental development, Eknight
et al. {(1977) suggested that placental insufficiency was the
primary cause of increased embryonic death and reduced
embryonic growth. Bazer (1973) postulated the availability
of an essential biochemical factor that limits litter size.
Another factor which becomes operative in certain
environments is temperature. Decreased conception rates,
reduced survival rates and & reduction in numbers of viable

embryos all occur when the dam is exposed to temperatures
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above 3I29C within 15 d of mating (Tompkins et al., 19673

Edwards et al., 1968; Omtvedt et al., 1971).

INTRODUCTION(EXFPERIMENT 1)

Many attempts have been made in the past to induce
puberty earlier with a variety of hormones. Valid comparison
of the results between published studies is hampered by the
large range of factors which affect age at puberty and were
not standardized or reported.

The response of gilts to hormonal treatment with
FMSG/hCGE was followed in three age/weight groups. These
groupings were selected on the hypothesis that the youngest
animals would be too immature to become puberal. The oldest
gilts, close to the age of spontaneous puberty, would be
expected to exhibit continued cyclicity, be able to maintain
pregnancy and have puberty hastened. The third group, being
intermediate, was expected to give varying outcomes to the
treatment. The occurrence of puberty was assessed by Fa
profiles and reproductive tract data. Maintenance of
pregnancy was evaluated wup to 34 d of gestation by
monitoring plasma Fa and E 504 levels and from post mortem
details. In order to minimize any effects they might have,
factors known to affect attainment of puberty were kept

constant throughout the duwration of the study.

MATERIALS_AND METHODS (EXPERIMENT 1)

ANIMALS: Forty—eight prepuberal Landrace gilts from the

Macdonald College herd were used. The gilts were selected at
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random within three age/weight groups (16 per group): Light
(L), Medium (M), Heavy (H) (Table 1). Animals were subjected
to a pen change and mixed with strange gilts. They
were penned at the Macdonald College Swine Unit in groups
of four animals similar for age and weight. Fens (3.7 X 2.0
m ) were concrete floored and bedded with wood shavings. The
same mature boar was present in an adjacent pen throughout
the study (Figwe 1). All gilts were supplied with a
commercially pelletted 16% crude protein ration and water ad
libitum. Gilts were maintained under a regime of 16 h light

and 8 h dark.

TABLE 1. ABE/WEIGHT GROUFINGS OF FREFUBERAL GILTS.

NO. OF GROUP WEIGHT AGE
GILTS (kg (d)
146 Light (L) 4555 up to 120
ié6 Medium (M) bH0-70 130-150
16 Heavy (H) 7585 160 and over

i Shite sasen Tvett s Svate Tabes SUHRY Seem Ssse Tnee Tk Shere Seens Sesnr S ures SHhee Sembe POLLL Seets Meess SHOPS Fradh Aeees Sesse S Hivms H4SVS SOSeS Sessh SHS SO TN mmese SH04% H0MAS Steas SEvER SHHSY SR Weln Feeos S Haked Seeme MMORD $ONS Lioas Sheme HHEFS S0M%0 Pemme e FHRSS Neawy Maems et ot
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FIGURE 1. FEN ARRANGEMENT FOR EXFERIMENT 1.

XX 0 XX
XX XX
XXXXXXXXXXX 0O 0 0 0O O o 0 o 0 0 0 XX
XX XX
XX 0 0 XX
XX XX
XX LIGHT 0 0 EBOAR XX
XX XX
XX 0 0 XX
XX XX
XX 0o 0 0 0 0o 0 0 0O o 0 0o 0 0 0 XX
XX XX
XX 0 0 XX
XX XX
XX MEDIUM 0 0 HEAVY XX
XX XX
XX 0 0 XX
XX XX
XXXXXXXXXXXXXXXXX XXX XXX XXXXXXXXKXXXXXXXXXXXXXX
XX XX
XX 0 0 XX

EXPERIMENTAL PROCEDURE: The experiment consisted of fouwr
replicates of 12 gilts each with trials beginning on October
1%, 1984; January 11, March 22 and May 31, 1985. Every
replicate involved fouw gilts From each of the three
treatment groups. With one exception (Group H, Replicate 3),
the use of littermates was avoided. The animals were treated
with an intramuscular injection of 750 i.u. PMSG (Equinex®;
Averst Laboratories, Montreal, F.0.) on the first day of the
experiment followed 72 h later by 500 i.u. hCG(APU@%Ayerst).
This treatment has been shown to induce ovulation over the
age range of animals used (Dziuk and Behlbach, 19663 Shaw et

al., 1970).

.
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A 10 ml blood sample was obtained by Jugular
venipuncture into a syringe containing 0.5 ml of bheparin
solution (200 i.u./ml saline)(Hepaleanﬁkorganon Canada Ltd.,
Toronto, Ont.) beginning between 10.00 and 11.00 h every

Monday, Wednesday and Friday throughout the duration of the

experiment{Table 2). The samples were held on ice and
centrifuged as =Yululyl as possible at 1000 X g for
10 min. The supernatant was split into two fractions and

stored separately at -209C until assayed.

All gilts were observed for signs of approaching estrus
and checked for estrus with the same boar. The following
scale was used to assess the proximity of estrus and estrus:
O— no outward physical or behaviowral signs
1~ some redness and swelling of the vulva
2- vulva red and swollen but failure to stand
I~ vulva red and swollen, standing estrus or other signs

such as riding or vaginal discharge.

Estrus checking was done in the morning and afternoon.
Gilts which rated 2 or 3 on the estrus scale were bred by
A.I. at the time of their sgecond estrus approximately 21 d
after the induced estrus) with at least 79 ol of fresh,
mixed, undiluted semen from two boars of proven fertility.
Each gilt was inseminated at least twice.

Animals were weighed weekly. After 6% d on the
experiment (approximately 34 d post-A.l.), all gilts were
slaughtered at a commercial abattoir and their reproductive

tracts were recovered and examined within & h. The uterus,



Sun. Mon. Tues. Wed. Thurs. Fri. Sat.
*FMSGE
WO Bl
do di
*hCE DO D1
B2 Wi B3 B4
d2 = d4 dS dé d7 di
BS W2 21 B7
d? die diil di2 di3 di4 dis -
D
E8 Wx B? B1O
dié di7 dig di9 d20 dai d22 -
D D D D D D
EBll W4 B12 BLE
d23_____ d24_ d2o d26 d27 dg _d29 -
E14 WS Bl1S Bl6
d30__ d31 di2 d:33 dz4 d33 d36 -
D
B17 Wé B18 BlQ
dz7 di8 d39 d40 d4al d4s d43
D D D D D D
B20 W7 B21 B22
d44 d45 _d46_____da7 d48 d4? dao
B23 wg B2 B25
dol dsz ds53 d54 d59 doé d57
B2& We s
dag d5? _d60 dél de2 dés

W —weigh in

* —injection

B —-blood sample taken

D —estrus checking and/or A.I.
d ~day of the experiment

5 ~slaughter

oviducts and ovaries were separated from the connective
tissue. The tract was severed through the middle of the
cervix and the total tract weight was recorded. Ovaries were

trimmed at the hilus and weighed separately. The number of

i
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CL's on each ovary were counted . Uterine horns were
measured from the body of the uterus to the tubo-uterine
junction taking care not to stretch the organ. The uterus
was sliced open longitudinally, embryos and/or reabsorbing
tissue located and their condition noted. Each embryo was
removed from its placental membranes and the wet weight
taken. Finally ,the weight of the tract minus uterine
contents and ovaries was recorded . Any apparent
abnormalities were also noted.

HORMONE ASSAYS: Flasma progesterone concentrations were
measured by the direct radioimmunoassay (RIA) procedure
described by Schanbacher (1979) with the following
modifications. Twenty pl aliquots of plasma were assayed in
duplicate.Progesterone anti-serum, traised in rabbits against
progesterone-1il (~hemisuccinate-HS8A (lot 147-A; Immunotech

Diagnostic, Montreal, F.0.), was used in an initial dilution

of 1:10,000 at a volume of 100 Fl' Anti-rabbit gamma
globulin was obtained from ovariectomized ewes. After
addition of cold phosphate buffer, vials were centrifuged
for 40 min at 1280 X g at 139C., Subsequent to aspiration

of the supernatant, 3 ml of scintillation fluid (Universolﬁ%
ICN Radiochemicals, Irvine, CA.) were added along with 200
Fl of double distilled water. Following capping, shaking
and overnight incubation, all samples were counted for S min
in a ligquid scintillation counter (Model LS-235; Beckman
Instruments Inc., Toronto, Ont.) using the internal standard

at 2% accuracy. Results are reported in ng 4-pregnen-3,20~



dione/ml plasma (Batch 1974; Steraloids Inc., Wilton, N.H.).
Standard curves covered the range of 10-1000 pg per tube.
Serum from charcoal stripped mature boar and barrow pools
was included in all assays for quality control. Intra-assay
coefficients of variation were between 2.1%4 and 8.1%4 while
the inter—assay coefficient of variation for eight assays
was 16.8%. The average lower limit of detection was 0.46
ng/ml.

The assay Ffor Ei150a4 as done at the Animal Research
Centre (A.R.C.), Ottawa under the supervision of Dr. L.
Ainsworth. Estrone sulphate determination followed the
method of Tsang (1%94&4) and the RIA proceduwre of Dorrington
and Armstrong (197%5). The estrone anti-serum used was raised
in ewes at A.R.L. and has characteristics which were
detailed by Robertson et al. (1985). This anti-serum was
diluted to 1:100,000 before addition to wvials. Unknowns
were assayed in duplicate and their values reported as ng/ml
plasma. The wminimum amount of E(804 detectable was 6.8
pg/tube. Standard curves covered the range of 5-640 pg/tube
{ estrone-3-sulphate ; Sigma Chemical Co., S5t. Louis , MO.).
Estradiol~17ﬁ cross—reaction with estrone antibody was
1.27%4. The mean recovery of Ei1S04 following extraction,
solvolysis and column chromatography was 61.8+2.89%. The
calculated mean of Ei.S504 after RIA of estrone and correction
for procedural losses was 0.977+.035 ng. Intra-assay
coefficients of variation were 1.6% for the high standard

and 4.5% for the low standard. Inter—assay coefficients of



variation were 9.6% and 5.3% for high and'low standards,
respectively.

STATISTICAL ANALYSIS: The nonparametric Kruskal-Wallis
test (Siegel ,1976) was used for one way analysis of variance
of variables measured. Fropartional data were analyzed by
the Chi~-square test. Correlation coefficients were used to
determine relationships between variables of interest.
Duncan ‘s New Multiple Range test (Steel and Torrie, 1960) was

used to test differences among means.

RESULTS (EXPERIMENT 1)

AGE AND WEIGHT AT PUBERTY: The occurrence of puberty was
established atter the fact by studying blood Fa
levels(Appendix Table 3). In gilts becoming puberal directly
after FMSG/hCG treatment, age at puberty was taken to be the
day of ovulation(40 h after hCG injection) (Baker and
Coggins, 1968). Age at puberty for gilts becoming puberal
spontanecusly, was assigned ;é;éd on the first FPa reading
over 3.0 ng/ml followed by increasing levels for a further
three collections. Only data on 46 gilts cogld be used in
the +final analysis. 0One gilt was eliminated due to the
absence of both ovaries(0OVX previously) and the second
because she failed to respond to the PMSG/hCG injections.

Reddening and swelling of the vulva(the most o©obvious
symptom of estrus)was present in all responding gilts (446/44)

within 72 h of FMSG treatment and in 45/46 animals at the

expected time of second estrus, although only 21/44 females
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actually ovulated at second estrus(Figures 2 and 3.
Standing estrus and/or riding were only observed in 11
instances during the +first two estrous cycles(evenly
distributed among the three Groups) Three of the very light
and young gilts attained puberty as a direct result of
induction with PMSG/hCG. Those animals had the following
ages and weights: 109 d, 33.6 kg 5 112 d , 49.1 kg and 114 d
,50.9 kg (Appendix Table 5). In total, 21 gilts became
cyclic subsequent to hormonal treatment (L,3/13;M,5/163
H,13/153). Sixty-two percent were puberal before 170 d and
954 by 200 d.

The difference in weight at puberty among the Groups was
not significant. Conversely, age at puberty was different
between L and H Groups (0.02:p<0.05) and between M and H
Groups (pa0.001) (Appendix Table 14). There was a marked
increase in puberty maintenance in H Group over L or M
Groups (p<0.001) {(Appendix Table 13).

By the end of the experiment, an additional five gilts
had achieved puberty(L,4/15; M,8/16; H,14/15) (Appendix Table
5. Collectively, of the Z6 gilts, B9U (23/26) experienced
puberty prior to 200 d, 38% before 170 d. The actual age
ranges of gilts at the end of the experiment were; L,148-183
dy M,191-214 d; H,224-273 d. Therefore, L gilts were still
below the average age when they would express puberty. 0Ff M
Group gilts, hal¥ had their puberal estrus before
slaughter, and the oldest prepuberal gilt was 200 d of age.

In the H Group, all but three gilts reached puberty before
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200 d (X+8EM, 173.1+6.8 d ). Fuberty was attained at 214 d
in one gilt but she was already 209 d of age when the
experiment began. She responded directly to the induction.

PROGESTERONE PROFILES: Frogesterone levels were used as
a measuwre of ovarian function and to assess the treatment
response  to PMSG/hCE injections. In total 46 gilts reacted
to the gonadotropins by ovulating, forming CL's and
increasing their Fa production. Neither gilt age nor weight
(Group) had any effect on the P4 output.

Progesterone increased steadily from undetectable or
near undetectable levels (Day -4 to Day 1 ) to peak between
Days 6—-17. Feak levels ranged from 7.5-46.0 rng/ml.
Thereafter levels dropped quickly (within 2 d ) to 3.0 ng/ml
or less by Days 17-20((Figure 4). The next cycle, when
experienced, showed increased Fa production beginning Days
6~8. Feak levels in the second cycle ( 8.5-26.0 ng/ml) were
rarely as high as at the induced cycle (Figures 4 and SR).
Most gqilts appeared to follow a Fa pattern consistent with
an average 21 d estrous cycle. Exact cycle length could not
be determined as sampling was not done dailvy. Some
individuals seemed to have a longer than average second
cycle; their Day 20 value(first cycle) was under 3.0 ng/ml,
vyet the Day 20 titre(second cycle) was above 10.0 ng/ml.

The area under the curve (AUC) of Fa release for the
first estrus was greater ( p<0.01 ) than AUC Ffor second
estrus  {(Appendix Table i4). No difference was found in FPa

profile at induced estrus between gilts that continued to



FIGURE 5. FROGBESTERONME FROFILES OF FREFPUBERAL GILTH  GIVEWM
o FMSG ON THE FIRST d (0O) OF THE EXFERIMENT, 6/ A
GILT WHICH REVERTED TO THE FREFUOBERAL STATE AFTER
TREATHENT (Z2/L.74) y B/ & GILT WHICH BECAFE CYOLTE
SUBSEGUENT TO TREATMEMT C2/H/72),  C/ A GILT  WHICH
REVERTED TO THE FREFUBERAL STATE AFTER  FMSG/HCE
TREATHENT AND  LATER  EXFERIEMCED SFOINTARNEOLIS
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cycle and those that reverted to the prepuberal state. In
spite of the fact that there was no difference in Fa AUC
between L, M and H Groups, there was a large individual
variation in Fa4 response within the same Group whose
development might be thought to be more uniform.

In gilts which continued to cycle, the first estrus Fa
response was highest in replicate 3 ( 0,024p<0.01 between
replicates 3 and 4 ) (Appendix Table 14). Replicate X gilts
{ regardless of Graoup) had greater Fa output at the
induced cycle than all other replicates(p<0.08). The
difference in CL numbers was greatest between the second and
and third replicate ( winter and spring ) (0.01<4p<0.001)
{(Appendix Table 14).

During the second cycle, Pa in pregnant gilts peaked at
Days 13~17 ( 14,.0-24.5 ng/ml ) and then dropped somewhat,
no gilt being below 7.0 ng/ml when the final samplings were
taken at 34 d of gestation (Appendix Table 3). There was a
definite relationship between Fa production and number of
ChL's present. This was apparent whether maximum Fa levels
or AUC of Fa were measured and compared to the CL numbers.
The correlations were r=0.76, p=0.,0071 and r=0.80, p=0.003
when using AUC of Fa and Fa maximum values, respectively.
(Fa AUC and Fa maxima were correlated;r=0.77, p=0.0055)
(Appendix Table 14&).

Gilts which reverted to the prepuberal state showed two
types of profiles during the remainder of the “periment.

The majority had Fa levels continuously just above or below



the limit of detection. A smaller group (five) experienced
true puberal estrus out of sequence from the gilts who had
responded with puberty as a direct result of FPMSG6/hCG
stimulation. In total, four different Fa profiles were seen
in this experiment ( Figures 5:A4,B,C,D).

THE REPRODUCTIVE TRACT: Physical differences in
prepuberal , puberal and pregnant tracts were very obvious on
gross examination. Frepuberal ovaries were smooth surfaced
to slightly undulating with many having small (<3 mm)
follicles within the ovarian cortex. The uterine horns were
thin, translucent and pale pink in colour.

Cyclic animals showed a progression of stages H
developing antral +follicles of various sizes, corpora
hemorrhagica and CL’'s. The uterus was bright pink with the
increased vascularization and the criss—cross of numerous
capillaries was easily seen. The uterine horn walls were
noticeably thicker . The entire tract appeared massive when
compared to the prepuberal tract. In pregnant uteri, the
positions of the embryos were readily located without
opening the uterus. The weight increase was considerable
over that of the non—pregnant tract principally due to the
large volume of fluid. Only one major abnormality was seen.
Gilt 3/M/1 had the condition uterus unicornis(missing
uterine horn) as well as the Fallopian tube on the same side
being absent. Her uterine weight was not used in
calculations.

Fuberty caused increases in ovarian weight(7&6%4), uterine

e
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horn length(84%), and uterine weight (218%),(pd0.001) (Table
3). Pregnancy resulted in a further increase only in
uterine weight(218%) up to 34 d gestation over gilts which
were open (non—-pregnant cyclic) (p<0.001) (Table 2.
Differences in horn length between pregnant and non-pregnant
tracts approached the 34 significance level. For prepuberal
gilts, horn length and uterine weight were positively
correl ated (r=0. 60, p=0.0049) ., Likewise, the SAME
relationship was found in non-pregnant cyclic gilts(r=0.52,
p=0.046%9) (Appendix Table 1&6).

The number of CL's in cycles 2 and 3 were not
different(12.4+1.% vs. 12.5+1.1) nor for pregnant as opposed
to non-pregnant females at second estrus (12.2+1.9 wvs.

12.1+2.1), nor among the three Groups.

TABLE 3. REPRODUCTIVE TRACT MEASUREMENTS(X+SEM) TAKEN AT
SLAUGHTER 34 D FOST-BREEDING.

sosot e 244re mate csoms Seoee Gened seren Soren Sosem SOOLA Seio4 ess BEERY Sisen Pevin Sonee U Shpes Saime S0anb beses 0408 Sercs Srmry SHben Sosss Shors SheS Seese dante sesss Soiee Liowe FRrme 4360 SHeSS Sonis Srbed @O SeeLe SHese Peees ORI SOUOE Aets S44e% Seecs SHRND SOOI Mty SPOSN SEPGE PINSE SoNer S0008 00D POORE SHOSE POSIY

Uterine
Ovarian Harn Uterine
n Weight (g) Length{cm) Weight (g)
FREFUEBERAL. 20 7.2+1.7= Gl+G= 168+84=+
CYCLIC(NDT 15 12.7+3.6% 74+18% 528+159%
FREGNANT)
FREGNANT ii 13.8+1.6" 106+15% 1682+443=
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Means within & column bearing a different superscript are
significantly different(p<0.001).
t n=19.



FREGNANCY : Based on estrous signs{red and swollen
vulva), it appeared that 45/46 gilts experienced second
estrus approximately 21 d after the induced estrus.
Subsequent plasma Fa levels indicated that only 21746 were
actually cycling and could potentially conceive(Figure 3).

At slaughter, 11/21 gilts{which were cyclic subsequent to
FMSG/hCE treatment) were pregnant (L,2/3; M,3/5; H,&/13).
There was no statistical difference in the number of gilts
pregnant between Groups. Live litter size ranged from 3-10
with H+8EM of 6.5+2.8. The T+5EM of H Group, and M, L Groups
combined were 7.7+2.7 and 5.2+2.5, respectively.

The assessment of living vérsus dead embryos was made
according to the system published earlier by King and
Young{(1957). Total 1litter loss was calculated by comparing
the number of live embryos to the number of CL's. The
resulting litter loss was 39.5% up to 34 d of pregnancy, 1é6%
of which could be accounted for by treabsorbing o+ dead
embryos. There was no litter loss in one gilt (CL number
equal to the number of embryos). Five gilts had dead or
degenerating embryos in their uteri. One gilt had a horn
containing only a single dead embryo. Dead embrvos varied
from amorphous masses or empty embryonic sacs to specimens
which had died recently. Location varied within the horns
and neither horn was more likely to contain embryonic
remains. Healthy live embryos were found beside dead ones.

Numbers of live embryos tended to be equal in the two

horns:four gilts had the same number of live embryos, three



differed by one embryo and three by two embryos. This was

despite the fact that the numbers of ovulations were unequal

in all pairs of ovaries.

At 34 d post—-insemination, the following
characteristics: were positively correl ated: uterine horn
length and the number of live embryos(r=0.61, p=0.0447):
embryonic live weight and live embryo numbers (r=0,42,
p=.0423); the number of live embryos and the number of

CL's{r=0.67, p=0.0229) (Appendix Table 1&).
ESTRONE SULPHATE: Feripheral plasma concentrations . of

=

E 1504 were 1004 accurate in confirming pregnancy based on
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samples taken between 20-29 d after breeding when the
reading was * 0.3 ng/ml.

The number of live embryos and Ei18504 were very strongly
correlated at 22-27 d(r>0.72, pd0.01){(Appendix Table 16).
Higher maximum E.504 values were recorded at 23-29 d of
gestation in large litters(9-10 embryos) versus small
litters(3~6 embryos) (0.01<p<0.001) (Appendix Table 14, Figure

&), Means for maximum E, S50, determinations were different

for H Group than M, or L Groups(p<0.03).

e o Soive soree oSies o e . Sl peves asete Sosse Sevse 4000 Shes Senen Saase 10008 S Sreve G4ROS MRS Sortn Sests

In the general domestic pig population, S04 of gilts
will attain puberty by 200 d of age(Brooks and Cole, 1973;
Hughes and Varley, 1980 . Herdsmen at this Swine
Unit (Hatcher and Wilson, personal communication) observed
that puberal estrus is not commonly seen prior to 20 kg body
weight (approximately 200 d of age). From the results of this
experiment FMSG/hC6 treatment appeared to hasten puberty (874
of H Group gilts became puberal subseguent to treatment at
173.1+6.8 d of age. The weight at puberty between Groups was
not statistically ditferent but age at puberty was
especially significant between ™M and H Groups indicating
that age is probably the more important factor. Similarly,
Robertson et al.(1931) and Hughes and Cole(i97&4) found more
variability at constant live weight than age when gilts were
exposed to external stimuli.

At induced estrus, few gilts showed any signs of riding



other females, being ridden or ‘standing’ to a back pressure
test (total of 11 instances). The same tendency was repeated
at the time of the second estrus. Wintield(1980) noted that
26% of gilts showed some deficiency of estrous behaviour at
first cycle. Also, there are individual differences 1in
freguency and intensity af sexual behaviour
patterns(Signoret,1980a). ‘S8tanding’ for the boar is much
more common in multiparous sows than gilts(Signoret, 1980c).
Another factor unique to the present experiment was that the
gilts expected to be caught and bled when the writer entered
their pen. This initiated avoidance behaviour and may have
lessened the likelihood of ‘showing’ for the boar
particularly in shy or fearful gilts. The classic estrous
symptoms of red and swollen vulva were apparent at Ffirst
estrus and at the time of expected second estrus.It appeared
that induction was successful as evidenced by outward signs.
However , in this experiment, these were not reliable
indicators of estrus except for the H Group. The vulval
reaction occurred whereas ovulation did not always follow.

A number of factors could bring about vulval reactions.
Andersson and Einarsson(1980) noted & synchronization of
maturity within pens of gilts. It was felt that pheromones,
which the female is considered to secrete during proestrus
and estrus, could affect the sexual function of others in
the same pen. Faterson{(1982) and Esbenshade et al. (1982
mentioned that vulval development was often observed in

young gilts when mixed and relocated. Secondly, the presence



of the boar has been shown to enhance gilt
cyclicity(Faterson and Lindsay, 19813 Huehn et al., 1978).
Thirdly, Dyck et al.{(1980) suggested that the E=z rise
associated with this false estrus was caused by an  abnormal
pattern of follicular development. Ovulatory control is more
complex and regulated by different factors. Reasons for lack
of ovulation include: maturational changes influencing
circulating Ez levels so that the threshold is not reached,
Ez= levels may not be present for a sufficient duration or
the gilt may not be at the correct physiological age for the
response to occuwr. Further, Esbenshade et al. (1?282) put
faorth the notion that the ability to initiate follicular
growth and the ability to respond to the higher E= levels
with ovulation, do not develop simultaneocusly.

Some very vyoung and light gilts became puberal after
FPMSG/hCGE  treatment but it is believed by the author that
this is the exception rather than the rule. These
individuals were physiologically mature sooner than average
and could respond to the stimuli when provided. The majority
of the gilts did not reach this maturational stage until
near the age and weight ranges of the H Group(:1&60 d age, 75
kg body weight). There was a sizeable increase in the number
of responders at that point which suggests a critical change
in maturity Jjust previous to this. The age 150-1&0
di(between M and H Groups) may be a ‘cross-over’ period in
the maturation process. This hypothesis is further supported

by two other research groups. Camous et al. (1985)
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recognized a series of four phases in sexual maturation
based on estrone levels. Fhase four, the highest level of
urinary estrone excretion, began around age 130 d and
signalled the beginning of a waiting period, the duration of
which is dependent on the age at puberty. Schnurrbusch and
Erices(197%) found that reproductive tract development
ceased after 160 d. They suggested that this cessation of
growth could be prevented i+ gilts were stimulated at 160 d
either by exogenous hormones, boar exposure, relocation or
mixing with strange gilts.

Tract dimensions are dependent on the sexual age of the
animal, nat its chronological age or weight. This is
consistent with the results of other experiments(Teige,
19573 Dziuk and Gehlbach, 19643 Shaw et al., 1970; Dyck,
19723y OGuthrie, 1977). A prepuberal gilt could be easily
distinguished by her tract, or measurements thereof, from a
puberal gilt regardless of whether she was from the L, M, or
H Group.

That puberty leads to great increases in reproductive
tract measurements agrees with previous reports in  the
literature(Dziuk and Gehlbach,1966; Shaw et al., 19703 Dyck,
12723 Huehn et al., 1978). The probable cause seems to be
endogenous hormonal stimalation. Various gradations of
hormonal influence are apparent in this study.

Frepuberal gilt ovaries continually produce low levels
of E=(Dyck, 1972) which influences growth of the

uterus (Hadek and Getty, 1959)., Gilts showed a positive
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correlation between uterine weight and uterine horn length
as noted previously by Shaw et al. (1970). In spite of the
fact that the gilts were FMEG/hCGE treated, the tracts in
animals failing to continue cycling reverted to the
prepuberal state. As in other investigations(Shaw et al.,
1970 McMenamin and King, 1974), the ability of the uterus
and ovaries to respond to endogenous signals later is not
hampered by the use of FPMSG/hCG. Some gilts became puberal
spontanecusly after reverting to the prepuberal state for a
short time.

The puberal gilt represents the next stage in the
progression. Now both E= and Fa are actively and cyclicly
secreted. These individuals exhibit a positive correlation
of uterine horn length with uterine weight as also reported
by Shaw et al. (1970). It appears to be the combination or
synergism of the two hormones(Ez and Fa) which results in
this uterine growth{(length and weight). Tract measurements
recorded for these puberal gilts are similar to those having
spontaneocus puberty(Shaw et al., 1970; Hughes and Cole,
1978).

The pregnant females represent an extension of this
hormonal influence. Stretching of the tissues, thickening
of uterine walls, increasing amounts of fluid and growing
embryos account for the additional uterine weight and horn
length in this experiment. This is borne out by the
correlation between live embryo numbers and uterine horn

length. The relationship between uterine horn length and
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uterine weight approaches significant levels at d 34 post-
breeding, a finding also reported by Ferry and
Rowl ands (1962).

Two animals(4/H/2, 4/M/3) , aged 239 and 198 d,
respectively, at slaughter, were more than one SEM above the
mean of the prepuberal gilts for ovarian weight, uterine
weight, and uterine horn length. Thus, they were considered
by the writer to be in the late prepuberal stage since
marked increases in all these variables are typical of
puberal gilts.

Dne gilt(3Z/M/1) had & genital abnormality, uterus
unicornis(missing uterine horn) as well as the Fallopian
tube on the same side being absent. Frevious literature
reveals that this condition has a prevalence up to 11.4% but
that fertility is not affected though half the normal litter
size is edpected (Warnick et al., 1949; Wiggins et al, 1930aj;
Nalbandov, 19523 Teige, 19573 Einarsson and Gustafsson,
12703 Bashforth et al., 19272). Thus, this individual was
expected to be as representative as the rest of her Group
regarding reaction to the experimental treatment.

Overall patterns of Fa release were similar to
statistics revealed by other authors for cyclic
gilts (Stabenfeldt et al., 1926%; Henricks et al., 1972;
Farvizi et al., 197463 Shille et al., 1979; Van de Wiel et
al., 1981). Pregnant gilts followed established patterns
including the 3I0-70% drop in circulating Fa after 20 d of

gestation(Tillson and Erb, 1967; Guthrie et al., 1972;



Shearer et al., 1972; Robertson and kKing, 1974). Hughes and
Varley (1980) remarked that Fa could be highly variable in
pattern and level (7.3-54.1 ng/ml at its peak Days 8-16)
without affecting normal cyclicity.

The basic Fa profile remained essentially the same from
cycle to cycle as has been reported by Andersson and
Einarsson(1980) and Karlbom et al. (1981/1982). Normally, the
number of ova liberated increase from the first to the fifth
cycle(Robertson et al., 1931; Warnick et al., 19513 Burger,
1932; George and England,1974; Andersson and Einarsson,
1980). There is a strong positive correlation between Fa
output and the number of CL’'s present(Brinkley and Young,
12703 Dziuk et al., 19723 Wettemann et al., 1974; Webel et
al., 1975; Faterson and Martin, 1981). Therefore, it would
be expected that the maximum amplitude of the Fa curve would
rise for each successive cycle plotted. Such was not the
case. At the second cycle, AUC of Fa did not surpass that of
the induced cycle and individually gilts rarely exceeded
maximum FPa values reached during the induced cycle. This
strongly suggests that the PMSGE preparation used stimulated
the gilts to the point of at least mild superovulation.
Ovulation rates at heats 2 and T were not statistically
different. Wettemann et al. (1974) took blood samples at the
27th d of pregnancy and killed the gilts the following day.
Frogesterone and CL numbers were found to be positively

correlated in that study just as they were in the present

research.



An effect of season on Pa levels was apparent during the
induced estrus in gilts which became cyclic, being
significantly higher in spring. Replicates were run such
that they closely followed the seasons: replicate 1 {0October
19~ December 21), Fall; replicate 2(January 11- March 15),
winter; replicate Z(March 22- May 24), spring;» replicate
4 (May 31— August 2O, summer. Feral pigs are seasonal
breeders and as such the domestic pig might be expected to
display characteristics reflecting that of its
ancestors (Signoret, 1980c) . It is difficult to find a reason
for this difference in Fa profiles since all the gilts were
in indoor confinement.The gilts had been raised from weaners
in the same barn. This barn has patterned glass windows at
regular intervals down both sides. Hence, one could
postulate that the natwal light augmented that from the
artificial sowces indoors and was perceived by the pig’'s
sensory organs with the resultant physiological response.
Fosxcroft (1980 also reported a seasonal effect but after
injection of constant doses of EB. The lowest number of
gilts experiencing puberty was in the summer. He proposed
that photoperiod had & direct effect on the activity of the
hypothalamic—anterior pituitary—ovarian axis.

Treatment with FMSG/hCE produced three kinds of gilts
based on Fa profiles and estrous symptoms(red and swollen
vitlva) at the time of second estrus 1/ estrous symptoms and
ovulation followed by cyclicity or pregnancy(21l/44&), 2/

estrus symptoms and no ovulation(24/44), 3%/ no estrus
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symptoms and no ovulation{(l/46). Faterson and Lindsay(1981),
Faterson and Martin(1981), and Esbenshade et al. (1982) also
obtained comparable results using boar and/or hormonal
stimulation. Paterson and Martin(1981) supposed that there
was not enough Ez present for an LH surge, not enough LH to
provoke ovulation or that the ovary was not sensitive to LH.
The appearance of the three types of gilts is probably due
to differences in maturity of the hypothalamic-anterior
pituitary-ovarian axis. Fuberty was hastened in ‘mature’
gilts, those sufficiently developed that treatment with
exogenous hormones triggered continued cyclicity, but failed
to do so in ‘immature’ gilts which reverted back to the
prepuberal state. Unfortunately, there seems to be no way to
predict the likelihood of puberty, as a result of PMBG/hCE
treatment from Fa profiles.

Full reproductive potential in the pig is rarely
achieved., Losses occur at conception, eqg, blastocyst and
embryo stages(Wrathall, 1971). The potential number of
offspring is considered to equal the number of CL's{(Hammond,
19213 Corner, 19233y King and Young, 19573 Perry and
Rowlands, 1962; Longenecker et al., 19468).

Conception rate among these experimental gilts was
poor {324) and far below the average of 80% or more. The
writer suspects that the stress of frequent blood sampling
lowered the conception rate as blood collections were three
times weekly throughout the duration of the experiment and

gilts were often sampled 1| h after insemination. Temperature



was not likely a factor as the mean daily maximum inside
the barn was 206.59C up to 21 d post-mating during the
summer, not high enough to affect conception rate according
to previous wperimental results{(Tompkins et al., 1967;
Edwards et al., 1268; Omtvedt et al., 1271).

The total litter loss of 29.3% falls within the range
reported in the literature{Wrathall, 1971). Reabsorbing or
dead embryos made up 16%4 of this loss. It is likely that
this embryonic loss occurred after d 14 since Dhindsa and
Dziuk(1968) demonstrated that after d 14 of gestation the
number of live embryos present had no effect on pregnancy
maintenance. The remaining 23.5% litter loss was likely due
to the lack of fertilization or embryonic death prior to 14d
of gestation as egg or blastocyst resorption would have
been complete by the time of slaughter. The fact that one
gilt had no litter loss at all is not uncommon. It is more
likely to happen than entire litter loss{Wrathall, 1971).

Using King and Young 's{(1957) classification system, it
was Fairly simple to assign live or dead status +for each
embrvyo. The bulk of embryos were normal and healthy
macroscopically and this included a number of embrvos which
were smaller than average but apparently healthy. A certain
percentage were degenerating or in the process ot
reabsorption. As in Warwick's study(19228), they were found
throughout the uterus, healthy beside dead specimens.
Hammond (1921) had recounted that the membranes could be

living while the embrvo had died some time before. This
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seemed to be the case when an embryonic sac was found
empty, others contained partially reabsorbed embryos and
some had small anemic individuals contained therein.
Burger (1952 and King and Young(l957) classified anemic
embryos as dead. Embryos dying after 17 d of growth should
have been identifiable by some remains and would be classed
as embryonic, not egqg loss(Burger, 12532). In one case the
remains were simply a brown slimy mass similar to what
Corner (1923 described. Dead embryos were of varying sizes
indicating that mortality took place at different ages.

A curious phenomenon was observed by this author and
others (Robertson et al., 19313 Sqguiers et al., 1952; kKing
and Young, 1957; Gossett and Sorenson, 1959). Some outwardly
healthy embryos were found in amniotic sacs containing
blood. These were assumed to be alive until the dam’'s death
and the blood due to trauma during the slaughter process.
The reproductive tracts 1in this experiment were not
recovered until after the scalding, dehairing and
evisceration processes were completed.

The number of embryos tended to be equalized horn to
horn yet the number of Cl's were very different side to side
in most gilts. According to the literature(Corner, 1921;
Warwick, 19263 Burger, 19523 Dhindsa et al., 1967),
migration of eggs must have taken place and these pigs were
guite normal in the extent of egg migration displavyed.
RUnlike Sanada’'s{1984) findings, embryos were concentrated in

the centre part(39%) and oviduct end(3I8%) of the uterus
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rather tham just the central portion.

Fork producers accept a first litter size of eight for
gilts (Hatcher and Wilson, personal communication). Groups L.
and M carried an average of 5.2 embryos and H Group, 7.7 on
average(litter sizes: 10, 10, 10, &6, 6, 4). Good size
litters can be carried by gilts and the chances are
increased if the females are of the age and weight of the H
Group.

This particular experiment displayed the accuracy of
using E, 50,4 to diagnose pregnancy. HBecause this metabolite
is produced by each embryo, their cumulative production
raises the E. 8504 levels. It was a good indicator of litter
size especially since multiple blood sampling was done
unlike field trials where only one sample would be collected
and not likely when E.S504s was maximal. Large litters of 9-10
were easy to identifyl(over 4.0 ng E.504/ml) on peak days. In
this experiment, PFa could also have been used for pregnancy
diagnosis. In comparison, other studies with high embryonic
mortality and the presence of cystic follicles in sows have
only been 604 accurate in this regard(Williamson et
al.,1980). However, unlike E.504, Fa will give no indication
of litter size as FPa production is independent of the number

of embryos{(Webel et al.,1973).
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SUMMARY (EXPERIMENT_1)
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i. There was no difference in response to a constant
dose of PMSG regardless of gilt age or weight(Group) for
the characteristics measured.

2. Plasma Fs levels were within normal ranges and
patterns in cyclic and pregnant gilts.

3. Puberty(cyclicity and/or pregnancy) was maintained
more reliably in H Group(p<Q.001),

4, Fuberty appeared to be hastened by FMSG/hCG
treatment as 874 of H Group gilts became puberal subsequent
to treatment at 173.1+6.8 d of age.

S. Vulval reactions at the time of second estrus were
associated with estrus for H Group.

6. The display of standing estrus was poor and
conception rate was low(32%).

7. AUC of Fa at the induced estrus was greater than AUC
at second estrus((p<0.01). This suggests that PFPMBG was
superovul atory.

B. There was a seasonal difference in Fa levels in gilts
which became cyclic subsequent to FMSG/hCG, replicate
S{spring) having the highest output at the induced
estrus (p<0.03) .,

7. The amount of Fq was positively correlated with CL

numbhers in cyclic(r=0.74, p=0.0071) and pregnant

gilts(r=0.75, pd0.007).
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10. There was no significant difference in ovulation
rate at second(12.4+1.9) and third estrus(i2.5+1.1).

11. Ovarian and uterine weight, and uterine horn length
were greater after puberty(p<0.001).

12. Estrone sulphate was 1004 accurate in determining
pregnancy 22-27 d post—-A.I..

1%3. Maximum E 804 levels were higher in large litters(9-
10 embi-yos) versus small litters(3-46 embryos) (0.01<p<0.001).,

i4. There was no difference in pregnancy rate among
Groups.

15. Total litter loss was 3I9.5%4 up to Z4 d of gestationg
23.9%4 as eggs or blastocysts( prior to 14 d > and 1&% as
embrvos{ atter 14 d ).

16. Uterine weight was greater in pregnant than non-

pregnant gilts at 4 d post-breeding(p<0.001).



EXPERIMENT 2
W33 I 33 3 96 2 3

LITERATURE REVIEW

NEURDENDOCRINE CONTROL MECHANISMS INVOLVED IN THE ONSET
OF PUBERTY: Reproduction in the female mammal is controlled
by several neural and endocrine components in intricate
communication with each other. Collectively, they are termed
the hypothalamic—anterior pituitary—-ovarian axis (H-AF-0
anis). These units are functionally integrated with
communication between them being mainly by chemical signals
in the form of hormones. The hormones can have a stimulatory
or inhibitory effect on each other or target organs. The
basic <functions of the H-AF-0 axis are as follows: the
hypothalamus{which is part of the central nervous system or
CNS) responds to the CNS signal by releasing GnRH in  the
appropriate amounts, the anterior pituitary which discharges
FSH and/or LH in the correct ratio when stimulated by GnRH
and the ovary whose specialized cells synthesize and release
Fa and/or Ez into the general blood circulation. In turn,
plasma steroid hormone concentrations have a modifying
effect on GnRH and FSH/LH release through regulation by a
network of positive and negative feedback particularly by
Ea(Hughes and Varley, 1980 ). Variations in steroid

levels are a result, not a cause, of gonadotropic

function patterns. (Figure 7).



There are currently two theories to explain  prepuberal
"restfaint o f gonadotroepic secrelilon clur i ne seual
dev&lopﬁent until pubserty, 17 intrinsic CHNES  inhibibtiorn (aes
steroid independent), 2/ the gonadostat theory(sex stecoid

dependent) . Levassew (1977) suggested that control of

FIGURE 7 . LEVELS OF ORGANIZATION IN THE HYFDTHALAMIC-
: ANTERIOR FITUITARY-OVARIAN AXIS.
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puberty might be under the influence of the CHMS5.  The CNS
perceives and monitors physical and chemical body changes
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the fetus is complete but is suddenly damped at or shortly
after birth. This damping process appears to be basic to the
evolution of the young mammal. The inhibition is completely
independent of sterocid control. In the late juvenile stage,
there is a gradual suppression of the newal inhibitory
mechanism which leads to the activation of gonadotropic
secretion. Gonadotropic levels rise with increases in
pulse amplitude and frequency. Finally, there is &
matuwration of the system regulating FSH and LH such that
secretion is coordinated for the two gonadotropins. The CNS
inhibition is accompanied by a change in steroid sensitivity
of the hypothalamic-anterior pituitary units.

The ‘Sexualzentrum’ was first postulated by Hohlweg and
Junkman in  1932. Low serum gonadotropin concentrations
characteristic of prepuberty result from hypersensitivity aof
the hypothalamic—anterior pituitary system to the negative
feedback action of small quantities af ovarian
steroids (Fonda et al.,1983). In 1963 Ramirez and McCann
reintroduced the same concept under the name of the
gonadostat theory. Fuberty will occuwr when the gonadostat
(which is very sensitive to negative steroid feedback)
gradually desensitizes allowing gonadotropic secretion to
increase. The threshold for negative feedback increases with
age while the sensitivity to inhibitory effects of seyx
steroids decreases. There is always some secretion of
gonadotropins but at a very low tonic level. The negative

feaedback loop is dependent on the development of En

4]
ol



receptors in the hypothalamus and pituitary which appear
midway through the prepuberal period. The level of
inhibition by a given dose of Ex varies with the maturation
of the female(Hughes and Varley, 1980). The parts of the H-
AF-0 axis mature at different rates.

Gonadotropins cannot be secreted unless GnRH is released
by the hypothalamus and the pituitary, which synthesizes and
stores the gonadotropins, is able to respond with a release
of FSH and LH. Pulsatile release of LH and FS5H is due to the
pulsatile release of GnRH. In pigs, the pituitary can
respond to GnRH at &0 d of age(Fouxcroft et al.,
1975 3 Pomerantz et al., 1975 ). Thus, puberty is not
prevented or delayed by the lack of release or synthesis of
GnRH nor by the ability of the pituitary to respond.
Spontaneous episodic release of LH is evident by the tenth
week of life(Foxcroft et al., 1975; Kanematsu et al., 1984)
with a frequency of 1.3 peaks/h. Follicles appear at 8-10
waeks and are then sensitive to gonadotropic
stimulation (Kather and Smidt, 1974:; Oxender et al., 1979).
At this time, the follicles begin the production of low
levels of Exz. This follicular appearance is entirely age
dependent. Early ovarian development is independent of the
pituitary(Colenbrander et al. 1982Zb).

The feedback effects of Ez have been studied by OVX and
administration of Ez, usually in the form of EB. In the
mature cyclic animal, OVX causes an increase in LH

release (Farvizi et al., 19763 Berardinelli et al., 1984).
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Doses of EB will suppress LH for & period of h, partly due
to suppression of GnRH at the hypothalamus(Cox and Britt,
1982a). In  the one week old miniature pig, OVX leaves LH
secretion unchanged (Elsaesser et al., 1978). Up to 80 d old,
OVX does not aftfect LH levels(Wise et al., 19813 Wise and
Zimmerman, 1982). At 120, 150, 180, 210 d old when OVX is
performed, increased LH levels result though peak frequency
before and after ovXx are similar in all age
groups (Berardinelli and Anderson, 1981). Fonda et al. (1983)
noted, however, that frequency and amplitude increase when
170 d gilts were OVX. When OVX gilts were implanted with Ex
at 120 d , both lowered frequency and amplitude decreased
mean LH. The same procedure at 150 d initially suppressed
only LH frequency and at 14 d(post-0VX-Ez) LH levels began
to rise. This delay suggests a change in sensitivity to
negative feedback(Berardinelli and Anderson, 1981). Gilts
OVX at birth show different responses. Between 80 and 135 d,
LH rises two times above its pre-80 d mean{Wise et al.,
1981; Wise and Zimmerman, 1982). Doses of ERB(20 ug/kg body
weight) were given at 7, 32, 56, 112, 140 d of age.
Luteinizing hormone was unchanged at 7 d, decreased at 32 d
and was suppressed at all other ages. Follicle stimulating
hormone was suppressed at all ages. Intact gilts showed
increased LH and FSH 2 d after EB challenge at 112 and 140 d
but OVX gilts show no positive response at any age. For the
same dosage of ERB, E= levels differed markedly with age.

Gilts aged 7, 32 and 56 d averaged 23.9 pg Ez/ml serum while
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112 d gilte had levels of 29.5 pg/ml and 140 d gilts 85.2
pg/ml. Wise and Zimmerman(1982) concluded that 1/ ovarian
inhibition of LH/FSH started between 112 and 140 d of age,
2/ neqgative feedback of FSH began prior to 7 d but LH not
until after 32 d , 3/ no positive feedback develops 1in
female pigs OVX at birth , 4/ there is a change in Exz
metabolism between 112 and 140 d.

Chronic estrogenic environments in the intact gilt lead
to depressed LH basal secretion and responses to exogenous
GnkH while pituitary responsiveness remains unchanged
(Foxcroft et al., 1973). éHAcute doses of EB give no LH
response at & d o0ld and the response is weak at 60
d(El saesser and Foxcroft, 1978; Elsaesser and Parvizi,
1979). Low (&0 /.xg) versus high doses (600 ).xg) of EB modified
the response pattern but LH only increased to 35.0-7.5 ng/ml.
In 160 d gilts, either dose produced a strong, well-defined
surge to near 13.0 ng/ml. 1t appears that positive feedback
maturation is gradual and may be mature prior to
puberty (Foxcroft, 19773 . Dial et al.(1984) found LH
amplitude to differ when gilts aged 100, 135, 175 and 190 d
were treated but time from injection to LH surge was
constant (530-54 h). Surges occurred at 06.00 o- 24,00 h in
3EZ/34 gilts. When ER dose was increased, multiple surges
appeared at 24 h intervals in 100, 135, 130 and 175 d old
gilts but only one surge at 70 or 190 d(Dial et al.,
1983,1984) . Using FMSG to raise Ea levels, Dial et al. (1984)

found that surges took 66-72 h to appear but LH amplitudes



were not different for the ages tested. Foxcroft (1977)
concluded from studies on suppression of episodic LH in
gilts 40-180 d of age that there was no characteristic
change in sensitivity to Ez duwring these stages of
development at physiological Ez levels.

Levels of hormones in the blood are determined by
secretion rate, interconversion from the precursor and
metabolic clearance rate(MCR). The metabolism of Ex changes
with age(Elsaesser and Foxcroft, 19783Elsaesser and Parvizi,
1979; Wise and Zimmerman, 1982). Elsaesser et al. {(1982)
calculated a higher MCR for Ez in 60 d gilts than those 160
d old. The rate of inactivation rose more slowly with age
than body weight and, therefore, blood volume. Constant
levels of Ez production, combined with & lower MCR, could
raise the steroid level and provide an effective ovarian Ea
feedback signal which would lead to the preovulatory LH
surge. It could be the lack of an avarian signal, rather
than the lack of capability by the rest of the H~AP-0 axis,
which prevents the onset of the puberal estrus.

Low E= levels during the prepuberal period suggest that
increasing E= titres are not necessary for positive Ez
feedback maturation in swine(Foxcroft, 1977). It seems that,
for puberty to occur, Ez levels must be raised over a
certain petriod of time and over a certain
threshold(El saesser, 1982). Frior to this, certain
conditions must be present: FSH-primed follicles must be

secreting enough E» to reach and maintain threshold levels
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in the blood, sufficient LH must be synthesized to produce a
surge and the hypothalamus must have adequate GnRH available
to respond with acute release(Reiter and Grumbach, 1982).

Trout et al. (19840) determined the pituitary
concentration of LH and the hypothalamic concentration of
GnRH in 210 d old gilts. Regardless of the gilt’'s reaction
to relocation and boar exposure, hormonal concentrations did
not change. Before puberty very little FSH and LH are
released into the circulation. Yet Parlow et al. (19&64) found
that F8H and LH concentrations in the pituitary were two to
fouwr times greater during this time than during estrous
cycles., Foxcroft(l977) concluded that the size of the
releasable pool of LH was likely constant and thus would
limit the maximum response provoked by endogenous ar
exogenous means. The number of receptors for E= in the
pituitary and hypothalamus were studied by Diekman and
Anderson{l982b). At age 120 and 165 d, no changes in their
number were found as puberty neared. When they treated 1350 d
gilts with PMSG/hCGE, the same conclusion was reached(Diekman
and Anderson, 1982a).

HORMONE PATTERNS: Several different patterns of
LH secretion are evident during maturation in the gilt:
1/ tonic or basal— always present and characteristic of the
physiological state of the animal (usually <1.0 ng LH/ml); it
is regulated by neqgative feedback
2/ pulses— which are small deviations(1.5~3.0 ng LH/ml) from

basal levels varying in frequency and amplitude



I/ surges— sudden threefold{or more) increases over basal
levels with durations much longer than a pulse.

Ovarian steroid levels are low throughout development.
Progesterone remains below 350 pg/ml blood until puberty. It
is not 1likely that Fa priming is necessary for puberty in
gilts (Esbenshade et al., 19823Andersson et al., 1983).
Likewise, E= levels remain low(<20 pg/ml) with a sharper
rise only within 10 d of estrus(Elsaesser and Foxcroft,
19783 Lutz et al.,1984). Urine is the primary route for
estrogen excretion in the pig and increases in its
excretion{as estrone) have been observed duwring the period
when antral follicles become active and FSH/LH activity is
the highest (Frunier et al., 1982; Camous et al.,
1983) . Around 123 d when gonadotropin levels decrease, there
is a substantial increase in the estrone excretion
rate(Camous et al., 198%5).

Follicle stimulating hormone secretion tends to be
greater and less variable than LH. It is maximal prior to 10
weeks of age(average 10 ng/ml) (Diekman et al., 19833 Camous
et al., 1985). The titre decreases steadily to near 7.0
ng/ml by 126 d(Frunier et al., 19823 Diekman et al., 1983)
and then follows a slower decline to about 3.0 ng/ml prior
to puberty(Prunier et al., 1982; Camous et al., 1985;
Grieger et al., 198&6). Ponzilius et al.(1984) found no
definite pattern until 5 d before estrus. When pulsatility
has been studied, pulses of FSH and LH were synchronous from

70 to 126 d which coincided with the time of maximum levels



for both these gonadotropins(Diekman et al., 1983).

During sexual maturation, LH is the most active hormone
not only in mean levels but in pulse activity. Mean levels
start high being 1.7 ng/ml at 40 d(Fleming and Dailey, 1982;
Kanematsu et al., 1984). After this LH falls below 1.0 ng/ml
(Karlbom et al., 1981/1982; Lutz et al., 1984). Once at this
low level, some researchers have reported a continuous
decreasing trend; 60 d, 0.38 ng/ml; 120 d, 0.16 ng/ml; 160
d, ©.13 ng/ml{Guthrie et al., 1984). Mean levels are a
reflection of the amplitude and particularly the frequency
(Felletier et al., 1981). Amplitude is constant and highest
at 54 to 125 d(approximately 4.0 ng/ml) (Kanematsu et al.,
1284) falling between 137 and 1926 d to near 2.0
ng/ml {Frunier et al., 1982; Grieger et al., 1986). Frequency
is highest at 8% to 126 d(2.0+1.6é peaks/é h) (Pelletier et
al., 1981; Frunier et al., 1982; Camous et al., 1985) with a
drop to 1.0+1.2 peaks/ 6 h by 140 to 1946 d{(Frunier et al.,
1982;: Andersson et al., 1983). Felletier et al. (1981) felt
this decrease was due to an increase in Ez or a change in
pituitary or hypothalamic sensitivity. Two other groups
reported no change in frequency from 120 to 210 d{Diekman et
al., 1983; Grieger et al., 1986). During some bleeding
windows, experimenters saw no pulses in some gilts{Kanematsu
et al., 19B4; Camous et al., 1985). 1t appears to be age
related. Camous et al. (1985 found 12.5%4 of qgilts aged 83~
125 d with no pulses in & h and this proportion increased

to 35% when gilts 137-1922 d of age were bled. A
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significantly greater proportion of episodic LH pulses were
found during the night in 160 d but not 60 d old gilts by
Elsaesser and Foxcroft(1978). There seems to be a link with
the light/dark cycle. During the late prepuberal period in
the human, the number of LH pulses increase and occur
synchronously with sleep(dark portion of photoperiod) (Boyar
et al., 1972). Involvement with the sleep-wake cycle implies
control by the CNS. Amplitude, frequency and means change
dramatically 3~12 d before estrus(FPelletier et al., 1981;
Lutz et al., 19843 Diekman and Trout, 1984). This is in
contrast to the mature cyclic female. Her basal LH is fairly
constant and peaks are supptressed in the follicular stage
(Van de Wiel et al.,1981). During the luteal phase pulses
rise to approximately 3.0 ng LH/ml from undetectable
levels(Farvizi et al., 1976; Van de Wiel et al., 1981).

GnRH AND ANTERIOR PITUITARY RESPONSIVENESS: Under normal
circumstances, every pulse of GnRH released by the
hypothalamus is followed by an LH increase in the blood due
to LH release by the pituitary. The importance of this
relationship was demonstrated when gilts were immunized
against GnRH(Esbenshade et al., 1984; Esbenshade and Britt,
1985). Reproductive function was impaired. Serum levels of
gonadotropins and steroids were reduced and gonadal
dysfunction resulted. All immunized gilts eventually became
acyclic and their ovaries were immature in appearance. There
was no response to GnRH injection and following OVX, LH

became undetectable(Esbenshade and Britt, 1985).
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Beginning with puberty, the cyclic gilt displays a
single preovulatory LH surge ranging in amplitude from 1.5-
2.6 ng/ml due to endogenous secretion{Wilfinger et al.,
19733 Van de Wiel et al., 19813 Esbenshade et al., 1982).
This surge has a duration of approximately 28 h from initial
rise until return to baseline{Wilfinger et al., 1973; Van de
Wiel et al., 1981; Karlbom et al., 1981/1982). The surge.
peak is most often reached between 24.00 h of Day © and
06.00 h of Day 1 of the estrous cycleWilfinger et al.,
19733 Van de Wiel et al., 1981). Cyclic females have the LH
sur-ge triggered by a sustained increase in Ez above a
threshold level (Van de Wiel et al., 1981).

Researchers have sought to test the H-AF-0 axis by using
exogenous GnRH and relating the subsequent LH release to
anterior pituitary responsiveness at various points
throughout the maturation process. The doses used have
varied widely, either kept constant or adjusted to body
weight. The response depends on the physiological state of
the animal. Fetuses immediately prior to parturition will
respond to GnRH with an average sized suwrge(approximately
4.0 ng LH/ml) (Colenbrander et al., 1982a). At the same time,
their dams will give a very low response(<3.0 ng LH/ml).
After birth and as lactation proceeds, the sow’'s response
becomes very fast and strong( 6.0 ng LH/ml) (Bevers et al.,
1981). A cyclic gilt in either the follicular or luteal
phase will give an average response(2,.0-4.0 ng LH/ml)

similar to a prepuberal female but less prolonged{(Vandalem



et al., 1979). Gilts with delayed puberty were given large
doses of GnRH{l1 mg) resulting in low to medium surges(l.45-
6.1 ng LH/ml) which peaked after 1-1.5 h and took
approximately & h to return to baseline(Edqgvist et al.,
1978).

Young weaners(l? kg) produced swges of 16.2 ng/ml in
response to 295 = of GnRH(Chakrabarty et al., 1973). Most
other prepuberal gilts in the literature(40-210 d age)
responded with surges in the normal range for LH(Foxcroft et
al., 1975; Feming and Dailey, 1982; Trout et al., 1984a;
Guthrie et al., 1984), S8ignificant rises in LH could be
observed within S or 10 min of injection(Chakraborty et 1.,
19733 Foxcroft et al., 1973; Fomerantz et al., 1973). A
linear relationship was found between GnRH dose and LH
response (Foxcroft et al. ,1975; Trout et al., 1984bh). There
was no difference found in the amount of LH released between
ages at a constant dose when a correction was made for
increased blood volume. Also, when area under the LH release
cur-ve (AUC) was considered at a specific dose, there was no
difference between gilts of various ages(Vandalem et al.,
1979; Guthrie et al., 1984; Trout et al., 1984a/b). Guthrie
et al. (1984) discovered that as the gilt ages, the time to
reach peak LH appears to increase. Interestingly, Trout et
al. (1984b) found gilts responding to boar exposure and
relocation with puberty to have a lower pituitary
responsiveness (4,.6+1.3 ng LH/ml) than gilts remaining

prepuberal (7.8+0.8 ng LH/ml). After the LH suwge, LH
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gradually returned to pre—-injection levels. Foucroft et
al. {1975) noted that LH pulse peaks were superimposed on the
downhill side of the surge. Fleming and Dailey(1982) noted
that these pulses appeared with decreasing frequency in
older animals(40 d, 2.1 peaks/3 h;y 80 d, 2.4 peaks/3 h; 120
d, 2.2 peaks/3 hy 160 d, 1.0 peaks/Z h)). Since LH release
is s0 much higher in younger gilts( ' hyper-responsive’), this

appears to amplify later LH release.

INTRODUCTION(EXPERIMENT 2)

From the results of Experiment 1 it was very clear that
there was a distinct difference in puberty maintenance
between the Groups of gilts, particularly between H Group
and ™M or L Group. The response of all the gilts to FMSG and
hCG indicated that the ovarian part of the H-AP-0 axis was
operational and that perhaps the block to puberty was at the
hypothalamus or the anterior pituitary. Since LH is the more
active gonadotropin and the one which triggers the first
ovulation, its concentration in the blood was of particular
interest i+ the anterior pituitary was to be evaluated. The
objectives of this second experiment were: 1/ to chart the
pulsatility of LH at three points in time during the
maturation process 2/ to test the responsiveness of the
anterior pituitary, as a measure of sexual maturation,
after the administration of exogenous GnRH. FPrepuberal

females were tested at ages 110, 140 and 170 d which were

the average ages of Groups L, M and H +from Experiment 1.

64



s ot satem OSe PO $59% 00908 KT AP AL Beeut e7eds seces AR SAGS DoTRE Seman Tonss SHi%e o Leves SH4GS SONS PUSle SUUS SHate e MY Sheus ebes VePs S4eee el dmsen Tvest

ANIMALS: Six prepuberal Landrace gilts, approximately
105 d of age, were randomly selected from the Macdonald
College herd. Gilts were transported to another barn away
from breeding stock and housed three animals per pen. Feed,
water and lighting were supplied as described previously
{(Expt.1, Materials and Methods ). No littermates were used
in this experiment. After catheterization, each animal was
penned separately and allowed unrestricted movement until
the catheter was removed.

EXFERIMENTAL PROCEDURE: Three blood collection dates
were scheduled at 29 or 30 d apart when the group of six
gilts reached ages of approximately 110, 140 and 170 d
(Bleeds A, B and C were carried out on June 18, July 18, and
August 1é6, 1983, respectively). To facilitate frequent blood
sampling, all gilts were surgically fitted with an
indwelling Jjugular catheter at least 2 d prior to the
blood collection dates. Catheters were checked daily +For
patency and filled with heparinized saline (1350 i.u./ml).

Beginning at 09.00 h, a fow ml blood sample was
removed via the catheter every 10 min for esight h. After
the 17.00 h sample was collected, synthetic GnRH (chloride
tform, Ratch 23 NIAMDD-NIH, Bethesda, MD.) was injected
intravenously 0.5 ‘pg/kg body weight in 1.0 ml of
physiological saline. The 10 min sampling regime

continued Ffor a further four hours until 21.00 h. To obtain



a sample, the heparinized saline along with some blood was
drawn into a syringe and discarded. Then the blood sample
was taken up into & heparinized syringe, and the
catheter was refilled with heparinized saline (25 i.u./ml)
and the stopper reinserted. Samples were refrigerated
overnight at 5°C, then centrifuged at 2800 X g for 10 min.
The plasma was decanted and stored at —-209C until assayed
for LH and FSH. Catheters were removed nonsurgically 2
d after the blood collection date and new ones reinserted
again prior to the next bleeding date.

Betore each of the three blood sampling dates, every
gilt was weighed in order to calculate the dose aof GnRH. In
addition, a weekly 10 ml blood sample was taken from all
gilts wvia the catheter or jugular venipuncture +or Fa
determination. These samples were handled as outlined
previously {(Expt.1l, Materials and Methods). Just prior to
being assayed, 100 .Fl aliquots were remaved from each of
the pre—-GnRH samples for each blood collection day (A, B and
C) to form pools which were used for FSH determinations. All
of the serial samples were quantified separately for LH.

Gilts were slaughtered at least three weeks after the
170 d blood collection to allow time For antibiotic
clearance from the tissues. Reproductive tracts were
collected and examined as described previously under Expt.i,
Materials and Methods.

SURGICAL CATHETERIZATION: The basic technigue used was

described by Ford and Mauwrer (1978). Differences in weights
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of animals and non-restraint housing necessitated some
changes in the procedure. Animals were sedated with 1.5-2.0
ml of Innovar®-vyet (Fitman-Moore, Scarborough, Ont.) and
given 1.0 ml atropine (1/30 g/ml atropine sulphate ; Vetcom
Inc., St. Liboire, F.0.) at the same time to reduce salivary
secretion. Each ml of Innovar®-Vet contains 0.628 mg
fentanyl citrate and 20 mg droperidol. After the sedation,
the gilt was placed under halothane inhalation
anaesthesia (Somnothan<® 3 Hoechst, Montreal , F.G. ) and
incision sites were disinfected. With the gilt on her side,
a 12 gauge needle (Delvdﬁ>2.80; CDMV Inc. s 5t. Hyacinthe,
F..) , with a 20 ml syringe attached, was used to
puncture the Jjugular vein. At 110 d of age, a 51 mm needle
was of sufficient length (gilt mean weight 47.4+2.8 kg). By
140 and 170 d of age, when mean weights were 66.7+8.2 and
90.4+5.9 kg, respectively, a 102 mm needle was reqguired.
The catheter (V/73; id 1.14 mm, od 1.63 mm; Bolab, Lake
Havasu City, AZ.) was threaded into the vein via the needle,
a distance of 12, 20 and 25 cm from the skin suwface at
Bleeds A, B and C, respectively.

A S0 cm long stainless steel probe with an 8 cm tapered
head was introduced into the incision and forced dorsally
under the skin to a point anterior to the scapula and Jjust
to the side of the cervical vertebrae. A2 cm incision was
made over the head of the probe. Next, the end of an A.I.
rod was placed over the exposed head of the probe(Figure

8A) .Both the probe and the A.I. rod were pushed back through
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the subcutaneous tissue until the A.I. rod was positioned
with both ends protruding — one ventrally, one dorsally.
The catheter was then threaded through the A.I. rod leaving
some slack remaining in the ventral neck incision,
afterwhich the A.I. rod was removed.

To prevent slippage out of the vein, the catheter was
anchored to the subcutaneous tissue in the ventral neck
incision by pufting a 2 cm section of large diameter vinyl
tubing (V/12; id 1.78 mm, od 2.79 mmi; FBolab) around the
catheter within the incision and securing the two pieces of
tubing together with glue (327 Cemenﬂ@%sond Adhesives Co.,
Jersey City, N.J.). Three stitches, one directly anterior,
one directly posterior and one central to the outer tubing,
were inserted as portrayed in Figure 8B and the remaining
slack in the catheter was pulled up through the dorsal
incision.

At the point of exteriorization, the catheter was
wrapped twice around the middle of a 2 cm length of PVC
tubing (id 12 mm, od 15 mm;y Canlab, Mt. Royal, F.8.) which
had been covered with 5.0 cm wide adhesive tape (Zonas
Forous Tapéa; Johnson & Johnson Ltd., Montreal, P.Q.) (Figure
8C). The catheter and tubing were secured to the skin with
three sutures . The length of exposed catheter was reduced
to 10 cm, stoppered and pushed inside the PVD tubing(Figure
8D).An adijustable cloth jacket (Figure 8E) was put on the
gilt to protect the catheter ,keep the wounds clean and

allow the animal unrestricted movement within her pen.
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Each gilt was injected with antibiotic (Liquamycin—Lﬁa; 100
mg oxytetracycline hydrochloride per ml, Rogar/STBE Inc.,
Montreal ,F.8.) after surgery (6.6 ml1/100 kg body weight).

HORMONE ASSAYS: Frogesterone assays were carried out as
discussed previously ( Expt.1l, Materials and Methods).

Concentrations of LH were determined by radioimmuncassay
according to the method of Niswender et al. (1969). Intra-
assay coefficients of variation ranged from 3.04 to 10.2%
for Ffour assays while the inter-assay coefficient of
variation was 3.%9%4. The assay had a sensitivity of 0.03 or
0.1 ng/ml (954 of B/RBag). Anti-ovine LH serum (GDM  #15)
was used at a dilution of 1:75,000. Two hundred pl aliquots
of unknown sera were assayed in duplicate and the
concentration expressed as ng LH(LER-778-4) per ml.

The assay for FSH was done at the Reproductive
Endocrinolgy Laboratory, Macdonald College, under the
supervision of Dr. L.M. Sanford. The procedure of Fonzilius
et al.{1984) was followed. The pooled serum samples were
assayed at 100 and 200 Fl volumes in triplicate and the
concentrations reported in ng FSHNIH-FSH-F2) per ml.
Furified rat FSH (NIH-FSH-1-5) was labelled for this assay

and anti-human FSH serum (GF-202-B4) was used at a dilution

of 1:8,000. Assay sensitivity was 270 ng/ml. This assay
gives hormone readings approximately 80 to 100 times
higher than homologous FSH assays reported in the

literature. Intra and inter-—assay coefficients of variation

were 8.2%4 and 2.6%, respectively.
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STATISTICAL ANALYSIS: For the purpose of this
experiment, LH characteristics measuwred were defined as
follows:

mean— arithmetic mean calculated Ffrom 49 separate
samples/pig before GnRH injection on each bleed day

pulse—- when any values was one §SD or greater above the
mean (Diekman et al., 1983: Lutz et al., 1984)

pulse duration— first rise above the mean until the mean
was reached again

pulse amplitude— mean total height of all the identified
pulses during the pre-GnRH period

pulse frequency— number of pulses identified during the
8 h prior to GnRH

surge- a sudden increase (more than threefold) in the
mean LH level which was sustained longer than 1 h
following GnRH injection

surge height- maximum total LH concentration observed
during the surge

Aheight~ surge height minus the LH mean

AUC~ area under the GnRH induced LH release curve above
the LH mean line

MTM— min to return to mean LH levels following GnRH

injection

Analysis of variance was done with GLM(General Linear
Model) proceduwre of Statistical 6Analysis Systems (5A8)

(Helwig and Council,1979). Differences among treatment means



were tested by Duncan’s New Multiple Range test (Steel and
Torrie,1960). Correlation coefficients were used to evaluate

interrelationships of interest.

RESULTS(EXPERIMENT_2)

HORMONE PATTERNS: Based on Fa concentrations(low or
undetectable), all gilts were prepuberal until after 170 d
of age. Gilts 1 and 3 had attained puberty by slaughter at
ages 22085 and 192 d, respectively, as assessed by Fa
determinations and the appearance of the reproductive tract.
The other gilts were still prepuberal at ages 182, 189 and
199 d. Gilt 6 died after surgery at 140 d and was confirmed

to be prepuberal from FPa and post mortem findings (Appendix

Table 19).

TABLE 4. FRE-GnRH GONADOTROFIN MEASUREMENTS (X+SEM) .

110 d 140 d 170 d
n=s n=5 n=5
FSH-Mean 573+ 155 B5O3+1THe HB8+152=
(ng/ml)
LH~-Mean P 434, 20 P 35+. 135 58+ 11.
(ng/ml)
Frequency 2.2+1.6~ l.6+1.1e 1.6+.05=
(pul ses/8h)
Amplitude 2,441, 1= 1.3+.47= 1.7+.68=
(ng/ml)
Means within a row bearing a different superscript  are

signicantly different (pd{0,05).
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Mean FSH levels throughout this study were not
significantly different among sampling dates(Table 4).
Frequency, amplitude and mean LH values were highest at 110
d but the differences between collection dates were not
significant +for any of these measurements(Figure 9, Table
4). Mean and Frequency of LH before GnRH were positively
correlated (r=0.83146, p=0.0001) (Appendix Table 1é6). Fulse
duration averaged 20-Z0 min.

ANTERIOR PITUITARY RESPONSIVENESS: After GnRH injection,
LH levels increased above the mean within ten min in all
cases. Surge height was achieved by 20 min in 11/16(&69%4) of
collection periods and by all gilts within 50 min. Increases
up to and decreases from surge height were faster at 110 d
than at other ages. Feak levels appeared to be sustained

longer at ages 140 d and 170 d{(Figure 10). The LH release

TABLE 5. FOST-BnRH LH MEASUREMENTS (X+SEM) .

e chtus setun p00a4 4omee Sares Soeen Srend Rese SIeNS S4IRO SH4LS Sebbn Sosse esbe geres mpete Seseb Seess Se08s 4SS SRS S4ERR SHESE FOSS4 ISR Abbes SV PR Smemd Some b Heare S4akF SSORF SOMHD MRS SHOSH 4RVRO SEVS SoSRS TRt FHase SeiSH Tefws Shses SS4M8 SN HESS SH4S0 SSIED SHASS THOSH S HRHA memme Mosie seeae sevee sbiE)

110 d 140 d 170 d
b =5 n=5
Surge Height 12.1+5.8~ 7obtl. 7= ?.3+3.5=
{ng/ml)
AHeight 11.6+5. 9=~ 7.3+1.8~ 8.9+3.5
{ng/ml)

AUC(arbitrary 4968+19182 4773+1443* 4923+1868-
units)

MTM{(min to 152+46.29 210437.4= 174+43, 4%v
return to
baseline)

S0 etage BB4Re GHurs Sonus POSis 4ot Taver SRere S904R G00ut SHIMF Adatn 60 Fet00 SHARS Gares SOOSL Smisd sRese Suese Sends SHest AASGL bebce Sheme ereet SSNNF SOONE FeseE S AR Peaah Seess VeRes 4SS M4ERE Srite bt made v Shvse Seawe GrSHS Shiey iy Mbes seses Bebed v e S SPIND SeLes RAee SeRSH SH94d St SRESS Teest

Means within a row bearing a different superscript are
significantly different (p<0.035),
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: FIGURE 9. LUTEINIZING HORMONE CONCEMTRATIONS FOR 8 h AT 110
Q o . : d{O—o0), 140 d(e——e ) AND 170 d(&-—A).
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was highest at 110 d in terms of surge height and Aheight.
Neither of these measurements were significantly different
among any of the three ages tested. Likewise, AUC were
similar. The only LH characteristic which changed
significantly was MTM((=0.04) (Table 5). Many of the surges
had episodic pulses superimposed on their downhill
side(average 1.5 ng LH/ml amplitude) but these never

appeared until 2 h post-GnRH.

DISCUSSION(EXFERIMENT 2)

As expected, Fa levels stayed low throughout the study
and this small sampling of pigs seemed to follow the general
Landrace population Ffor age at puberty (average 200 d).
Levels of FSH remained relatively constant. This experiment
did not display the decrease in F5H seen by other
authors (Prunier et al., 19813 Camous et al., 198533 Grieger
et al., 1986).
| Lack of significant differences between collection dates
for the various characteristics measured suggest that
‘maturational changes’ from 110-170 d, when they occur, are
very subtle. This study, as well as others (Pelletier et
al., 1981; Frunier et al., 19823 Andersson et al., 1983;
Grieger et al., 1986) do reveal a trend in decreasing LH
mean, frequency and amplitude from 110 d onward. There is
general agreement that LH means are below 1.0 ng/ml

throughout the prepuberal period. Camous et al. (19835

reported a difference in percent of samples 1.0 ng LH/ml  or
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more. No such pattern was found in this experiment at that
level or at 0.5 ng/ml among the ages tested. The correlation
between LH mean and frequency seems to indicate that
frequency has more effect in establishing mean levels than
does amplitude. This concurs with the observation of
Felletier et al. (1981). The animals in Experiment 2 were too
far from natural puberty(:14 d) to see any of the striking
pulse changes observed within one week of estrus(Diekman and
Trout, 1984). A recent report by Diekman et al.(1986)
indicates that the sampling frequency of 10 min used in the
present experiment was sufficient to evaluate accurately the
LH characteristics studied with the exception of pulse
height. They recommended sampling at 2 min intervals as
maximum LH concentrations were maintained for only 2-4 min
befaore decreasing.

The LH surge mechanism necessary for ovulation seems to
be intact before the onset of puberty. As in other studies,
GnRH injection caused LH titres to increase very rapidly,
rising above the LH mean within ten min(Chakraborty et al.,
19733 Foucroft et al.,1975; FPomerantz et al., 1278). There
is a large range in the individual response to the same dose
at the same chronological age which has also been noted by
other researchers(Foxcroft et al., 1975; Bevers et al.,
1981), possibly due +to inherent variation or different
physiological ages. Gilts produced surges which were in the
upper physiological range (7.0 ng LH/ml).0Other studies using

higher doses have given smaller responses(Foxcroft et al.,
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1975;: Edqvist et al., 1978; Trout et al., 198B4b). It is not
known what dose, if any, gives a ‘normal’ physiological
response. Dosage in the present experiment was based on the
minimum shown to produce a 4.0-8B.0 ng LH/ml surge and was
given according to body weight to take into account varvying
body size at the three ages tested.

The anterior pituitary appears to be the most responsive
at 110 d. The surge at 110 d was steeper than at other ages,
probably because surge height was greatest at this
age(Figure 9). Also, response was not lessened when an LH
pulse occurred just before GnRH injection(Figure 10). Farlow
et al.(1944) showed that during the prepuberal period,
anterior pituiary LH concentration was two to four times
greater than during the estrous cycle. They concluded that
most of the gonadotropins must be stored with little
released into the circulation. This certainly would account
for the ability of the pituitary to releage such large
gquantities of LH during the surge. Vandalem et al.((1979)
found no difference in response to exogenous GnRH  during
prepuberal development. Trout et al. (1984a) reported that LH
release was not significantly affected by age(l05-125 d),
vet their 105 d old gilts(in confinement as in this study)
produced the highest LH response to exogenous GnRH. Age had
a very significant effect on LH release in the investigation
done by Fleming and Dailey(1982). Magnitude of LH release
decreased from 40-160 d of age. Trout et al. (1984b) found

that, during the very late prepuberal period, gilts which
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did not respond to puberty induction had a higher pituitary
responsiveness +to GnRH than those which did respond. They
could not attribute this observation to changing Ez serum
levels, pituitary LH or hypothalamic GnRH concentrations.
Episodic pul ses were superimposed on the surges
(Figure 11),visibly prolonging the time for LH to reach mean
levels. They were not present in all gilts at all ages. The
reappearance of episodic pulses and the fact that other LH
characteristics showed no significant differences among
ages, makes the importance of MTM questionable. Faxcroft et
al. (1975) found these episodic pulses 60 min after G6GnRH
injection but their appearance showed no relation to dose or
time after surge. In the present trial, no pulses were seen
for the first two h by which time LH levels were below 2.0
ng/ml. Sampling was not done often enough to detect pulses
in two other studies (Vandalem et al.,197%; Guthrie et al.,
1984). In the earlier work, levels dropped below 2.0 ng/ml
between 2 to 2 h after GnRH. Guthrie et al. (1984) observed
that LH levels +took longer to fall to 2.0 ng/ml in 160

versus 120 d old gilts.



SUMMARY (EXPERIMENT _2)
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i. Mean plasma FSH levels did not differ significantly
aover the age range studied.

2. Luteinizing hormone levels and patterns were within
normal ranges reported in the literature.

Z. Mean LH concentration, frequency and amplitude of LH
pulses and magnitude of GnRH-induced LH swge were non-
significantly higher at 110 than 140 or 170 d.

4. The anterior pituitary is capable of responding to a
GnRH stimulus resulting in & surge resembling & preovulatory

Oone.
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GENERAL DISCUSSIUN
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Results of Experiment 1 indicate that puberty can be
reliably induced in H Group gilts{(x»160 d age, 375 kg body
waight) by treatment with PMSG/hCG. Furthermore, these gilts
can be bred at second estrus and produce acceptable litter
size up to 34 d of gestation(halt of these gilts were
carrying ten embrvos).

FProducers have long had a reluctance to mate gilts early
for fear of affecting later performance. Research over the
last decade has shown that these suppositions are
groundless. Brooks and Smith(1980) mated two groups of gilts
at second estrus, one of which was induced into early
puberty by boar exposure. At the end of five parities there
was no difference in: the number of piglets, the piglets
were just as viable, the gilts were as good at feeding and
rearing their young, the same number of gilts on test
finished the experiment as did control gilts, weight
differences disappeared by the end of the second pregnancy,
feed efficiency was increased(6.2% less food consumed/unit
weaner live weight over five litters) and the test gilts
consumed 159+38 kg less feed than the control gilts.

Az a result of the present work, no Ffirm evidence
emetr-rged as to what is happening to the giltsg in the 160 d
age range. No overt changes were evident in characteristics

measured in Experiment 2, and no Fa profile differences



between ‘mature’ and ‘immature’ gilts were apparent in
Experiment 1 at the induced estrous cycle. It was impossible
to predict which gilts would respond to the PMSEG/hCG
treatment with puberty.

The ovary is capable of reacting to hormonal stimuli
with Ez production and ovulation. Likewise, the anterior
pituitary responds to GnRH with LH surges that mimic the
preovul atory surge. Thus , it would seem that final
maturation before puberty takes place in the hypothalamus.
Cox and PBritt(i982b) pulsed GnRH into lactating anestrous
sows and succeeded in provoking estrus and ovulation. In
1985, Carpenter and Anderson, and Lutz et al. used similar
technigues to oabtain estrus and ovulation in prepuberal
gilts. Frequency and dose of GnRH infusion were found to be
important factors in deciding the proportion of gilts which
responded to the treatments. Researchers achieved precocious
ovulation, as in Experiment 1, but not precocious puberty.
The pituitary and the ovaries were found to be competent and
researchers concluded that final maturation must take place
at the hypothalamic level. In a similar fashion, Reiter and
Grumbach (1982) concluded that both experimental and clinical
studies support the hypothesis that the CNS, not the
pituitary or the ovary, restrains the activation of the rest
of the H-AP-0 axis in prepuberal children. This restraint is
apparently mediated through the suppression on GnRH

synthesis and its pulsatile secretion.
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CONCLUSIONS AND AGRICULTURAL IMPLICATIONS
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Fuberty induction has the potential to increase
reproductive and economic efficiency by: reducing the length
of the unproductive period, hastening puberty, allowing
garly breeding, reducing the genesration interval, and
increasing the number of piglets/sow/year. When used as a
management tool, FMSG/hCE could provide the producer with
alternatives when: sufficient boar power is unavailable,
facilities are inadequate to allow relocation and/or bear
exposure, there is not enough manpower and because of its
ease of application. Ovulation occurs at a predicted time
atter hCE injection allowing synchronization of gilts for
A.I. use or batch farrowing. Both drugs are available
through a veterinarian at an economical cost{(total for both
injections approximately $6.00 Cdn.).

Future research should be centred on gilts approdimately
160 d of age since the majority respond to hormonal
stimulation at this time. It would be very useful to do an
experimental comparison of PMBG/hCGE stimulation versus boar
exposure versus the combination of the two stimuli. The use
of PMB8G/hCGE might also prove to be effective in  overcoming
the seasonal influence on reproductive function.

Fulsatility studies on prepuberal gilts are hampered by
the inability to predict when puberty will occuwr in  the

absence of stimuli. One way to overcome this problem is the
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use of littermates which have been shown to reach puberty
within a few days of each other when raised together. They
are much more likely to be the same physiological age than a
random selection of gilts.

Froper maturity of the entire H-AP-0 axis, stimuli and
receptivity must all be in place before puberty can occur.
From the present research, it appears that though gilts can
respond to induction stimuli at very vyoung ages, the
majority will only attain full sexual function reliably when
stimulated near 160 d of age. It would appear that animals
stimul ated younger than 160 d give less satisfactory results
to PMBG/hCE stimuiation(poor maintenance of ocyclicity).
However, waiting +for natwal puberty around 200 d of age
without wusing the stimulatory techniques available to any
producer, seems a waste of good opportunity and poor

eCOnNOmMics.
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APPENDIX TABLE 1.

EXPERIMENT 1 TIMETABLE.

REFL.ICATE
1
2
4

STARTING DATE

Qot. 192, 1984
Jam. 11, 1985
Mar. 22, 1985
May E1, 1985

SLAUGHTER DATE

Dec.
Mar .
May

Aug.

1984

1995

1985

1985
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APFENDIX TABLE 2. GILT AGE AND WEIGHT DATA ON d ¢ OF
EXPERIMENT 1.

GILT GROUF REFLICATE BIRTHDATE ABE(d)y WEIGHT (kg)
i L. 1 June 28, 1984 113 H52.7
2 . 1 dJune 27, 1984 114 49,1
3 L. 1 July 4, 1984 107 51.3
4 fow 1 July 9, 1984 102 S2.7
1 ™ 1 June #, 1984 133 64,7
2 M 1 June b, 1984 135 H2.5
3 | 1 June 7, 1984 1%4 &5, 2
4 M 1 May 22, 1984 150 67,0
1 H 1 May 10, 1984 162 82.1
2 H 1 May 10, 1984 162 7747
) H 1 May ., 1984 169 78. 6
4 H 1 Mar. 24, 1984 209 8G.4
i L. 2 Oct. 10, 1984 A 46,4
3 I 2 Oct. 3, 1984 100 49. 4
4 L. 2 Sept.19, 1984 il4 =G, 0
1 M 2 Sept. &, 1984 127 58.0
2 M 2 Sept. 5, 1984 128 58.9
3 M 2 Aug. 28, 1984 136 &58.9
4 M 2 Aug. 2%, 1984 141 b4 3
1 H @ July 11, 1984 184 75,9
2 H 2 July 18, 1984 177 7905
E H 2 July 11, 1984 184 7.5
4 H 2 July 20, 1984 175 7.8
1 L 3 Mov. 2%, 1984 119 531
2 L 5 Nav. 26, 1984 1ié 51.8
3 L. E Dec, 7, 1984 105 44. 4
4 L. 3 Dec. 5, 1984 107 52,2
1 M = Oct. 31, 1984 142 &HE. 4
2 M = Mov. 11, 1984 131 68.8
3 M A Oct. 23, 1984 150 64,73
4 M 3 Nov., 8, 1984 134 &4, 3
1= H i Oct. 13, 1984 1&0 82.1
2 H 3 Oct. 10, 1984 1673 76.8
3 H = Oct. 11, 1984 162 7i.4
G H 3 Dot. 13, 1984 160 BE.0
1 L. 4 Mar. 8, 1985 84 1.8
2 L. 4 Feb. 23, 1985 98 G500
5] L. 4 Feb. Zy 19835 107 45.5
4 L. 4 Feb. 4, 1985 1lé& 47. %
i M 4 Jan. 7, 1985 144 65,2
2 M 4 Jan. 16, 1985 135 65,2
3 M 4 Jan. 19, 1985 1232 59.8
4 M 4 Jan. 64, 1985 145 679
1 H 4 Dec. 19, 1984 163 8%.0
2 H 4 Dec. 132, 1984 170 75.0
4 H 4 Dec. 15, 1984 167 75,0

“ {ittermates.
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APPENDIX TABLE 3. SERUM PROGESTERONE LEVELS (ng/ml) OF
GILTS IN EXPERIMENT 1.

GILT (REPLICATE 1, GROUF LD

44434 Cet1A e LURRA Maaet Sh0ek mmrn st AR e Tenre WAAR vee SAARL SHAS Soaee s SL4M WekS AR AL Baaks PSS SRS LAeke TeAae HARA SIS SARL Woiah Sagee e Fheee

BLLEED DAY OF CYCLE" i 2 I 4

Suthe Gardb $300s Susus sesee dmaes 4PVD besms Bebes Sabie ows 90000 s Seias ceens dpeR Sases st Shice Seven AN HHRWD bemtn is Sebes NeSs mse Feped RS SuARE 0050 AVNS Setss SHEre P SAAEK Sm4se FSI4P CAILS SALHS Soise Savad Feits Shbee A SH4t8 HHOSH Sussd HRMD PHOTS Saben benke smses 1008 SOVRS ity nibmn SHVHD Hass Shime sesne

1 -4 - - - 1.0

2 . 4 . 4 - " 7S
3 1 . 16,0 1.5 Lol
4 3 b.0 E0.5 16.5 16.0
5 b 135.75 EOLTS 20,0 16.75
é a8 18.25 28.75 25.5 18.0
7 10 24.0 36.5 26.5 21.5
8 13 23,0 31.5 28.0 2.0
9 15 5.5 725 25.0 19.0
10 17 - - 14.0 1.75
i1 20 - - - -
iz i - - - -
13 x - - 1.5 -
14 & - - - 4.5
15 8 - - 5.0 il1.0
16 10 - - 5.5 15.5
17 A - - 10.75 16.5
18 i5 - - 15.25 24.5
19 17 - - 19.75 23.5
20 20 - - 13.5 20.75
21 1 - - 16.5 146.0
22 z - - 20.0 14.0
25 & - - 15,0 20,0
24 g - - 18.0 23.5
25 0 - - 16.0 15,0

12.5 18,25

B i 0 SAkk s s ben i TS e afD GMr e o S S G S P Sl G et SR S RS SHU4S bt S M S SRV A S008I S LS Ak e St Soven St

* Based on an estrous cycle length of 21 d where D O
ig the first d of estrus.

* Below the limit of detection for this assay.
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TABLE 3 (cont’d).

GILT (REFLICATE 1, GROUF M

BLEED paY OF CYCLE 1 2 3 4

Setae dboss i Saets 41084 Sors denon FH40S Sabos Sumes S1LHS Sebns HLodS remie QAIMS GHbre S9LIS SOOmS cerhn OGS Feres S43S0 Shews barsy SOeSd Seiod $M0S FYSSE SHer Sebee Piers SHeSe Sies S SAmte Mok Sbrep Piare HHS deter beree sbede Suess Shima Logkd S oneh Seves SHAIS Siant arele Shers eRH fhere Sasth Peeve soben savde Serer

~4 .8 - .4 -

-1 .55 - - -
1 2.0 .2 2.0 1.25
3 12.0 b 12,25 10.5

b 24.5 4.5 2.0 29.5
8 23.3 7.5 19.0 20,0

S 1 NI I A S

10 21.5 5.55 225 20,0
13 21.0 O ”7.ku 29.5
15 18.25 725 21. 2E.0

10 17 1.3 4,75 22.25 17.0
11 20 - - 1.4 -

2 1 - - - -
15 3 - - 1.0 15
14 & - .0 - 4.4
15 3 - 4.75 - b 25
14 10 ] 2.5 . 4 2.0

17 13 .4 10.0 - 15,28

& ‘ 18 15 - 7.5 - 18.25
19 17 - b5 - 16,25

20 20 - - - 14,75
21 1 - - - 12,0
ad = .S - - 1.0
23 & - 1.5 . & 13,5
24 g - S5.75 - 15,0
25 10 75 « 4 12,25
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TABLE 3 (cont’'d).

GILT (REFLICATE 1, GROUF H)

Day OF CYCLE 1 2 = 4

e Sone?

BLEED

00t vose Thten dhome seess Sesim vt Sende Shess Sekor Shwer Shsvs SOOHS LOV0s kS Sebis DASeR OGS Soeme bieme seerd RAGS Seamd GabSA Seebe Same SSTe HeSs HOHS suvks pesss as4sé Fened SOANE Seet BISH IS SHHSH Srebe Soest ASous LSS Kot bons BASKS BTG ScpOS e Seter SHeFe boded SISS ebie Shers Sasks Seper BHeRS Sured Somen

DM NN

2.0

_..4 — —
-1 o5 - - -
1 1.3 . 2.75 4,25
3 2.5 17.0 10.25 12.59
b 10.5 Z2.0 19.0 17.5
g 135.0 27.0 19.0 17.5

10 22.0 19.0
3 16.25 E7.0 16.0 25.0
15 16.5 29.25 12.0 29.5

10 17 5.0 b 25 6.5 .75
11 20 - - 1.0 -

2 1 - - 1.5 -
13 3 2.0 1.75 - 5.5
i4 & 11.5 2.3 6. 25 8.9
15 8 12,0 .0 775 12.5
16 10 15.75 1E.75 .25 8.0
17 13 20,75 10.0 12.5
i8 13 1625 17.759 21.0 153.5
19 17 21.75 8.25 15.0
20 20 12.0 20,75 12.0 14,35
21 1 16.5 14,0 2.259 16.5
22 3 19.25 20,0 - 7.25
23 & 18.0 15.5 1.0 17.0
24 g 14.0 20,25 1.0 7.0
25 10 20,0 16.0 1.0
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TABLE 3 (cont d).

GILT (REFLICATE 2, GROUF L)

BLEED paYy OF CYOLE i 3 4

“wses B0e S2ed smees S0nen Sonss rure Sines Wome Suben TARS Smieh Seeke besa RAIO Bobem d4res SHARS Seble Sarsh FEOed inems SR BeShs fogne binem Sosts Faoft Sbvmr 4044D 49406 PLARY Eaean ShmS Fe44 Sies NS SAAEL AAIRS SAHAL Srebh VISR SHS AT BAeve it SIS ek Seerd BAYE Shesk G BenSh smbie P4 bl seebe settn B

1 -4 - - -

2 - 2.0 3,25
- “r
3 - - .25

R

Rt R

-1
1
3 2.5 16.5
& 23,0 F.0 22.5
8

= whale w v
é 21.0 3.0 10.5
7 16 19.5 1.5 19.0
& 13 22,3 18.5 22.5
? 15 b.75 14.3 17.5
10 17 2.25 1.0 -

11 20 F.25 - -

1.75 - -
2.5 - -

L. 25 - -

—
Y

ER e B R
i
t
i

H

oy
41]
R I
~i
i
i
i

o . - g

20 o 2.5 2.5 -
X — — —
2

3 - -

e ol .

P

e
0O i =

i

i

H
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TABLE 3 (cont’'d).

GILT (REFPLICATE 2, GROUP M)

BLEED DAY OF CYCLE 1 2 3 4

S0 4reoe 181k Riaks S444D aren Susse susbe Debin benbe Patms 4lose WiSsh TGS Feass Gines Selel Dewte YLird S00es 10Be SHINS SAASR Kbdes Seerd Seben oioe S0ret meNos Jofme HHMAR PSS 084 PO Fites FRibD H4RM SORbS TRRY Lintn Shime mASSP eSS Sobie Shimn st} PAHeS Mok fnred peves SSteS Shees emes have 4440 Bhtes Sbanh seren WOH

1 -4 - 1.0 - -

2 -1 - 2.0 - 1.25
3 1 - G5 - 275

4 a 5.0 .5 1.25 19.0Q
9 b 5.0 2.5 2025 I0.G

& a8 2275 ?.59 .0 25.0

7 10 7.0 17.5 7.0 38.5

& 13 &L 5 F.5 12.5 35.5
4 15 7.0 8.45 8.0 3.9
10 17 7.0 .o 11.0 28.5
11 20 - - - -

2 i - - - 1.235
13 = - - - 1.25
14 = - - 2l 2.0
15 8 - - - b 20

L& 10 - - 5.73 7.0
i

18 15 - - - 21.0
139 17 - - 2.0 15.5

20 20 - - 1.0 15.5
21 1 - - 2.0 19.0
22 3 - 1.5 1.5

23 ) - 1.0 - 13,5
2 g - 1.0 - 15.75

25 10 1.75
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TABLE 3 (cont’'d).

GILT (REFPLICATE 2, GROUF H)

BLEED pay 0OF CYCLE 1 2 It 4

o 4 - — — —
o -1 8,0 - - —

] B

i 8.75 - 1,29 2.25
3 14.73 .5 1525 18.0
b6 18.75 16.0 17.58 31.8

18.75 29.0 26.0 F0.8

MmN O
m

10 21.0 25.5 17.5 4.5

13 1.8 2205 23.75 T0.5

15 - 18.0 24.0 17.5
1a 17 - 1.3 20,9 -
11 20 1.25 - - -

i 1 b0 - - 1.0
13 E 2.0 1.0 - 1.0
14 b 10.75 .9 1.0 -
15 8 192.0 11.5 25 -
16 10 18.5 F.23 1.25 1.3
17 = 24.8 17.0 Lo -
18 15 16.53 15.0 75 -

19 17 15,0 5,5 12,25 -
20 20 15,0 - 135,25 1.0
21 1 11.0 - - -
ey = 11.5 - - -
2 b 15,0 7.0 - 1.75
2 g 14,55 8,75 TS 1.0
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TABLE 3 (cont’'d).

BLEED

00N O W0 B R e

=t et
-~
-

12
i
i4
15
ié&
17
14
19
20

A
o

T
et

At )

g
-y
alad

ey

DAy OF CYCOLE

4
-1

10

GILT

1

1 3 2
SRR
£

b s
o=
L LA LR

18.

1

(REFLICATE 3,

R
o

1.25
1!5
5.0
1.0
8.5

153,78

15.5

1
1

-y
2.5

S
E025

.75

1.0
14,0
26.5
24,0
275
Z0.0
28.0
12.5

T e
DR

&5

8.5
18.8
21.0
19,5

5.7%

1.6
7.5

e
AN

F0.5

GROUF L)

4

1.25

2.0
a3
25.5
F9.5
42.5
42,0
45,5
BGL.0
E29.5
PR
2.0

1.23

1.0

W 25
2.25
1.5
1.5



TABLE 3 (cont’'d).

GILT (REPFPLICATE 3, GROUF M)

BLEED DaY OF CYCLE 1 2 z 4

1 i E.0 .2 125 1.0

2 -1 2,23 1.0 - 1.25
= 25 - 1.73 2.0
14.8 2425 8.235 2.0

F7.0 10.0 10,25 28.0
29.0 25.0 10.0 9.3
7 1 41.5 35,5 11.258 18.5
& = FE.G 25.0 15,25 23,0
? 15 7.5 S0, 0 16.5 SO0
10 17 1.0 19.75 11.3 18.0
11 20 2.0 14.5 1.0 2.5

i
90 0 -

alw sad
12 1 -~ 2.0 - 2.73
13 3 939 - - 1,35

i4 b . FE - - 1.25

15 8 - 2.1 - 2.75
16 10 - 1.8 - 1.75
17 = - 1.5 - 1.5

18 15 - - - 1.3

19 i7 1.75 - - 1.25
20 20 1.25 1.0 - 1.25
=] ! - - - 1.0
e r

s W2 - 1.0 - 1.75%
23 & - 1.G - 1.0
24 g - - - 1.0

25 10 - - - 1.0

117



TABLE 3 (cont’'d).

GILT (REPLICATE =, GROUF H)

eree S20m raens maact Bonse sudes 4500 LS SRHS Se Seibh PovEe SHSLs $OSEE SRS Sred b Sarek dethe Aome depar SRS dommt siobe Seveh gotde et Wabu ssbt Boeve peeme Sores sooie

BLEED pDay OF CYCLE 1 2 a5 4

1 - 4 . . . o
2 ~1 3.5 - - -
=

1 1.0 1.73 2.28 a0
4 I 4.0 F1.0 15,0 11.25
o b 16.5 H0.0 19.9 2640
b g FELG Eq0 20.5 22.0
7 10 31.3 46.0 29.0 F.0
8 13 31.35 44,0 27.5 39.0
9 15 20,0 FHG 22.0 21,

Allal.w

10 17 25,0 16.5 27,5 ::.u
é:; 11 20 7. 25 - 2,0 1,05
12 - - 1.5 -
13 - - 2.0 -
14 L0 IS 4,75

S
15 .5 B3.75 Q.Mu
4,75 11.5 10,7

14.5 13.75 14.5

N D O G e T

Py
[£4]
[ B N

8.9 12.25 14,0 5.0
19 4.0 14,5 19.0 14.5
20 0 .25 - 13,28 83.75
21 1 1.325 - 1.75 15,25
22 ! 5.0 - 1.25 ‘Hf:.q
25 & - B T7E 2.0 11.5
24 =] - 11.5 10,75 9.9
25 10 - 1500
26 173 12,0

0
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TABLE 3 {(cont’d).

GILT (REFLICATE 4, GROUF L)

ELEED DAY OF CYODLE 1 2 5 a

i -4 1.0 . E 1.25

]
~ -1 -
o L o .
3 1 - 2.0 2.5 F.28

-

-

4 3 7.5 12.0 1d.0
5 15.0 21.5 18.5
6 a8 13.53 17.5 23.5 230
7 10 18.0 16.0 29.0 16.0
g 13 14.75 14.75 20,9 23,5
?

10

L1

7
& D

T

15 10.3 .0 15,25 2E2.0

ic 17 355 - 17.3 14.0
20 - - - F.25

12 1 - - 2.0 2.0
= A - - 1.0 3025
14 & - 2.0 3.75

15 8 - 1.25 1.0 2.5

16 10 1.0 - 1.0 F.0
17 13 1.0 1.9 - -

i8 15 1.25 - - 1.25
19 17 e 1.25 1.0 1.25
20 20D - . 1.25 2LTH
z i 1.5 1.0 - 2.5
232 3 - - 1.25 e
25 & - - -

2 g - - - 2.0

25 10 - 1.0
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TABLE 3 {(cont’'d).

GILT (REFLICATE 4, GROUF M)

BLEED bay OF CYCLE i 2 = 4

0054 art dmbe A3en Shd SAAS $4504 S04SR ABMER TS T4 USS Wk 1ASS S04 Sored S4B PR Bhine YOS SRS 5400 Hebse Gedns Sniim bimes Cesse $esS SRree Smeve SAMSE biede sesey s beee 4ge SNPRY SHPRL Fouth S0084 bebie mbeeh WSO Teba S4meR Seded Fobts SRR bedse bimee SSems Shaee POOAY hend dment Ganpd Sents Shets smeie

1 - LTS - - -
2 -1 1.25 - - L35
3 1 2,75 - L35 L35
4 3 16.5 b0 L5 7.5
5 b 20 20,5 9.5 18,0
b 8 27,0 16.0 5.0 20,5
7 16 42,0 8.75 13.0 16.5
8 13 44,5 17.0 13.5 15,5
9 15 12,0 17.0 15,5 15,0

Q:; 10 17 6,25 17.0 1,05 LR
11 20 o, 05 5 - -
2 1 3,75 1.25 - 35
13 = L0 2.75 - -5
14 b - 2.0 7.0 9.5
15 8 1.5 5.0 2,5 18,5

1é 10 - 2.5 11.75 24.5
17 13 - - 16.75 16.5
18 15 - - 1.8 14.8

19 17 - o 25 20,5 5.0

20 20 - 1.1 20,0 - 35
21 1 - 1.25 13,0 o 55
22 = - 11.75 14.5 3258
23 b - 11.75 Z2.75 11.25
24 =] E.0 11.75 16,3 15.25
25 10 1.5 11.75 17.3 10,25
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TABLE 3 {(cont 'd).

GILT (REFLICATE 4, GROUF H)

BLEED LAY OF CYCLE 1 2 4

1 ~ 4 ] .25 - 4
e ~1 1.5 ] .9
3 1 2.0 - 1.0

4 I 2.0 4.25 2.0
5 & 220 11.0 12.5
& =] 15.75 12.5 14.5
7 10 24,0 13,5 20.0
8 13 24.0 17.0 25.0
9

135 192.0 12.5 28.5

O

10 17 11.25 11.0 2E.0
il 20 1.25 1.0 E.73
12 i - 1.0 -
13 3 o 55 Bt 1.0
14 ) b. G W - 25
15 15 8.5 S0 R
16 10 5.5 4,0 S5

17 ) b 25 725 7
18 15 12.0 8.5 10.5
19 17 14,0 15,0 L4.5
20 20 11.0 7.5 260

21 1 12.0 2.75 16.5
22 = 11.25 o PG
23 & 7.0 1.0 1.0
24 2] 11.3 S TG =&



APPENDIX TABLE 4. PROGESTERONE OQUTPUT OF GILTS AT FIRST
AND SECOND ESTROUS CYCLE IN EXPERIMENT 1.

EROGESTERONE®

GILT GROUP REFLICATE FIRST ESTRUS SECOND ESTRUS

i L. 1 1059

2 I 1 2094

3 I 1 18612

4 L. i 1494

1 L. e 12730

= L. 2 QE9

4 L. 2 13469

i L. = 1409

2 L. a3 51

! L 3 19326 P7E
4 L. 3 ARE

1 i 4 QEB

& l.. 4 G532

= L. 4 1538

4 i. £ 1588

1 M i 1414

=2 M 1 449 412
= i} i 1760

4 M 1 1751

1 M} Z 478

= M 2 818

a ™ 2 SéY

4 ™ 2 2458

i M 5 2022

2 M = 9932

% I 3 1933

4 M 3 1800

i i 4 2182

2 M 4 1216

= ™ i 744

4 ™ 4 10&F 9732
1 H 1 898

= H i 2085

3 H i 1271 g90
4 H i 1571

1 H 2 1049

2 H 2 1ZE75 77E
A H 2 16268 268
4 H oy 1891

i H = 1398 504
< H = 2hbh 798
= H A 1835 FY0
4 8 ) 2207

1 H 4 1&75

= H 4 QPTE 5E4
4 H 4 1507 1099

P o a0 o 2 et e Al W SR Gk e e 7204 Mt Sines Fait SIS S et 44D S VUTRE 400, iS00t e S0904 e . Shets S S3088 ST PR S S 4005 SroEn SO St YOS et bty Sl AR S5008 s PoTRS Ah e 95098 P drmse. b mmane. Sovts Fovne S



APPENDIX TABLE 5. PUBERTY AND BREEDING DATA FOR PUBERAL
GILTS IN EXPERIMENT 1.

GILT/GROUR ABE AT WEIGHT AT AGE AT WEIGHT AT
AREFLICATE FUBERTY (d) FUBERTY (kg) BREEDING (d) BREEDING (kg)
L1 114 50.9 1356 T2.7

L1 109 Sh. 3 131 71.8
L3 173 Z.9
= 112 49.1
1 189 102.7

1 142 =Y | 162 84.5
1 157 67,9 177 85.5
2 1473 h7.9 1646 1.8

".51—;_;

14

133 &1.8

201 100,0
184 95.5
139 65,2 158 80.0
152 7E2 170 4.5

169 8I.
169 78.
176 78.

-~
o

§ 0 B L e O S

188 103.6
189 ?6. 4
194 0.9

214 74, 2356 gg.2
187 gi. 209 5.5
184 80. 202 103.2

244 108,
la7 B81.3 189 108.5
170 77.7 188 104. 5
149 75.9 187 100.0
165 8.9 187 104.5
170 g8%5.7 iag 102.7
177 7.8 196 F4.5
174 76.8 192 5.5

23 P fad B3 e B L R R s L RO B B R o

IIIIITIIIIILITIIIZERZEZZZEZZZRCr

BB

O

Gl el L L PI BRI RY e meos = o oy s L] B

BRI i
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AFFENDIX TABLE 6.

EXPERIMENT 1.

GILT REPRODUCTIVE TRACT MEASUREMENTS FOR

GILT/GROUP
JREPLICATE

ne 14800 Gvene sbes FArah G4bSe ohime Takss TOUEY SHFen H4beb Smuet 0O dnrme Subas Srars G4re® Sabem Seded S0 Seees AR seens Gimin Shrad Sebet bedm eed S GHUTD meohs SHies bosed SebSL dbPer HCR Mubd Smbxs Seess Moubd BIOMS Shmsd Fersn Seees Sribt Sekay boden SHeE beid Shess GAIRS Siete coies Sengs Seuet bt Sirot Spure SePes Hinss Seare

poite

Lo B3 e Bl e LA R e

A4 408 St R S Al R S A S M N A A

R N S B Z I SR P R B

G G AR R BRI R e e e B B D B G L L L R BB e e e

PR e B G R e L B e O

T LI ITIIXIITIIIIIX

PE IS B

J N e
B fed L LA BRI BRI RIRY o e e BB B

Bopy e
T
N

H

Y

< One uterine horn missing.

TOTAL OVARIAN TOTAL UTERINE UTERINE HORN NUMBER

WEIGHT (g)

&. &
5.8
17.73
14.
7 .
7.
b
19,

VIR

7
L%

g
R T N N IR BN 0 s 5

Y]
2
L

ke
ted
bk pdbhidd s

13.
12.

12,
¥
wtu

T
1i.
1é.
13.
135,
15,
14.%

15.¢C

L e OO0 0

L F3 o= LR

TN Ry
gl ic*

WEIGHT (a?

116
119
13542
1754
128
200
144
&0
278
344
116
136
96
117
147
153
701
GG«

1298
122
212
134
1744
REY-
145
149
477
116
634

124

LENGTH (cm)

e
RN

e T

42
91
118
38
51
44
133
68
g7
40

bk

of CL.'s

O
0
11
14
8]
o
(9]
15
O
12
A
0O
O
0

9]
15



AFPENDIX TABLE 7.

PLASMA ESTRONE SULPHATE LEVELS (ng/ml) OF
GILTS IN EXPERIMENT 1.

GILT/GROUF
ZREPLICATE
8 19

20

i

. 024
.18

v 46

« 14

27
L 2

13
3 L2

N
4 k2

.19

2.Mm_ 2
13 04

2. H_ 2
09
I_H_2

21

DAY OF BESTATIONS

22 23 24 25 26 27 28 29 =0

« Qb » 11 .07 .14

. 13 . 09 13
« 12 W DG « 1%

- 75

2,973
e oot

wha 3o} -t
» 02 12 «17 .18
.25 . A2 2.43
« 11 11 - 11 « 1A

- ]- (:)

« 14

. 09

vl I L 17 .14
<31 59 2. 67 S 99

2a 00

« 60O
17 . 14
.17 « 17

17 .19

@ Hased on the last d of

insemination.



TABLE 7 {(cont’'d)

GILT/BROUF
LREPLICATE
18 19 20

. 08 .10

2 k3

W13
4 L 3

13
rrs

15

o

e
~ g
2 H 3
O

—

[PRRr i |

e

e I
[N

L 10
07 .08

» 0b « D6

1o 17

.15
e.H_4

.12 . 06
4.H 4

e S e e S cmmve 200 St At S St S R o ot e

~y Yy oy ~y R L -y y -
di s el 42, wlotd a2 27 38 Lq RIS

At dunns srmen Boine honts Sousd Sese Gumes Ghind Seesk Sbutm sefed bdomt Svas S GRLML Shans 4OORS bibee fosep PSS Femea Fests Sebee SHesk FHILY SSSAS BreFe drasd PRt S4beh Sears SIFY $ISI aees® WIS Sintn ASPE SH440 boime SRS Seisd eiase sirie sreme pebes £ S Sere

.14 .14 11 . 08

2 ol
Ll “. LR

§-’ ‘g
E ]
Jomle
e
3
P
o
,

T wib - 14 « 12

.11 » 11 M .14

.17 .12 11 .12

- 09 .14 M 16

. 20 W15 21 L2821 - 13
<16 «1b « 13 w20
232 .29 .18 .28

32 . 40 e .26

!-_.-4
&1
=
&1
el
ot
]
g

« P 4.158 &. 85 .78
Ny «» 17 . 18 2

232 21 w27 28

- 10 » 13 14 - 13

34 04 .04 .04
« 05 . 06 . 04 . 04

- 48 o235 1.2 1.3%8

« 13 . 12 .11 « 15

T e et 9100 048 e Sadl S it SO e 44445 04 A0 S S Sova e Mt s
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APPENDIX TABLE 8. DAY OF LAST BREEDING FOR FREGNANT GILTS
IN EXPERIMENT 1.

GILT GROUF REFL.ICATE DaY OF LAST BREEDING

4o b Srin Grend cavis seepe Sesse oy Seete octe L4980 Bibes Sores PHELA S S4SS berel Subhe SOMY HOUE R06s Sbes bubes SHSML doets suieh seets

3 i 1 25
4 1 1 25
4 2 1 27
4 2 2 25
3 2 4 26
1 3 1 27
2 3 i 27
4 ) 1 27
i ) 2 25
4 3 3 27
1 ) 4 25

< Day of the experiment.



APPENDIX TABLE 9. REPRODUCTIVE DATA OF PREGNANT GILTS IN
EXFERIMENT 1.

GILT/GROUF NUMBER

/REFLICATE  OF CL°S TOTAL

IR T 11
4 L1 14
4 ™M 1 12
4 M 2 13
3 o0M 4 11
I H 1 15
2 H 1 1%
4 H 1 10
i H 2 15
4 H E 10
I H 4 10

et e . o s aretd e e s o a4t S Se80% St e s e S Skt SoAL St S Ao S S b

M X ITMUM
1504
(ng/ml?l

Fa

. 85 1884
4. 29 2520
2.07 1600
3.99 1573
1.38 1944
4,354 2205
.13 2263
2. 45 1839
.18 2096
6H.8%5 1384
1.47 1156

 Determined at least 34 d after the last breesding.

3
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Area under the curve esasured in arbitrary units.



APFENDIX TABLE 10. EMBRYONIC DATA.

LIVE EMBRYD WEIGHT (g)
GILT/GROUP e e
REFL.ICATE HORN

I 11 TOTAL FARTICULARS

oot soig 4 s mive Govas potnt Se0ss butm Somen Sonte

Sruns 89244 beate Seeat rhten mas Sebet Sesep Seews Sosoe $ONLe SIS 41999 SBRLS Sembe Geedh Smesk $9000 FEUR Sabem Feere FOANS Soaks FeFRS S02e) RESS Shine Shaph SeERE bemse SOSNE FPVS SO0 SeRS FAVES SHHYR Seuke SOHHE ceeed SHeR Setss S90ed Preme FIFRE Waeds HuiAd seees feone S4Ats sose BHUND Besen POOSY besed 48440 Yered Guln Seeme beedd 90084 s Seiee ebeby tesHe

T L1 AN | 2.7 9.3 HORN I - 2 REABSODRBING
.5
4 | i .8 4.5 Eb6.1 HORN 1T — 3 REABSORBING
H.d 4,0 HORM I1 - 1 DEAD (2.7
4.4 4.4 ~ 1 REARSCORBING
4.6 4.5
2.7
4 L1 4.5 11.9 HORN IT — 1 DEAD (4.1g)
RIS
.0
i L1 4.8 . BeLE
FHe b 5.6
5.9 Heb
H.2 b2
4.9 5.9
2 H 1 b7 6.8 464
7wl b.7
6.8 S. 8
S.b &b
7.0 7.3
4 H 1 Cia 7 5.3 22.4
&0 S04
4 M 2 E.9 Zebh 21.7 HORN I~ 2 REAGBSUORBING
2.9 AT HORN II ~ 4 REABSORBING
F.4
4.2
I+ 2 il.1 1.8 &1.8 HORN I - 1 REABSORBING
12.9 10,73 HORN 11 -~ 4 REABSDRBING
12,7 pr
4 H E a0 4.7 4467
Sal .5
4.6 Sl
4.7 2.8
a0
.2
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TABLE 10 (cont’'d).

LIVE EMBRYD WEIGHT (g)
SILT/6ROUP e o e
REFLICATE HORN
REFLLICATE I 11 TOTAL FARTICULARE
3 M 4 8.0 .6 44,2
8.5 8.9
G.2

i H 4 11.8 11.0 &7.4
10.9 11.7
11.5

10.5




APPENDIX TABLE 11. GILT WEIGHT (kg) THROUGHODUT EXPERIMENT 1.

REPLICATE 1

GROUF
L ™

WEIGH GILT
IN i 2 3 4 1 2 ) 4

e ot
WO 5.7 49. 1 51.3 =S2.7 6H4. 5 HE. G &E. 2 H7.0

Wi S0. 0 49.1 H50.9 S6.35 652 bhéE.l &8 E &7.9

Wa

]

8.0 91.8 S57.8 59.8 74.1 7E.2 73
W3 bé.d 6.5 652 H7.9 80.4 78.6 80.4 g1.3%
W 4.8 &0, 7 7i.4 T3 BE.0 B3.0 84.8 3.9
W3 74.1 &34 750 T5.9 87.5 8B7.5 P02 B&. &
Wé 7EH.9 H5. 2 B2.1 2.1 2.9 2.0 F1l.1 2.9
W7 81.3 &7.9 87.%5 87.5 Q5.5 4. 4 98.2 P71
€:; wg 85.7 TELR 2.9 .0 102.7 G7.3%  1053.4 101.8
W 1.1 75.9 9.1 100.0 106,73 106,73 112,535 107.1

Wim 38.4 26.48 47.8 47 .3 42.0 43.8 47,5 40,2

Wuoal

e s one Soves suos i mtnrs S Fraas St faass et e AN e SobeR S SSean S s SHOMS Seind MR et S e S NS b S v 3090 i Semed Sty i S

b Pretest weight (1 d before FMSG).

™ Total weight gain during the experiment.
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TABLE 11 (cont’d).

REFLICATE
1 2
GROUF
H L

WETGH - GILT
M 1 2 5 4 1 3 4
Wo  E2.1 77.7 78.6 0.4 A46.4  49.6  50.0
Wi 8.0 78.6 78.6 74.1 47.73 H51.8 51.6
W2 90.2 87.35 g82.1 77.7 1.8 Gba s 5.4
W3 PTE 0.3 B6. 6 81.3 58.0 a4 65. 4
W4 101.8 4.6 89.3 BbH. b Hl.é L34 &9.6
W& 104.5 8.2 FE.0 Bb. b &7.9 6F. b 75,0
Wé 11%.4 104,35 F7LE 2.0 723 2.5 78. &
W7 112,85 105.4  102,7 Y2.9 80.4 78.6 864.8

Wg 121.4 110.7 9.1 FP.1 8&5.7 8E.9 F1.

fs

We 126.8  113.4 100,00 104.5 Fl.l Fi.1

G
&)
8

WG 44,6 5.7 21.4 2441 44,4 41.35 45.5

g ey
S



TABLE 11 (cont’'d).

REFLICATE 2

GROUF
M H

WEIGH GILT
IN 1 2 " 4 1 2 3 4

Wo 58.0 S8.9 8.9 L4.735 75.9 9.5 7.5 76H.8
Wi 607 58.9 9.8 6b7.% 81.5 80.4 g1.3 80.4
W2 &5, 4 b4 3 &4, 73 74.1 843.7 87.3 89.3 Ha. &
W3 Ti.4 7i.4 TE3 83,0 89.3 100.0 97 .3 FES
W4 75,2 75.9 777 PO.2 3.8 101.8 100.0 97,35
W& T77 74.1 8. 4 2.9 7.3 107.1 100.0 100.9
Wé 8.0 81.3 85.7 102.7 100,00 117.0  108.9  104.5
W7 2.0 87.3 P2.0 110.7 1053.4 118.8 117.0 108.9
Wa Q7.3 1.1 98.2 1il.é 11007 125%.%  117.%  117.0
We 102.7 F9.1  102.7 121.4 11l.6  133.9 124.1 121.4

WG 44.4 40,3 4Z.8 2.1 I5.7 S54.5 44,4 44,6



TABLE 11 {(cont’'d).

REFLICATE 3

GROUF
L ™

WEIGH GILT
IN 1 2 = 4 1 2 3 4

al

eare Soses beoss eaabs shisn Srres Abesh ey erS deess SREL SHTL S4RLD $004% PSS Foed SIRL Sk Seene SSHIR bhire HS0A Sh0S Shide PO Mivba suleh PELSS Srbsp eess St bente SLats teset S0ars Srvad seeHd SPRO S4rer JARb SSbes Seusb Semin $9088 oS4e Sketa Seams SOniS FeRSE e Smcet Riaes SHURS Seres S SRy Simss Sbese SHAre sy Shues seass Sobse soer

WO 5541 51.8 46. 4 H2.4 bHI. 4 &8.8 &40 35 (2
Wi 54.3 SR 49.1 Hh. I 65,2 71i.4 &5, 2 &H5.2
Wa 5B.9 59.8 S54.5 L. 7 TEE 7B. &6 73,2 74.1
W “4.73 HE. 4 S568.0 45,2 777 85.7 8h.6 77.7
W4 6F. b 6H8.8 &HOLT 70,5 81.3 1.1 84.8 #8E.9
W TG 71.4 LT S 723 84.8 4.6 H08. 4 86.8
Woe TE2 TE.2 68.8 75,0 8.4 100,0 1.1 8%.3

W7 78,4 78.4 7&.0 7%. 4.6 103,46 4.4 F2.9

in

Wa B8E.9 84.8 F7.7 83.9 10G.0  108.9  101.8 P75

W 89.73 8

~
tn
@
£
O

79.5 100.0 113.4  103.7  100.9

Wi Sb.E 35.7 I7.8 272 T 44, 6 8.4 Zb.b



TABLE 11 (cont d).

REFLICATE

nire vanan A8 e eaed el Baken 4RSS YAnae SeStY BO4FE Simen SHSS re Seshe 0008 HARS Shos foeds Serre Seeet S4see Poens Saaes eresh seemt

WE IGH GILT
IN 1 2 3 4 1 2 3 4

4ntit Saash mass Seres SOM4 GRWVS SSbee Sedbe SHHAS S50e SAMRY EF00S BECST eSS Lidus SHISD S4F4S Shodd OOt eeds suesn Seres Subbe SNdes S9nih mOESS 49008 Shbme Sesse Slves SHAH SURIS SRS POIE Smerh 4m) Seres GeEee SNAL Sisee Poeee Soses PP ke mmves MOANE cume smase S1404 FHacs BOOSs bobie s mEet seeis HARD Sheve mhimd Soses Kabet SHe Senvs SRS ShebS

WO B2. 76.8 71.4 8X.0 51.48 0.0 4%.5 47 .35

Wi 8L.3 77.7 75.9 83.9 58.0 97.1 SR b H52.7

A

W 2.9 a7.3 35,9 2.0 &HG. 2 al.é bhi.b 58.0
W2 100.0 4. b FIP 0 1O0.0 7005 &7 .9 7.9 6403
Wa 1036 102.7 Pg.2 102.7 4.1 LY. 6 0.5 &7.0
WH 106,73 9.1 10G.9 104,35 76H.8 7441 7E2 6H9.6
Wa 1125 108.0 108,00 113.4 8.1 78. 6 7G5 76.8
W7 118.8 1i10.7 115.2 119.64 a5.7 83,0 BE.9 7RG
We 120.5  113.4 108.9 123.2 1.1 87.5 8d. 4 83.9
W7 121.4  120.% 118.8 12B.64 7.2 F4. 46 Fb. 4 Fi.1

WG I9.E 4%.8 47.3 43.5 45.5 44.6 S0.9 47%.8



TABLE 11 (cont’'d).

REFLICATE 4

GROUP

WETGH GILT
TN 1 2 3 4 1 2 4

WO 65,2 H5. 2 59.8 &L7.9 83.0 75,0 78.0
Wi 72,3 7i.4 6E.2 75,2 85.7 764.8 74,8
Wa 8O.4 79.5 5.2 83.0 2.8 85.7 a%5.7

W3 8.4 88.4 7. 0.2 9.1 F4.4 2.9

Lh

W4 Fi.1 B8.4 78.6 FE.9 100.9 2.9 3.8

W5 QG2 87.5 8.

i

a84.4 105, 4 P44 ?5.5
Wé 28,2 4.6 0.2 104,35 118.2 106,35 103.6
W7 99.1 5.5 F1.1 102.7 119.4 108.9 108.9
wa 100,00 102.7 98.2 111.é 128.6 104.5 103,86
We 116,10 112.5  105.4  120.5 134.8 114.3 112.5

Wi S50.9 47,5 45.5 H52.7 51.8 39.3 7.5
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AFPENDIX TABLE 12

. MEANS (+SEM) BASED ON GROUF FOR

EXFERIMENT 1.

VARTABLE

n
ABE AT d © (d)
AGE AT
FUBERTY (d)
AGE. AT
BREEDIMG ()

BODY WEIGHT
aT d & (kg)

RODY WEIGHT

AT FUBERTY (kg)
TOTAL EODY
WEIGHT BAIN(kg)
BODY WEIGHT AT
BREEDING (ko)

FROGESTERONE™

P o o pyoz
2y ety

L
15

106, 349.7

127, 0+30, 7
111, 7+2.50p

133, 5+10.4

HOL9+ELD

b0 1+1h. 20
B2, 14T, TeR

bF. O+, 3

1501 +609

GROUF

M
16
137,047, 1

165 4+324, T
14b. &+7 . b

o

1635, 6+7.3

o
e
A
+
o
o}

79. 9+1b. 59
68, 1+7, 1o

44, 9+6. 1

H

15

171 1+13.3

179, 6+17 .9
1762415, 17"

196.8+15. 4

79,9+, 5

Bl.b+8. 5"
TG G, 4

41.1+9.4

99, 1+5. 73

16124479

“ n=i4{at the snd of the expsriment).

e n=13(within 10 d of FMBG injection).

* fArea under the curve measwred in arbitrary units at the
induced estrous cycle.
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APPENDIX TABLE 13. MEANS (+5EM) BASED ON REFRODUCTIVE
STATUS FOR EXPERIMENT 1.

REFRODUCTIVE STATUS
VARIABLE FREGMANT  OCYCLIC AND/OR CYCLIC AND  PREFURBERAL
FREGNANT NOT FREGNANT
n i1 26 15 20
TOTAL OVARIAN
WEIGHT (g3 Z.8+1.6 13.242.9 12.7+3.6 7.2F1.7
UTERINE
WETGHT (g) 1681+4673 SE8+10%9 168+84=
HORM
LENGTH(cm? 106+15 F4+18 51+%
FROGESTERONE® 1612+547% 1542+517 1483%3+572 14114658
AGE AT
FPUBERTY (d) 166.5+28. 2
WEIGHT AT
FUBERTY (kg) F7.8+14.3%
L A
L3

Area under the curve measured in arbitrary units at the
induced estrous cycle.



APPENDIX TABLE 14. KRUSKAL-WALLIS ANALYSES OF VARIANCE.

FOFRULATIONS VARIABLE DF H FROBARBILITY

FREGNANT & CYOLIC UTERINE 1 18.37%%% pea L 001
NON-FREGNANT WEIGHT

UTERINE HORN 1 E. 62 lupa L 05
LEMGTH

FREFUBERAL % CYCLIC UTERINE HORM 1 AL 20%% 001
NON-FPREGNANT LENGTH

OVARIAN WEIGHT

oy

lb. 78%% 01
UTERINE WEIGHT 1 21,460 - 001

CyCL.IC AlC FOR Faz 1 F.bHBE¥ .01
NON-FREGNANT lst & 2nd CYCOLE

ALl CYCLIC GILTS: AUC FOR FPas 1 & OE ¥ L O3, 01
REFLICATES I & 4 lst CYCOLE

LITTER SIZE: MAX TMUM |} 7. Qa4 %% . 014p. 001
Feb % F-10 E150a

L & M AGE AT PUBERTY 1 .48 LA pTLa0g
o & H 1 4.98 MR R 52
Mo H 1 11.54%% pE. 001

L% M WEIGHT AT 1 .48 » Lpa 05
FUBERTY

L % H 1 3,08 L 05
M % H 3 1,730
ALL BILTS: ALC FOR Fa:

REFI.ICATES ist CYCLE

& 3

w i 5, O5% L OSIpT, 02
2% 3 1 G 4ERE LOLApa 001
& 4 i D3I COETRTL 02
¥ Significant at uDS—Ievel. ) -

*¥%  Gignificant at .01 level.
*#%% Significant at 001 level.
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O

O

AFFENDIX TABLE 135. CHI-SQUARE TEST RESULTS.

GROUFS CHARACTERISTIO DF X= FROBABILITY

L% M &% H INDUCED FLUBERTY 2 19, 16*w% pe L 001

M % H " 1 15, 12%%% pe 001
L& H " 1 19, 55%%% DL Q01

L% M L 1 . A6 L7

L% M & H FUBERTY FRIOR TO e 15.07%%% e . 001
SLAUGHTER

M % H CYCLTILC OR PREGNANT 1 Q. I2%% paL 0l
AT SLALGHTER

L & H " 1 14.75%%% s EAPR R

L& M " i 1.95 PREEN « LA

*¥%  Significant at .01 level.

*#6% Hignificant at 001 level.
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AFPENDIX TABLE 16. CORRELATIONS OF VARIOUS OBSERVATIONS IN
EXPERIMENTS 1 AND 2.

FOFULATION VORTARLES . poR
FREGNANT NO. LIVE EMBRYOS
% E 504
DAY OF PREGNANCY) : 22 o 7 D120
23 - 81 « DORS
24 - 85 L0100
25 . 8 « QOO7
26 « 88 . 0004
27 .86 L D006
MO. LIVE EMBRYDS %
UTERINE HORM LENGTH 61 . 2447
NO. LIVE EMBRYDS &
TOTAL EMBRYOMIC WEIGHT B2 W OA2E
NO. OF Cl.'s %
AUC OF Fa
(Znd CYCLED w7 L0071
NO. OF CLl's &
MAX Fa LEVEL
C (Znd CYULE) . BO . QO3

MAX Fa LEVEL %
AUC OF Fa

(Znd CYCLE) 77 « DOES

NO. OF Cl's &

MD. OF EMBRYDS ¥4 L D229
MON-FREGNANT UTERINE HORN LENGTH
CYCoLic LT UTERINE WEIGHT . 2 0469
FREFUBERAL UTERINE HORN LENGTH

L UTERINE WEIGHT w &0 . 0049
re=ld GILT FRE~GNRH LH MEAN
SAMPLINGS AND FREQLIENDY L3116 W OO0
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O

APFENDIX TABLE 17.

FRE~GnRH SERUM LH LEVELS (ng/ml)}.

GItL.T 1
TIME (h)

O . D0
09,10
09,20
QG 520
09,40
09,50
10,00
1010
10,20
10,30
10. 40
10.50
11.00
11.10
11420
11,30
11.40
11.50
132,00
12.10
1220
12,30
132.40
2.50
13,00
Ze 10
Ea 20
15,30
135,40
L850
14,00
14.10
14,20
14,30
14.40
14,50
15,00
15.10
15. 20
15,30
15, 40
15. 50
14,00
1b. 10
1é. 20
16,30
16440
1&.50
17.00

. 29
27

ﬁzéj

A2
" el

1.79

1.15
.67
. S0
. 38
.42
. o8

~xew
o e

. 29
1.90
2451
1.584
1.07

. 84

« b0

« 35

L 51

.58

.37

e
.y

o]
u al

1.78
1,22
. 99
» 71
-85
<64
« 4é
- A0
217
220

o W Yo

1.08
.02
.81
. 58
« 36
20
43
42
vl
2
.l

2,03

all

142
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. S0

1.36
1,03
w75
. 38

. 40

e
a wated

AN
«

v .y
LIRS

.21

« 19

=y
. 26
<27
. 27
W 2b
.24
17
. 28

o o]
u .c?..u::.

Ll -
v aend
=
" oal.

L S
8 al

-
"l

Y]
« 14
521
.18
» 14

.j-é,
- lé

16
a lé
.14
« 19
b
. lé
.18
« 19
< 1é
W17
« 19
<18
1.730
1.54
1,13
. 7o
« 70
. 64
« 44

"')
8l

AR
o )
o 20
-
LRt

.2l

g
» 25

=
w al

ko]
® b

« 18
- 14

o
w 4ol

«1é
- 15
17
1.75
1.14
. B0
«H?



TABLE 17 (cont‘d).

GILT = e BEEEDR

TIME (k) A B C
0OF.00 - 18 « 17 . 39
02,10 - 14 - 19 .69
09,20 « 17 23 v ol

* aliadt
09,30 « 14 o2 o 29
09 .40 « 17 » 335 A1
09.50 .o o2 e
10,00 v 25 .27 IR
10.10 - 21 . 2 . 29

10,20 . 14 W23 2
10,30 « 44 . 16 . 27
10,40 1.51 2 . 28

10.50 .82 “ é‘:l w21
11.00 61 1,65 w21
131,30 - 47 « P4 254

11.20 b 1.35 1.28
11.30 223 . P4 1.19
11.40 .31 W71 .78
11.50 " « 64 « 70
12,00 <21 -] « P
12.10 .23 <41 . 44
12,20 » 23 « 56 46

12,730 .2 -~ .3
' 12.40 ele ) 1
@ 250 « 14 . 25 . aa
Z.00 . 24 . 25
13.10 .18 .2 . a8
13,20 2. 68 .2 . 25

Ea 30 1.48 . 59 . 20
L A 1.80 « 30 ey
13,50 - 89 - 28
14,00 « 55 RS 2.53
14,10 .3 3 1.460
14.20 .y 3 1.27

14,320 . 22 .29 77

14,40 - 19 23 i
14,50 « 18 1.91 . A2

15. 00 W22 1.24 3

15.10 « 20 1.12 « 49
15. 20 17 4 8

185,30 « 13 « 94 « b
15.40 « 13 . 55 . i
15.50 w2 - 40 « 25
16.00 « 1é . 39 )
16.10 .17 . w7
14420 wlé - - 14

16,30 « 12 ..18 19
16,40 « 15 - 19 17
16.50 « 15 - 20 « 17

@ 17,00 L2 L@ .19
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TABLE 17 (cont 'd).

GILT 3 e BLEED

TIME (h) A B C
09,00 - 78 v a 10
079,10 T vl « 173

09,20 " 12
09,30 . 30 « 2 « 132

09, 40 2.2 . 20 « 14
09.50 1.354 - 17 2.0
10,00 e} 16 1.80
10,10 -1 o S0 1.15
10,20 . i <17 W73
1030 - 149 .17 A3
16,40 - 297 « 13 - 45
10.50 . 2 .19 vl
11.00 . 18 13 23
11.10 a2l « 13 . 26
11.20 17 .11 12
11.730 w20 « 10 . 19
11.40 . 20 . 12 « 15
11.50 .18 . . 18
12,00 2.99 - L2 14
12,10 1.30 - 16 17

L& 20 . P2 - 11 <15
12,30 - 73 11 <15

12.40 <49 . .11
12.50 e 12 .
15,00 .19 12 L 1E
15,10 . 18 . 12 .14
1E, 20 .18 13 <11
13,30 .18 Z =5
1735, 40 .17 « 08 I
13,80 L 19 .12 L0
14.00 1.89 12 10
14,10 .14 « 12 12
14,20 .71 .11 . P
14,730 . 68 1.54 . 08
14,40 21 1o02 . 09
14,50 . 1é .87 .09
15,00 . 2b - 65 .09
15,10 .18 « 50 12
15020 w21 E 1.83
15,30 10 . 2 .16
153.40 <14 024 .78

15.30 « 18 w23 e
146.00 . 1% ey a
16,10 .18 » 20 )
14,20 - 18 20 » 26

16. 30 .14 « 14 «17
16.40 - 13 « 14 2 B

lé)u 5‘:’ w 15 2 Y 2‘:3

17.00 « 1b « 14 - 17
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TABLE 17 (cont‘'d).

GILT 4 e BLEED,

TIME h) £ 5] (™

09,00 1.149 .37 L 12
0,10 . 84 - 27 . 09
Q9,20 .87 .2 G
09,30 .19 .23 15
09,40 .54 wl 11
09,50 - .17 « 13
10,00 ey . 19 - 13
10,10 . «1é L 10
10,20 .19 « 20 .14
10,320 « 19 v 3 4 L1
10,40 19 <24 - 15
10,50 17 » 13 . 15
11.00 . 16 <13
11.10 12 .19 . 14
11.20 <12 1.34 .21
11.30 . 10 . 88 w20
11.40 - 11 .82 .21

11.50 11 « b W25
12.00 12 v 50 <15
12,10 - 09 . 50 . 99
12.20 - 13 27 .83
12,30 10 » il « 75

12,40 ~O7 21 it
1250 . 07 .17 o oh
135,00 11 20 ey

O

13410 « 09 . 12 .25
13020 - 08 « 12 « 24

-r

3,30 « 10 . 1& M s
135,40 W 039 « 17 16
135050 . 08 =14 16
14.00 . 0F 1.15 .14
14,10 . 08 . 88 « 13
14.20 - 08 w73 - L3
14,30 09 .57 .14
14.40 . 07 w91 .14
14,50 .09 .28 12
15,00 10 . 50 .17
15,10 - 028 « 2b - 13

15,20 2 132 A 23 « 17
15.30 » S5 16

15,40 . 08 .14 L5
15,50 <10 - 18 T
1é, 00 . 10 12
16. 10 . 0G .18 « 15
16 20 .08 15 « 14
16,30 « O7 «1é& W 10
16,40 . 08 .13 . 18
14.50 . G 14 « 15

¢:> 17.00 .08 I .18
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TABLE 17 (cont’'d).

GILT & e e e o e s e e s e SO S B BB e e o o e s o s e e o i

s s B}

TIME (h) A G
0. 00 1,08 » S8 « 17
09,10 « 59 . D0 « 10
09,20 - 47 « 41 . 14
09,30 S « 52 o i
O . 40 .« 46 « 37 21
0. 50 . 24 .S .19

10.00 33 @ 17

4t n a5,
10,10 02 . 16

164,20 .51 &7 12
10,30 W27 . 23 16
10, 40 . H0 w ) .18

10.850 22 <21 .25

11.00 .16 - 19 » 44
11.10 17 a0 . 44
11,30 « 19 19 - 17
11.30 « 15 . .19
11.40 - 19 « 19 .28

11.50 « 13 « 20 . G
12,00 a2l 13 o 73
12.10 « 20 16 « 50
12.20 22 - 1% « b
120350 «2E - 2 1.53

12.40 .14 . 18 1.16

12.50 15 - 17 1.14d
13,00 - 14 A 15 81

13.10 W L3 o B « &3

15,20 19 W14 " 58
175,30 . 18 17 - 54
| 3. 40 <17 - 15 A

F.50 v B A 20 « 48
14,00 - 25 - 14 o 2
14,10 E.92 « 17 o 50
14,20 1.94 . 14 .31
14,50 1.58 I 25

14,40 » 79 . . 16
14,50 . B9 - 15 1,03
15,00 « &0 .15 1.132
15.10 . 58 « 24 - 85

15.20 -3 » 21 - 69
15,50 N . 18 « &3
15. 40 o 25 . 18 « 55
15,80 - 22 » 20 . 59
L&, 00 - 24 - 17 . 42
146.10 22 . i 3R
16020 . - 17 . 52
16,30 « 14 - 18 )

1é. 40 .23 ey S
16,50 . " o2l

17.00 17 21 =L
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TABLE 17 (cont d).

GIitT & TIME (h) BLEED A

09, 00 vtk
09,10 . 27

09,20 » 25
09,350 22

09,40 19
09,50 w20
10,00 ey
18,10 . 20

10,20 26
10,350 -

10,40 14
1050 19
11,00 4

11.10 « 25
11,20 »

11.30 « 54
11.40 -

11,30 o 29
12.00 x5

A
12,10 .32
12.20 2.02
12030 .15

12,40 2657

250 « 76
13,00 Wbl
15,10 . 44
13,20 .
BN R .19
5. 40 &

u al

O

F.830 2

14.00 . 20
14.10 « 18
14,320 .
14.30 B R
14,40 . 09
14.50 .14
15,00 .12

15,10 L1
5.20 . 09
15030 « 10

15.40 - 14
15.50 - 10
16,00 « 31
1610 o« 09
14,20 .14
1éaa 30 S
14.40 « 10
16.50 » 09
17.00 alé
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O

APPENDIX TABLE 18. POST-GnRH SERUM LH LEVELS (ng/ml) OF
GILTS IN EXPERIMENT 2.

BLEED
GILT 1 e et e et e e et e et st et o e e e i s ot et e o

TIME (h? A B ("

17.10 .25 2,42 2.51
17.20 .50 1.80 S5, 79
17.30 4. 84 4,50 4.81
17.40 Pebd G. 72 3. 47
17.50 1.80 3. 65 2.47
18.00 1.95 2.47 257
18.10 1.67 2,59 2,359

18,20 « 84 2,03 1.98
18. 30 1.13 1.98 1,42

18.40 W75 1.85 1.43
18,50 o PO 1.31 1.24
19,00 71 1,35 1.17
17.10 1.55 1.42 W 73
19,20 1.41 1,03 65
19,30 91 » 69 7
19.40 « 7H .87 1.68

192,50 « 81 .64 1.31
20,00 - 34 « 57 .83

20,10 « 45 w37 W7l
20030 « 18 .41 « &5

20 ED « 43 . EE T
20,40 .51 « A5 A,
20.50 o 50 27 ZE

21,00 W S el . 28
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TABLE 18 (cont’'d).

BLEED
GILT = e o e o e e o i e i e 1 o o e e e e o e e e et o 2 e e 2 e o ot i 2 et
TIME {h) A Et C

17.10 &H. 86 8. 849 D02
17,320 5. 28 ba bbb 15.11
17.30 & AHS L. 44 12.51
17 .40 2.28 S 68 10,88
17.50 2. 89 4,95 8.95
18. 00 2.71 4.4%5 b B&
18.10 1.99 Z.58 4.91
18. 20 1.4% .08 4,90
18.30 110 Z.13 A.R7
18.40 1.15 4,00
18.50 « B3 2.98
19,00 .70 2. 13
19,10 2. 50 1.57
19,20 A.EE 1.26 1.42
19. 30 i.41 .16 1,324
19.40 120 1,26 1.04
19. 50 .84 2.52 i.11
20,00 . &b 1.5% .80
20,10 . 48 1.29 . P
20,20 .49 1.04 A5
20,30 . 458 . 839 . 79
20,40 . Ad « 838 2.48
Z20.50 1.74 75 1.359
2L.00 1.364 b2 1.26

O
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TABLE 18 {(cont’ 'd).

BLEED

G [ LT ':‘, ren 4228 B0 ek hton S0 w8 RS Htms Sk bl Soan 40908 900 eken Fhvkm Smb embte, usee 4403 ot $4038 tnn dor Sebtn 20053 44T $109S S0004 S04 S Bnt $900 900 PO 00 09 S Fome et Sare S0 nct e

TIME (h) A B C
17.10 15,7359 FaP0 F.8%
17,320 11.14 F.41 746
17430 8.72 8.44 8.54
17.40 S.7b 799 7. 55
17.50 5. 55 5.689 S3.90
18.00 7,08 4,42 5,07
18.10 F.89 F.A7 396
18.20 2.82 2.96 2.98
18.50 .05 2.52 2.3
18,40 1.35 1,92 1.99
18.50 <71 1.05 1.58
19.00 1.7353 1.38 .63
19.10 1.08 « P00 1.28
12.20 .02 1.15 .23

190350 vy .74 1,12

19.40 .59 2. 354 .79
19,50 2.5 2.70 . 85
20,00 2,33 1.580 « 57

20,10 1.98 - 83 .47
20.20 1.24 1.09 <45
20030 - 83 « 77 . 58
20040 «h4 97 » 3l
20.50 « 65 o PE 2,29

21.00 «HO W 70 2.3

W m tat



TABLE 18 {(cont’'d).

BLEED

G 1 L-T 4 ert 4t Lot et Sten St 544 h4 1 4m i o SH48 b 2402 e esn S b ki i e 00 e e $94 S 4100 St Sdom She iSRS it Shae Foet S5 S0k S0t T SkRS s ks Sesed he S1s0s

TIME ho & B o
17410 F.10 .19 2. 00
17.20 164,84 5.98 e 30
17,30 8.72 Helb 7.45
17.40 P.13 .77 .91
17.50 b PR .89 Sl 13
18. 00 Ha 97 Z.10 4.21
18,10 E.01 3,08 Ha b
18,20 2.41 270 8a
18,350 1.77 1.86é S EE
18,40 1.5 1.72 2.6
18.350 1.34 1.52 2. 87
19,00 P4 1.10 2.57
19.10 1.0 <97 L.90
19. 20 81 1.10 162
19. 30 . &3 . 74 1.79
19.40 « 55 Lo 1.53
19.50 e .71 1.09
20,00 L 42 « 54 1., 0%
20.10 .l « 58 1. O3
20,20 . 49 . 49 L.0]
20,30 « 42 « 4& . 70
20, 40 « A2 v 53 55
D0, B0 . b .48 . 80
21,00 « A5 . 49 » &

-
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TABLE 18 (cont’'d).

BLEED
G]_LT 5 s 43400 4ra st et Finc ket sk 4442 488 mtas 3o, st ekt iors oree soeh Shon rara oten st i oRER 0984 $495 S S Soen Sese Sr4nh vt Pre. Tt S50 Heve ek S 400 ek esnn S 4o ekt rere s
TIME (M) A B [

17.10 10,75 b. 07 e

17.20 19, 25 b.T0 4,97
17,7350 9. 68 b, 5 8. 60
17. 40 7 S . 8. 20 T

> tal
17.50 4.09 8.30 .60

18,00 A Y 4 3.lb
18,10 2.74 .86 2a59
19,20 1.69 E.07 1.78
18.30 1. 30 2. 64 1.72
183.40 1.41 1.85 1
18,50 1.32 1.55 1. 50
19.00 1.8% .16 1.21
19,10 2.24 1.09 1.13
19.20 1.50 . 87 1.17
19.30 1.14 1.04 1.05
19.40 .88 L F0 1.01
19.50 w77 1.06 w70
20,00 . 65 . 79 <831
20,10 53 « b bl
2020 56 . 65 . 7h
20.EC . b 51 s
20, 40 .41 L G2 .79

20050 u a2 A

5 M,
21,00 .57 - 70 L3232



TABLE 18 {(cont’'d).

GILT &

TIME (h) BLEED &
17.10 7.95
17.20 H3.64
17.30 HB.35
17.40 &, 47
17.50 Gudl
18. 00 4.87%
18.10 4,28
18. 20 Za b5
18.30 E.B0
18.40 015
18.50 2,07
19,00 1.94
19.10 1.45
19,20 1.52
19.350 1.486
19,40 .98
19.50 .16
20,00 1.O3
2010 . Q0
20,20 TR
2OL30 L b0
20,40 « b4
20,50 . 6B
21,00 . 89

153



0

APPENDIX TABLE 12. DATA FDOR GILTS IN EXPERIMENT 2.

GILT
mmwm_mmw“mmmmmmwmmgMMMMMwgwmmmmw;mmmumm;_mmnwwgwmmmmmgmwmu_*_
AGE (c) BLEED-A 123 102 112 110 109 118

B 155 |32 142 140 139 145w
C 184 16l 171 169 168
BODY WEIGHT (kg)
BLEED-# 47 .3 45,5 464 47. 73 SE. 45,0

B 74,5 L. 2 6573 T 7i3.6 51.8

" T b ?21.8 89.1 BOG.9 96. 4
AGE AT
SLAUGHTER (d) 205 182 192 199 189
TOTAL OVARIAN
WEIGHT (g 17.2 7k .6 b0 b.b 7.7
UTERINE
WEIGHT (g) S40 123 4461 159 150 149
UTERINE HORN
LENGTH (om) 122 54 85 46 50 58
OVARTAN
STATUSY

“ Died afier surgery.

vy Gilts: i~

17 CL's

prepubesral

in proestrus, 1&6 preovulatory follicles
prepuberal

prepuberal

prepuberal .



APPENDIX TABLE 20. MEANw SERUM FSH LEVELS (ng/ml)
OF GILTS DURING EXPERIMENT 2.

BILT e PLEED. o
4] B C
JE
2 S&H0 HA4T F01
= 8351 &b & éh iy
4 431 539 488
5 440 Z94 &51
& =00

w Mean of 4 determinations on each pooled sample.

fay
£
&



