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THE CONTROLLED INDUCTION OF PUBERTY

A.M. PATERSON
A. R.C. Group for Hormones and Reproduction in Farm Animals,
University of Nottingham School of Agriculture, Sutton Bonington,
Loughborough, Leicestershire, UK

Puberty, defined as the time at which ovulation and oestrus first occur in
association with normal luteal function, usually takes place at about 200
days of age in the gilt (Duncan and Lodge, 1960). As the replacement gilt is
reared solely for reproductive purposes, a delay in the attainment of
puberty means a delay in the commencement of productive life. With the
recent trend towards intensive confinement systems of pig production it
has become increasingly desirable to be able to control the onset of puberty
in the gilt. As discussed in Chapter 6, age at puberty can be affected by
many factors including nutrition, genotype and the environment. Although
there are numerous reports in the literature concerning environmental or
physiological conditions which may either hasten or retard puberty in the
gilt, few include studies of the associated hormonal changes. Therefore in
reviewing those methods used in an attempt to control the onset of puberty
in the gilt, particular emphasis is given to the endocrinology and mode of
action of the technique involved.

The endogenous control of puberty

An understanding of the endogenous control of puberty, which is central to
attempts to control puberty, has been hampered by a lack of basic research
on this topic in the pig. As has been pointed out in Chapter 5, it is still not
possible to explain fully the pubertal process in the pig in terms of the
neuroendocrine mechanisms involved. However, some important points
are clear and bear consideration at this stage.

The hypothalamic—pituitary unit is essentially intact at birth. The
hypothalamus contains gonadotrophin releasing hormones and the pituit-
ary is capable of releasing gonadotrophins in response to synthetic
releasing hormones (Debeljuk, Arimura and Schally, 1972; Foster, Cook
and Nalbandov, 1972). Recent work in the sheep (Ryan and Foster, 1980)
has shown that as puberty is approached the frequency of episodic
luteinizing hormone (LH) release increases to about one episode per hour.
This is believed to provide the trophic stimulus for final follicular develop-
ment, which in turn increases oestradiol production and leads to the
induction of the first pre-ovulatory LH surge as the positive feedback
mechanism becomes operative. These workers were successful in inducing
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precocious puberty in ewe lambs by mimicking the increased LH pulse
pattern with exogenous LH. Such work has not been reported in the pig
but the frequency of pulsatile LH release in the gilt does increase during
development (see Chapter 5); the model for the initiation of puberty as
proposed for the lamb may therefore also be applicable to the gilt.

The mechanisms governing the changes in gonadotrophin secretion
during development have been recently reviewed (Levasseur, 1977; Fox-
croft, 1978; Foster, 1980; Elsaesser, Chapter 5) and these mechanisms will
not be considered in detail in this review. In general, two theories have
evolved to explain the increase in gonadotrophin secretion as puberty is
approached and conflict exists as to which theory best explains the onset of
puberty, although they are certainly not mutually exclusive. The first
involves the concept of differential feedback sensitivity (Ramirez and
McCann, 1963; Grumbach et al. , 1974) and has become known as the
classic 'gonadostat' hypothesis. This postulates that the hypothalamus is
highly sensitive to negative feedback by low levels of circulating oes-
trogens, which suppress the secretion of releasing hormones and hence the
gonadotrophins. As puberty is approached there is a change in the set
point of the hypothalamus which becomes less sensitive to negative
feedback, allowing secretion of gonadotrophins to increase. The second
theory proposes that there is specific inhibition of the secretion of releasing
hormones from the hypothalamus by the central nervous system (David-
son, 1974; Levasseur, 1977). The cortex, limbic system and pineal gland
are all believed to have some influence on the hypothalamus in a balanced
inhibition of the secretion of releasing hormones (Gorski, 1974). These
extra-hypothalamic structures presumably monitor factors in the internal
and external environment and mediate their influence on gonadotrophin
secretion via neuroanatomical pathways.

Induction of puberty with the male

The introduction of the mature male to the prepubertal female can
advance and synchronize puberty in a number of species. This phe-
nomenon was first described in the mouse by Whitten (1956a,b) and has
since been reported in rats (Cooper and Haynes, 1967), deer-mice
(Bronson and Marsden, 1964), sheep (D9rmundsson and Lees, 1972) and
pigs (du Mesnil du Buisson and Signoret, 1962; Brooks and Cole, 1969;
1970). The results obtained from using boars to induce puberty have been
reviewed by Hughes (Chapter 6) and will not be repeated here.

In mice it is the odour of the male's urine which is the major
exteroceptive factor involved in the stimulation of the female (Dominic,
1965; Bronson and Whitten, 1968). The physical presence of the male is
not essential as females can be stimulated by transferring bedding soiled
with male urine to their cage (Parkes and Bruce, 1962; Vandenbergh,
1969; 1975), but it must be changed frequently to ensure a response.
Bronson and Maruniak (1975) found that while urine alone stimulated a
uterine weight response, physical contact with an intact male or urine plus
physical contact with a castrated male produced a much stronger response.
They concluded that the main stimulatory effect was pheromonal but
tactile CueSwere also important.
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Wilson and Bossert (1963) divided pheroniones into two main types—
signaller pheromones which produce a behavioural response and primer
pheromones which cause a physiological change. In the pig the source of
the pheromones which stimulate puberty is not well defined. When Kinsey
et al. (1976) exposed gilts to a range of treatments including boar urine
odour and physical contact with boars, they found that boar contact
advanced puberty but the odour of their urine did not. Kirkwood and
Hughes (1980) were able to advance puberty by exposing gilts to the odour
of a vacant boar pen, but the administration of the urinary pheromone
5ofrandrost-16-en-3-one (A16) which has signaller pheromone properties
(Reed, Melrose and Patterson, 1974) had no effect on the age of gilts at
puberty. This suggests that the primer pheromones which stimulate
puberty in the gilt are not of urinary origin. Boar saliva is known to contain
a reproductively-active pheromone complex in which the major active
compound is 3a-androstenol (Gower, 1972; Booth, 1975; 1977). Having
studied the urinary pheromones and the mating behaviour of pigs,
Kirkwood, Forbes and Hughes (1981) have postulated that the source of
the primer pheromone in the boar is the submaxillary salivary gland.

The physiological mechanism by which the male stimulates puberty in
the female mouse has been studied by Bronson and his co-workers at
Austin, Texas. Their work has established that the introduction of the male
causes a rise in the basal LH concentrations of the female (Bronson and
Desjardins, 1974; Bronson and Maruniak, 1976). This rise takes place
within 30 minutes of the introduction of the male and the ovary responds to
the higher concentration of LH by secreting oestradiol. Circulating levels
of oestradiol are elevated in six to twelve hours and remain elevated for up
to 48 hours leading to the initiation of positive feedback as LH, FSH and
progesterone concentrations increase in a pattern which mimics that seen
in the proestrus phase of the adult cyclic mouse and ovulation takes place.

It has been suggested that the period of elevated oestrogen is essential
for the final maturation of the positive feedback system in the hypothala-
mus, which facilitates the release of gonadotrophins in response to
oestrogen stimulation. In this context, Bronson (1975) and Bronson and
Maruniak (1976) have postulated that the effect of the male is exclusively
on basal levels of LH and oestrogen and that the secretion of the other
hormones are altered indirectly by the action of oestradiol.

Few studies on the hormonal events associated with the onset of puberty
in the gilt after exposure to boars have been published. Recent work at the
University of Missouri (Paterson, Cantley and Day, 1980; Esbenshade et
ai., 1982) has characterized some of the changes taking place at this time
but the picture is by no means yet complete. Blood samples were taken
twice daily from nine gilts around the time of relocation and exposure to
mature boars. Figure7.1 shows the mean hormone levels in these gilts from
day —6 to day 6, with day 0 being the first day of the pubertal oestrus.
Plasma oestradiol-1713 (E2) began increasing from day —5 and reached
peak levels during proestrus, on day —3 (n = 5) or day —2 (n = 4). Plasma

LH levels prior to day —1.5 and after day 1.5 fluctuated between 0.5 and
1 ng/ml and were considered basal. The pre-ovulatory surge of LH was
measured on day —1 (n = 4) or day 0 (n = 5). Progesterone concentrations
were less than 0.3 ng/ml until after oestrus and then they rose to about
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Figure 7.1 Mean plasma hormone concentrations at the onset of puberty in relocated gilts
(n = 9). From Esbenshade el al. (1982)

11 ng/ml by day 5 due to the formation of corpora lutea. Cortisol levels
fluctuated widely, ranging from 7.4-24.5 ng/ml and they did not appear to
be related to oestrus or ovulation.

In a second experiment blood was collected from four gilts every six
hours from boar exposure until after puberty. The hormonal patterns were
similar in each gilt, although they were out of phase with each other as the
gilts reached puberty at different times after exposure to the boars. Figure
7.2 shows the mean LH and E2 levels in these gilts arranged with respect to
the onset of oestrus (0 hours). Plasma E2 rose from basal levels and
remained elevated for a mean time of 83 hours before the onset of oestrus.
Peak levels were measured at —18 hours and E2 had returned to basal
levels by +12 hours. Plasma LH was basal throughout with the exception
of the pre-ovulatory surge.

The hormonal pattern of oestradiol and LH observed during the
follicular phase leading to first oestrus in these prepubertal gilts was similar
to the pattern observed during the follicular phase of the oestrous cycle
(Henricks, Guthrie and Handlin, 1972; Guthrie, Henricks and Handlin,
1972; Shearer et al. , 1972) and during the follicular phase of gilts
synchronized with a synthetic progestin (Redmer and Day, 1981). These
data indicate that the increase in plasma oestrogen prior to first oestrus is
due to the initiation of follicular growth.
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Figure 7.2 Mean plasma hormone concentrations in gilts reaching puberty after exposure to
boars (rt = 4). From Esbenshade el al. (1982)

In all the gilts reaching puberty in these studies the only changes in LH
seen were those associated with the pre-ovulatory surge; that is, no
changes in LH in response to surgery, relocation or boar exposure which
eould be considered causative of the initiation of follicle growth were
detected. Such changes have been detected in the mouse (Bronson. and
Maruniak, 1976) and the ewe (Martin, Oldham and Lindsay, 1980). It is
possible that the extremely low levels of circulating LH in the gilt
compared with those in the mouse precluded detection of a subtle shift in
the basal levels of this hormone. Alternatively, it may be that the change in
LH is not in mean levels but in the frequency and/or amplitude of episodic
pulses of LH as has been recently described in the ewe by Foster (1980).
Such episodes are known to occur in the immature gilt (Elsaesser and
Foxcroft, 1978) and the sampling regime used in our studies would make
such changes impossible to detect.

We have also measured the hormonal profiles in two other gilts which
responded to the introduction of boars by showing elevated levels of
oestradiol but did not show oestrus or ovulation. Some follicle growth must
have taken place in these gilts but it did not continue to ovulation and there
was no positive feedback of oestrogen or LH. The elevated oestrogen
levels did not induce oestrus. The data suggest that the ability to respond to
a stimulus by initiating follicle growth and the ability to respond to the
resulting elevated oestradiol levels do not develop simultaneously. This
finding may explain the phenomenon of vulval development without
oestrus or ovulation which is often observed in young gilts, particularly
after mixing or relocation.

It appears that boars stimulate puberty in gilts by affecting a rise in
oestradiol levels. Whether the sequence of events leading to this rise,
especially the change in basal LH secretion, is the same as has been
described in other species such as the mouse still remains to be determined.

Induction of puberty with exogenous gonadotrophins

Casida (1935) first demonstrated that exogenous gonadotrophins can cause

ovulation in immature gilts. Since then many workers have used pregnant
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mare's serum gonadotrophin (PMSG) and human chorionic gonadotrophin
(HCG) in attempts to stimulate precocious puberty in gilts.

Data from a number of experiments using PMSG followed by HCG to
induce ovulation in prepubertal gilts are summarized in Table 7.1. Doses of
500-2000 iu PMSG followed by 500 iu I-ICG 48-96 hours later caused
ovulation in up to 100% of gilts over a range of ages and weights. Some
exceptions have been reported, including the failure of any gilts to ovulate
after 1000 iu PMSG in the work of Baker and Coggins (1966). However in
general ovulation rate is related to the dose of PMSG given. Both Baker
and Coggins (1966) and Phillipo (1968) established positive linear rela-
tionships between dose of PMSG and ovulation rate and Rampacek et al.
(1976) found higher ovulation rates after 1000 iu than after 750 iu PMSG.

In the range considered, age did not appear to affect markedly the
response to PMSG. Gilts differing in age by 20 days had similar ovulation
rates in the work of Rampacek et at (1976). Dziuk and Gehlbach (1966)
found similar ovulation rates in gilts treated with 500 iu PMSG at 110 or
130 days of age. A difference with age was found in their work for gilts
given 1250 iu but it should be noted that the younger gilts had a lower
ovulation rate than any other group, including those of the same age given
500 iu, suggesting that their response was abnormal. The gilts treated by
Dziuk and Dhindsa (1969) had ovulation rates comparable with much
younger gilts given the same dose by Baker and Coggins (1966). Ovulation
rate varies among experiments but this is probably due to factors other
than chronological age, such as environment, hormone preparations and
physiological differences among and within groups of gilts.

The ova produced in response to PMSG/HCG are capable of being
fertilized (Dziuk and Polge, 1965) but reproductive performance after
induction of puberty by this method has been poor. The data in Table 7.1
show that only a small percentage of gilts which ovulated exhibited oestrus.
The highest incidence of oestrus was 75% (Dziuk and Dhindsa, 1969) but
this was recorded in gilts which were much older than those treated by
other workers, having failed to reach puberty naturally by 250 days of age
or 136 kg. In gilts around 160 days of age, the highest incidence of oestrus
was 69% (Guthrie, 1977) but only 9% of those studied by Phillipo (1968)
displayed oestrus. Segal and Baker (1973) showed that standing oestrus
after PMSG treatment can be enhanced by injections of diethylstilboestrol
given at the same time as HCG (0 versus 73%). However, this compound
can influence sperm transport (Dziuk and Polge, 1965) which may adverse-
ly affect reproductive performance by causing asynchrony between ova and
sperm at the time of fertilization.

Even when oestrus is displayed and breeding takes place, great variation
in farrowing rate and litter size has been reported although acceptable
farrowing rates have been obtained, e.g. 67% (Dziuk and Dhindsa, 1969)
and 80% (Holtz et al., 1977), but there are reports of farrowing rates as low
as 20% (Rampacek a al., 1976; Huhn, Heidler and Ressin, 1977) and a
litter size as low as one live piglet has been recorded (Rampacek a al.,
1976).

There have been reports that pregnancy in gilts induced to ovulate with
PMSG may fail due to premature regression of the corpora lutea (Shaw,
McDonald and Baker, 1971; Ellicott, Dziuk and Polge, 1973). In addition,
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maintenance of cyclic activity to a second ovulation and oestrus in
non-pregnant gilts may be poor (Dziuk and Gehlbach, 1966; Segal and
Baker, 1973). However, this facet of the use of gonadotrophins to induce
early puberty has not been systematically studied.

The use of PMSG to induce ovulation in prepubertal gilts, and mating at
that ovulation, is not a satisfactory means of improving reproductive
performance at this time. Mating at the second cycle after treatment offers
an alternative but cyclic activity is not always maintained to a second
oestrus and ovulation, which therefore precludes this practice.

Recently there has been interest in using PMSG and HCG in combina-
tion as a single injection. The combination most commonly used has been
400 iu PMSG and 200 iu HCG and these doses are considerably lower than
those used in earlier work. Attention has centred on gilts around 150-180
days of age, which would be expected to be approaching the age of natural
puberty. The results of some of the work in this area are summarized in
Table 7.2.

In each experiment considered, 80% or more of treated gilts ovulated.
Ovulation rates were generally lower than those found when high doses of
PMSG followed by HCG were given but wide variation between experi-
ments is still apparent. More gilts showed oestrus with several reports of up
to 100% of the animals responding, although reports as low as 43% do
exist (Breeuwsma, 1974). Data on the reproductive performance of these
gilts is limited. Schilling and Cerne (1972) and Holtz et al. (1977) reported
acceptable farrowing rates and litter sizes. However, other workers have
found much lower fertilization rates and there is clearly a need for further
research before the breeding of gilts after induction of ovulation with
combinations of PMSG and HCG could be considered on a commercial
basis.

Maintenance of cyclic activity in PMSG/HCG treated gilts has not been
widely studied. Schilling and Cerne (1972) reported that over 90% of their
gilts maintained cyclic activity but Schlegel, Wahner and Stenzel (1978)
found a much lower incidence of second ovulation. In studies at the
University of Western Australia (Paterson and Lindsay, 1981) it has also
been found that maintenance of cyclic activity in gilts induced to ovulate
with 400 iu PMSG and 200 iu HCG is poor. Of 41 gilts which ovulated in
response to this treatment, 24 (58%) ovulated a second time and only 19 of
them (46%) showed oestrus. Failure to maintain cyclic activity would
severly limit the usefulness of this technique for the routine induction of
puberty. We are able to show that this problem could be substantially
reduced by using mature boars as an additional stimulatory factor. When
gilts were housed in the presence of boars and exposed to them daily
following the induction of ovulation, significantly more gilts displayed a
second oestrus (33/39 cf. 19/41, x2 = 11.2, P<0.001) and had a second
ovulation (32/39 cf. 24/41, X:2= 4.2, P<0.05) than when they were isolated
from boars.

Based on these findings a management regime using induced ovulation,
the presence of boars to facilitate the maintenance of cyclic activity and
breeding of the gilts at their second oestrus may prove to be a viable
commercial practice. Further study is warranted in this area, particularly
with respect to maintenance of cyclic activity and reproductive perform-
ance.
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According to Gates and Bozarth (1978) the ovulatory process in
response to PMSG in rodents is initiated by the FSH-like activity of the
gonadotrophin which stimulates the maturation of the ovarian follicles.
The growing follicles produce oestrogens, the circulating levels of which
rise until, after a critical period, the hypothalamus is stimulated to release
LH releasing hormone. This releasing hormone acts on the anterior
pituitary gland to release LH and ovulation takes place several hours later.
Similar hormonal data have recently been obtained in the pig. Esbenshade
et al. (1982) gave prepubertal gilts 1000 iu PMSG and collected blood
samples twice daily for eight days. All the gilts showed oestrus five days
after treatment and Figure 7.3 shows the mean hormone levels arranged

—3 —2 —1 0 1 2 3 4


Day of oestrous cycle

Figure 7.3 Mean plasma hormone concentrations in gilts induced to ovulate with 1000iu
PMSG (n = 5). From Esbenshade el at (1982)

with respect to the onset of oestrus (day 0). Plasma total oestrogens
reached peak levels on day —1 and the pre-ovulatory surge of LH took
place on the first day of oestrus. Paterson and Martin (1981) measured the
levels of plasma oestradiol in gilts treated with 400 iu PMSG and 200 iu
HCG in combination. The data in Table 7.3 show that oestradiol was
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Table 7.3 CHARACTERISTICS OF THE PLASMA OESTRADIOL-170 PATTERN
OF GILTS INDUCED TO OVULATE WITH 400 iu PMSG AND 200 iu HCG

Gilt no.
(± Boars)

Basal
concentratioeo

(Pglml)

Day of
Ist rise

Day of
peak

Peak
concentration

(Pgimi)

Day back
to basal

296+ 3.0 2 3 20.0 5
297+ U.D.(b) 2 4 14.2 5
307+ 18.5 1 3 56.2 5
309+ 31.6 1 2 51.0 4
295- 17.2 2 2 33.6 3
280+ 27.7 2 3 77.2 6
300+ 4.4 2 3 15.6 5
308+ 9.6 1 3 47.6 4
288- 39.7 1 2 90.8 5
298- 22.3 1 1 77.8 5
304- U.D. 1 3 27.0 5
306- 13.6 3 6 203.1 10
287+ 21.0 1 2 34.4 4
290+ 26.7 - 3 54.6 4
299+ 4.5 1 2 41.4 5
305- 8.6 1 1 21.0 5

°)Basal concentration is that of -4, -2.0.
1°03elow limit of detection of the assay.
From Paterson (1979)

elevated two days after injection in 15/16 gilts and peak levels were
recorded on day 2 or 3. The mean height of the peak was 52.9±12.51 pg/ml
and the interval from the first rise until oestradiol concentration returned
to basal levels was 3-4 days.

There are some similarities in the oestrogen response to PMSG and male
stimuli. In both cases oestradiol rises quickly and remains elevated for
some time before the pre-ovulatory surge of LH takes place. The hypoth-
esis that a long period of elevated oestrogen titres is necessary for
maturation of the hypothalamic positive feedback systems (Bronson, 1975;
Bronson and Maruniak, 1976) fits the data for PMSG-induced ovulation as
well as male-induced ovulation.

In an attempt to determine an endocrine basis for the failure of
gonadotrophin-treated gilts to maintain cyclic activity, Paterson and Mar-
tin (1981) continued blood sampling through the luteal phase until after the
time of the expected second oestrus. The hormonal patterns in the first
follicular phase and during the luteal phase were similar to those reported
in cyclic sows (Guthrie, Henricks and Handlin, 1972; Henricks, Guthrie
and Handlin, 1972), and show that the ovaries of the prepubertal gilt
around 160 days of age produce normal patterns and levels of oestradiol-
1713(E2) and progesterone in response to this combination of PMSG and
HCG. Following the luteal phase three different types of cyclic activity
were observed and each had a typical hormonal profile associated with it.
A representative profile of each type is shown in Figure 7.4. Five gilts (type
A) were able to produce a surge of E2 which was associated with oestrus
and ovulation while gilts (type B) were not able to do so, thus precluding
any chance of oestrus or ovulation. Four other gilts (type C) produced a
surge of E2 and exhibited vulval development but ovulation did not take
place. The E2 produced may have failed to induce a pre-ovulatory surge of
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LH or too little LH may have been released to cause ovulation. Alterna-
tively, the ovary may have become insensitive to the pre-ovualtory surge of

LH. It may be that the basal LH secretory pattern in those animals which
continue to cycle differ from those that do not, and this may be a possible
explanation for the effect of the male on maintenance of cyclic activity.
However, LH was not measured in this study and experimental confirma-

tion of the role of LH in this process is still lacking.

Induction of puberty with oestrogens

As we have seen, the first changes in plasma hormones which have been

observed at the onset of puberty in the gilt are changes in oestradiol.

Bronson (1975) has shown that, in mice, the puberty-stimulating effect of
the male can be replaced by exogenous oestrogen 'therapy. As long as
plasma oestradiol remains elevated for two days, whether this is achieved

by the presence of the male, the use of oestrogen injections or by a
combination of the two, precocious puberty will result. This suggests that it
should be possible to initiate cyclic activity in the gilt with oestradiol
treatments. However, the few studies in which this has been attempted

have produced equivocal results.
Dziuk (1965) reported that 15/20 gilts showed oestrus after oral adminis-

tration of 20 mg ethinyl oestradiol/gilt/day for five days. Of the 10 gilts
examined, eight had ovulated but the mean number of corpora lutea was
only four/gilt and there were numerous unovulated follicles. This treat-

ment regime failed to initiate normal recurring cycles. Baker and Downey
(1975) reported similar results; of eight gilts injected with 40 mg ethinyl

oestradiol one showed oestrus and five ovulated. When 200 mg ethinyl
oestradiol was administered in a subcutaneous implant 7/8 gilts showed

oestrus and six ovulated. Treatment with the same doses of oestrone had
no effect. In contrast, Hughes and Cole (1978) were successful in initiating
cyclic activity in 6/10 gilts around 140 days of age with injections of 0.4 mg

of oestradiol benzoate (ODB) on three successive days.
At the University of Missouri we have recently carried out a series of

experiments examining the effect of ODB on oestrus and ovulation in
prepubertal gilts around 180 days of age (Paterson and Day, 1980). In the
first experiment 2/9 gilts given 0.4 mg ODB and 5/9 given 0.8 mg ODB

showed oestrus, but 1/9 and 0/9 at each dose respectively had corpora lutea
when examined on day 10.

Since Hughes and Cole (1978) achieved their success using repeated
injections it was decided to compare the effect on oestrus and ovulation of

a range of dose regimes of ODB. Forty eight gilts received a total of 1.2 mg
of ODB spread over either 1, 2 or 3 days and given as either one or two
injections per day, generating six treatment groups (n = 8). The results of

this experiment are shown in Table 7.4. Most treated gilts showed vulval

development but only six displayed oestrus. At laparoscopy 10-12 days
post treatment 34 had quiescent ovaries, eight had ovulated and six had

large unovulated follicles. Neither oestrus nor the distribution of these
classes of ovarian activity were associated with ODB treatment.
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Table 7.4 OESTRUS AND OVULATION IN PREPUBERTAL GILTS TREATED
WITH OESTRADIOL BENZOATE (ODB) IN THE ABSENCE OF BOARS

Treatment Number of gilts




(mg ODB x




injections) Oestrus Ovaries Ovulating Ovulation Cysts/




immature normally with cysts follicles

A : 0.4 mg x 3 I 4 2 0 2
B : 0.6 mg x 2 0 7 0 0 1
C: 1.2 mg x 1 2 5 2 1 0
D : 0.2 mg x 6 1 4 ! 1 2
E : 0.3 mg x 4 1 8 0 0 0
F : 0.6 mg x 2 1 6 0 I 1

Control 0 8 0 0 0

Table 7.5 OESTRUS AND OVULATION IN PREPUBERTAL GILTS TREATED
WITH OESTRADIOL BENZOATE (ODB) IN THE PRESENCE OF BOARS

Treatment

(mg ODB x injections)




Number of gilts




OvulatingOvulation

normallywith cysts

Ovaries

immature

0.4 mg x I Oestrus 1 1 0 0
(n = 8) No oestrus 7 0 0 7
0.4 mg x 3 Oestrus 3 0 1 2
(n = 8) No oestrus 5 2 0 3
1.2 mg x 1 Oestrus 4 1 1 2
(n = 8) No oestrus 4 1 1 2
Control Oestrus 2 2 0 0
(n = 8) No oestrus 6 1 0 5

Both these experiments were conducted in the absence of boars to avoid
the possibility of confounding their stimulatory effects with those of the
ODB. The poor oestrous response obtained suggested that failure to detect
oestrus may have been a factor in these experiments. To test this
hypothesis groups of eight gilts were relocated, exposed to boars and given
a range of ODB treatments. The data from this experiment (Table 7.5)
clearly shows that the poor oestrous response observed in the first two
experiments was not due to failure to detect oestrus. When similar ODB
treatments were compared among the three experiments, the presence of
boars (B+) had no significant effect on the proportion of gilts displaying
oestrus (B+ 8/24 cf. B— 5/25, x2 = 0.36) or the proportion ovulating (B+
5/24 cf. B— 6/25, x2 = 0.002).

Plasma hormone levels were not measured in these gilts but it may be
suggested from data from ovariectomized gilts (Paterson et al. , 1982) that
treatments in which all the ODB was given on one day did not elevate
plasma E2 levels for long enough to produce an effect. Similarly, treat-
ments using 0.2 or 0.3 mg of ODB may not have caused a large enough rise
in E2 to stimulate oestrus and ovulation. However, the higher doses (0.4 or
0.6 mg) spread over 2 or 3 days should have been sufficient to keep plasma
E2 at concentrations above those seen in the normal prepubertal elevation
(Esbenshade et al., 1982) for at least 80 hours. In addition Elsaesser and
Foxcroft (1978) showed that similar doses of ODB to 160 days old gilts
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would induce an LH surge. The failure of these treatments to elicit oestrus
and ovulation was surprising and the exact explanation for it is not

apparent. Perhaps the natural rise in oestrogens prior to puberty is

associated with changes in other hormones (for example LH, FSH or
prolactin) which did not take place when oestrogens were artificially
elevated with ODB but are necessary for oestrus and ovulation to take

place.
In these experiments a wide range of ODB treatments failed to initiate

cyclic activity. Overall 21/90 gilts showed oestrus and 13/90 ovulated.
These results are in conflict with those of Hughes and Cole (1978) and no
other published data are available for comparison. However, some recent

work at the University of Nottingham initially reported by Foxcroft (1980)
may provide an explanation. Their results suggest that the response of

prepubertal gilts to ODB may be affected by season. In one experiment a
total of 252 prepubertal gilts (65-70 kg liveweight) were treated with

1.2 mg ODB/gilt over the period May to December. The results in Figure
7.5 show that the percentage of animals showing follicular development

r __I Total ovarian (follicular and ovulatory)
response

May June July Aug Sept Oct Nov Dec

Month of oestradiol benzoate injection

Figure 7.5 Variation with the month of treatment on the ovarian response of prepubertal
gilts to 1.2 mg ocstradiol benzoate. From Stickney and Fozeroft (unpublished data)

and the percentage ovulating followed a marked seasonal trend. Much

greater responses were obtained in the winter months, when up to 70% of
treated gilts ovulated, compared with about 10% in July.

In a second experiment conducted between February and December

gilts given 1.2 mg ODB again exhibited a marked decline in ovulation
response in the summer months (Figure 7.6). In contrast, gilts given
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Figure 7.6 Variation with the month of treatment on the ovarian response of prepubertal
gilts to 1.2 (0 0) or 0.12 (0-0) mg oestradiol benzoate. Figures in parentheses are
number of gilts treated. Stickney and Foxcroft (unpublished data)

0.12 mg ODB demonstrated an ovulation response only in the summer
months. Although the response to 0.12 mg was much lower than that to
1.2 mg ODB at the same time of year, it is consistent with the hypothesis
that the seasonal effect may be mediated via variation in plasma oestrogen
levels. Data from endocrine studies (Stickney and Foxcroft, unpublished
data) indicate that plasma E2 in response to the same dose of ODB is
higher in summer than winter. Thus, the use of a high dose of ODB in
winter may supply the correct steroid environment for inducing ovulation
whereas such a dose in summer may inhibit ovulation. Conversely, a dose
of 0.12 mg ODB in winter is not sufficient to elicit a response, but in
summer this dose does have some effect. From a practical point of view it
seems likely that the optimum ODB dosage for maximum responses
throughout the year is somewhere within the range tested and that the dose
used should be varied according to the month of administration. Clearly,
this area requires further investigation, but it does hold promise as a means
of reliably inducing synchronized puberty in the gilt.

Conclusions

As the gilt approaches puberty the frequency of episodic LH secretion
increases and this is believed to provide the trigger for final follicular
maturation and ovulation. When puberty is induced by exposure to a boar
the first endocrine change so far observed is an increase in the levels of
circulating oestradiol. Whether this increase in oestrogens is mediated via
an increase in episodic LH secretion has yet to be determined, but
evidence from the sheep and the mouse, in which LH levels have been
shown to change in animals exposed to males, suggests that this is likely.
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Treatment with exogenous hormones has not yet provided a useful
method for the controlled induction of puberty in the gilt. The use of large
doses of PMSG followed by HCG has many problems associated with it
which precludes its adoption as a routine procedure. These include
variable oestrous responses, poor reproductive performance, failure of the
corpora lutea to persist in pregnant animals and failure to maintain cyclic
activity in non-pregnant gilts. The use of low doses of PMSG and HCG in
combination shows some promise as a method for the controlled induction
of puberty, but further studies particularly on the maintenance of cyclic
activity are required before this technique could be applied on a commer-
cial basis.

Limited work with oestrogens has produced conflicting results and these
compounds cannot be considered for the routine induction of puberty in
practice at this time. However, the recent finding that the response to
oestrogens follows a seasonal trend has increased our knowledge of this
technique and promises to lead to a commercially viable system for
controlling the onset of puberty. Finally, it also emphasizes the need to
consider carefully the conditions under which induction experiments are
carried out because many factors may interact to affect the response of gilts
to such treatments. For this reason particular care in interpretation should
be taken when making recommendations for the practical application of
such techniques.
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