
8

ENDOCRINE CONTROL OF THE OESTROUS CYCLE

G.R. FOXCROFT
Physiology and Environmental Studies, University of Nottingham School of
Agriculture, Sutton Bonington, Loughborough, UK

D.F.M. VAN DE WIEL
Research Institute for Animal Husbandry "Schoonoord", Driebergseweg 10
D, Zeist, The Netherlands

The study of the mechanisms controlling the oestrous cycle of the sow has
already illustrated some important comparative differences from other
species, although even the direct measurement of those circulating hor-
mones involved in controlling ovarian activity is still incomplete. While
some technical difficulties exist in using the pig for in vivo experimenta-
tion, the relatively high levels of circulating ovarian steroids make it an
excellent animal in which to study steroid—gonadotrophin interactions.
Furthermore the ready availability of porcine ovarian tissue has resulted in
the accumulation of a considerable body of evidence from in vitro
experimentation related to the intra-ovarian mechanisms involved in the
integrated control of the hypothalamic—pituitary—ovarian axis.

The major objective of this Chapter is to establish a possible model for
the control of the oestrous cycle in the pig with reference to pertinent data
from both in vivo and in vitro studies. To some extent this precludes an
exhaustive coverage of the available literature, but where possible, refer-
ence is made to papers in which more detailed information is available. In
attempting to achieve these objectives the oestrous cycle will be divided
into five phases which will be considered in a chronological sequence as
follows:

the established luteal phase of the cycle;
luteal regression;
the early follicular phase;
the late follicular phase .and the pre-ovulatory surge of gonado-
trophins;
the periovulatory period (including the early luteal phase)

The established luteal 'phase of the cycle

Several aspects of hypothalamo—hypophysial—ovarian function peculiar to
those mammals that exhibit long luteal phase cycles have been discussed in
the general context of cyclic control by Greenwald (1979). As the
maintenance of luteal function appears to dictate the length of the cycle,
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Figure 8.1 (a) Mean relative changes in circulating hormones (+SDM) throughout the
oestrous cycle of the pig (day 0 = day of LH surge), as determined by daily sampling. (b)
Changes in circulating hormones on days 11-12 of the oestrous cycle in two intact pigs
sampled at hourly intervals for 24 hours. L = light , D = dark periods. (c) Changes in
circulating LH (0---0). FSH (III-111) and progesterone (0 0) during the mid-luteal
phase of the oestrous cycle in two pigs sampled at 10 minute intervals for 6 hours. (a) and (b)
after Van de Wiel er al. (1981); (c) Foxcroft and Edwards, unpublished observations
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the choice of the 'established' luteal phase as a starting point for a
consideration of cyclic control seems logical.

The changes in peripheral progesterone concentrations are the best
documented endocrine events of the pig oestrous cycle (Tillson and Erb,
1967; Stabenfeldt et at, 1969; Tillson, Erb and Niswender, 1970; Edquist
and Lamm, 1971; Shearer et al., 1972; Henricks, Guthrie and Handlin,
1972; Parvizi et at, 1976; Van de Wiel et at, 1981), although some
inconsistencies still exist in these data. As shown in Figure 8.1(a), a rise in
progesterone secretion is generally observed on days 3-4 of the oestrous
cycle (the first day of standing heat being designated as day 0), but
considerable variability exists as to the time of maximum circulating
concentrations. Some data suggest that peripheral levels may begin to
decline as early as day 10 of the cycle as opposed to day 15 in other work;
variations in sampling frequency may explain some of these differences but
Perotti et al. (1979) have also observed differences in the pattern of
progesterone secretion that appear to be related to season.

As it is important to obtain a clearer indication of the timing of the
changes in progesterone production in developing a model for the onset of
luteolysis, estimates of progesterone secretion based on ovarian vein
sampling are of particular interest. Gomes, Herschler and Erb (1965)
reported that the ovarian vein concentration of progesterone was maximal
on days 10-12, declined slowly to days 13-15 and then fell rapidly. These
findings are consistent with the report of Masuda et al. (1967) that the
production rate (involving measurements of both ovarian vein concentra-
tion and blood flow) of progesterone was maximal on day 8, declined
slowly to day 12 and then again fell more rapdidly.

These data suggest that a decline in progesterone secretion as early as
day 10 should be reflected in an earlier decline in progesterone in the
peripheral circulation than is frequently observed. However, recent data
(Hillbrand, F.W. and Elsaesser, F., personal communication) demonstrate
that a very substantial amount of progesterone (up to 100 times that in the
circulation) may be sequestered in the body fat of the sow. Following a fall
in ovarian progesterone output the return of this fat 'depot' into the
circulation will result in a latent fall in circulating progesterone levels.
These observations have important implications for the control of the cycle
as the initial decrease in progesterone secretion by the corpora lutea (the
onset of luteolysis?) may occur as early as day 10 of the cycle, and yet any
withdrawal of an effect of progesterone acting at the hypothalamic—
pituitary level will be seen considerably later.

The necessity for luteotrophic support during the oestrous cycle has been
the subject of considerable debate and much of the early evidence
(Nalbandov, 1970; Hansel, Concannon and Lukaszewska, 1973) suggested
that once the signal for luteinization has occurred in the form of the
pre-ovulatory surge of luteinizing hormone (LH), the corpora lutea are
essentially autonomous for the duration of the luteal phase of the cycle.
Thus, neither hypophysectomy early in the cycle (du Mesnil du Buisson
and Leglise, 1963) nor treatment with LH antisera (Spies, Slyter and
Quadri, 1967) appear to affect luteal function.

Nevertheless a number of more recent observations suggest that the
corpora lutea of the cycle may be responsive to luteotrophic stimuli.
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Watson and Leask (1975) used an in vitro superfusion system to study the
steroidogenic activity of porcine luteal tissue obtained during the cycle and
reported an increase in progesterone secretion in response to both pulses
and infusions of LH. Furthermore, an increase in oestrogen was also
observed, suggesting that in agreement with the results of Weiss, Brinkley
and Young (1976), the corpora lutea may also secrete oestrogens during
the luteal phase of the cycle. From their study of LH—progesterone
interactions during the oestrous cycle of the miniature pig Parvizi et al.
(1976) also suggested that episodes of LH tended to precede and be
associated with, elevations in peripheral progesterone, although no such
relationship was clearly established in the domestic sow in the data of Van
de Wiel et al. (1981), nor in unpublished observations at Nottingham
University (see Figure 8.1(c)). However, during the mid-luteal phase Van
de Wiel et al. (1981) did suggest a possible relationship between LH
episodes and oestradiol secretion (see Figure 8.1(6)). Thus, although a
distinct pattern of high amplitude, low frequency LH episodes has been
reported by a number of authors during the luteal phase of the cycle
(Rayford, Brinkley and Young, 1971; Parvizi ei at, 1976; Foxcroft, 1978;
Van de Wiel a at , 1981), as shown in Figure 8.1, conclusive evidence is
still needed for a physiological role for LH at this time. Specific luteal
binding of both prolactin and LH have been reported (Rolland, Gunsalus
and Hammond, 1976; Ziecik, Shaw and Flint, 1980) again suggesting that
such hormones may be involved in controlling luteal activity.

Luteal regression

As in other species prostaglandin F2a (PGF) has been postulated to be the
major signal for luteolysis in the pig and the evidence to support this
hypothesis is extensively reviewed by Bazer (Chapter 12). In contrast to
other species, exogenous PGF will not cause luteolysis before day 12 in the
pig, suggesting that the PGF-sensitive mechanism is inoperative in the
early stages of the cycle. The means by which PGF of uterine origin is
transferred to the ovarian artery has also been extensively investigated and
in addition to an accepted vascular route of transfer, Kotwica (1980) has
recently reported a possible involvement of the lymphatic cireulation.

The mechanism of action of prostaglandins in the pig is unresolved.
Exogenous gonadotrophin is ineffective in maintaining the corpora lutea of
the cycle in the presence of an intact uterus (Anderson, 1966), suggesting
that PGF inactivates some component of the LH stimulatory mechanism
that is effective in maintaining luteal function in hysterectomized females.
A dramatic decrease in unoccupied LH receptors was observed by Ziecik,
Shaw and Flint (1980) after day 12 of the cycle and an increase in an LH
receptor binding inhibitor of luteal origin has been associated with
increasing age of the corpus luteum (Tucker, Kumari and Channing, 1979).
These data would therefore be consistent with the theory that at the time of
luteal regression the corpora lutea may be LH-dependent and that loss of
the LH receptor mechanism within luteal tissue results in the decline in
progesterone synthesis that occurs as early as day 12 of the cycle. In
addition there is evidence that the initial luteolytic stimulus from the uterus
may also activate the local production of PGF within the corpus luteum
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itself, thus reinforcing the luteolytic effect of prostaglandins (Guthrie,
Rexroad and Bolt, 1979).

Two other phenomena exist in the late luteal phase of the cycle of the
sow that contrast with the situation in other large domestic species. The
first is the ability of exogenous oestrogen to block the luteolytic effects of
prostaglandin and considerably extend luteal function (see Bazer, Chapter
12). The mechanism by which oestrogen exerts this luteotrophic effect may
involve the redirection of prostaglandin as is proposed for the early stages
of pregnancy, but preliminary evidence discussed during this meeting
(Garverick, Flint and Polge, unpublished observations) indicates that
oestrogen may also act to increase LH receptors in the corpora lutea.
Although the luteotrophic effect of oestrogen appears to have little
physiological significance for the control of the normal cycle, these data
again suggest that the presence of adequate LH receptors may be critical to
continued luteal function at the end of the cycle. Secondly, there are
consistent reports of markedly elevated levels of prolactin at the time of
luteal regression (Wilfinger, 1974; Van Landeghem and Van de Wiel,
1977; Van de Wiel et al., 1981). The close relationship between this rise in
prolactin and the decline in peripheral progesterone concentrations invites
speculation concerning a luteolytic role for prolactin and Rolland, Gunsa-
lus and Hammond (1976) have suggested that evidence exists for an
inhibitory effect of prolactin on progesterone secretion, at least in porcine
granulosa cells. However, Van de Wiel et al. (1981) also emphasize the
close relationship between the same prolactin rise and the initial increase in
oestradiol secretion and therefore a possible role in the stimulation of
follicular growth and steroidogenesis as discussed in the next section.

The early follicular phase

Although the adopted sequence in this review suggests that the follicular ,
phase of the cycle can be discretely separated from the luteal phase of the
cycle, this may be misleading. The data currently available indicate that
important changes occur as a continuum in developing follicles between
the time of antral formation and the time that they achieve a size of
6-12 mm and become pre-ovulatory Graafian follicles at the end of the
oestrous cycle. Thus, the number of granulosa LH receptors increase
approximately 100-fold, LH-stimulated increases in cyclic AMP increase in
magnitude, the sensitivity of the cyclic AMP response to prostaglandin E
decreases, the ability of the granulosa to secrete progesterone and to
convert androgen to oestrogen increases and the ability of follicle stimulat-
ing hormone (FSH) to stimulate the aromatization of androgen in the
granulosa only becomes apparent in large follicles (Anderson, Schaerf and
Channing, 1979; Leung, Tsang and Armstrong, 1979; Schwartz-Kripner
and Channing, 1979). Taken together these observations suggest that the
control of follicular growth and steroidogenesis in the pig may follow a
similar pattern to that proposed for the rat (Armstrong and Dorrington,
1977; Richards, Rao and Ireland, 1978) in which the initiation of responses
by the follicle involve an LH-induced increase in androgen production by
the thecal tissue followed by an increase in the aromatization of this
androgen to oestrogen by the granulosa cells. Such changes are mediated



(a
)

lb
)

D
ay

of
cy

cl
e

D
ay

of
cy

cl
e

30

24 12
20

0

0
—

15
0

48 32 16

"
•

'
It

;
6

0
1•

••••
%

.:
—

"2
50

1
1

1
I

I
1

1
1

1
1

	

12
13

14
15

16
17

18
19

20
21 (0

)

P
ro

!a
ct

in

(n
g/

m
1)

.-
--

-a

42

•

64

20

48
—

1\
 1

0

32
x

lk
ht

.
x

ve
ro

l0
00

ns
to

tx
os

0
16

;1
.

t
.

	

.1 .4
4:

1:
36

V
A

1
-

x

Y
x/

x'
S

t
x

Ic
•t

an
c0

1-
-n

oo
tA

x
4c

xx
xx

xx

12
13

14
15

16

P
ro

ge
st

er
on

e

(n
g/

m
1)

0

30
36




20
24




10
12

0
0_

15
0

10
0

50 0
1

I
I

18
19

20
21

1

03
1

LH(n
g

LE
R

-77
8-

4/
m

1)
20 10

20
0



G. R. Foxcroft and D. F.M. van de Wiel 167

by oestrogen-dependent changes in receptors for both LH and FSH in the
granulosa and through the induction of the aromatase enzymes at an
intracellular level.

In view of the timing of many of these initial changes in the follicle it is
difficult to determine those changes in gonadotrophin secretion, if any,
that act as the stimuli for the onset of follicular development. As discussed
later, some evidence suggests that the pre-ovulatory gonadotrophin
surge of the previous cycle may be responsible for the recruitment of a new
crop of follicles and, in the absence of any further specific gonadotrophin
signal, ordered sequences of maturational changes may occur that are
entirely dependent on intra-ovarian control mechanisms. However, as is
well known, such changes only result in limited growth of the follicles and
the absence of a major increase in oestradiol production, if progesterone
levels are maintained beyond day 14-17 of the cycle. This suggests that
high levels of progesterone block further maturation of the follicle and it
would be of considerable interest to know whether this is a direct, or
indirect, effect. Initial observations (Foxcroft, 1978) demonstrate that, as
in other species, the decline in progesterone secretion leads to a gradual
increase in the frequency, and a decrease in the amplitude, of LH episodes
as well as a gradual decline in circulating FSH levels. However as discussed
on p. 165 (Henricks, Guthrie and Handlin, 1972; Van de Wiel et at , 1981),
the initial fall in progesterone is also concurrent with both the initial rise in
peripheral oestradiol and an increase in prolactin secretion and it is not
possible to determine cause or effect from these data.

In the sow, therefore, although important intra-ovarian changes have
been described that are undoubtedly associated with normal follicular
development during the cycle, the trigger for the onset of increased
oestrogen secretion in the late luteal/early follicular phase of the cycle is
unknown. If the decline in progesterone is related to the appearance of a
trigger of pituitary origin, then this can only be associated with a
qualitative change in the pattern of LH/FSH secretion rather than a simple
quantitative increase in gonadotrophin release. The possibility exists
however that progesterone may exert its block to follicular development
entirely at the ovarian level and that the changing patterns of LH/FSH
secretion are merely indirect consequences of the changes in circulating
steroids and have no physiological significance as ovarian stimuli other
than in maintaining a minimum level of gonadotrophin in the circulation.
In discussing such indirect effects of progesterone it is relevant to note that
in the luteal phase of the cycle no positive feedback response to oestrogen
can be elicited (Foxcroft and Edwards, unpublished data); thus even in the
presence of oestrogen secretion a central block to ovulation exists. The
overall changes in circulating hormones at the time of luteal regression are
shown in Figure 8.2 to give an indication of the complexity of the
relationships that exist at this time. Further detailed studies relating such
changes to intra-ovarian developments at this critical stage of the cycle are
clearly required.

The late follicular phase andthe pre- ovulatory surge of gonadotrophins

The net effect of the changes described in the previous section is a major

rise in circulating oestrogen between days 18 and 20 of the cycle. This
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Figure 8.3 Relative changes in plasma levels of circulating hormones in the late follicular
phase of the oestrous cycle in two intact pigs sampled at hourly intervals. Day 0 = first day of
oestrous; vertical line = time of maximum LH levels. From Van de.Wiel et al. (1981)

pattern of oestrogen release was initially determined indirectly by the
measurement of urinary oestrone clearance (Lunaas, 1962; Raeside, 1963;
Liptrap and Raeside, 1966) and subsequently confirmed by the direct
estimation of oestradio1-1713 in peripheral plasma by radioimmunoassay
(Henricks, Guthrie and Handlin, 1972; Shearer et at , 1972; Van de Wiel et
al. , 1981). The temporal relationship between this rise in oestrogen and the
pre-ovulatory surge of LH and FSH (shown in Figure 8.3) suggested that as
in other species the rise in oestrogen triggered a positive feedback
mechanism within the hypothalamus. Confirmation that oestrogen could
exert this effect in the mature domestic sow has come from the studies of
Edwards (1980) and the latency of the response appears to be approx-
imately 50-55 hours in this species. The increase in circulating oestradiol
results initially in complete and immediate suppression of episodic LH
release, whilst its precise effect on the basal levels of LH needs clarification
(Foxcroft, 1978). In contrast the inhibitory effect on FSH is much more
latent, although FSH levels typically reach minimal levels within individual
animals immediately preceding the pre-ovulatory surge of gonadotrophins
(Vandalem et at , 1979; Van de Wiel et at , 1981). A detailed assessment of
FSH levels during the late follicular phase demonstrates, however, that
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there are periods of active FSH secretion in the presence of high
concentrations of oestradiol, at a time when marked suppression of LH
release exists (see Figures 8.2 and 8.3). This differential feedback effect on
LH/FSH release seems to merit further study and as this pattern of
gonadotrophin secretion provides a considerable contrast to that in other
large domestic species with a low litter size, it may be of considerable
comparative significance.

As shown by Van de Wiel et aL (1981) in the cyclic gilt and by Edwards
(1980) in the weaned domestic sow, the initial rise in pre-ovulatory LH
precedes the rapid decline in oestradiol secretion, resulting in the occurr-
ence of peak levels of oestradiol in the circulation approximately 8-15
hours before peak LH levels are observed (see Figure 8.3). The character-
istics of the pre-ovulatory LH surge at the time of oestrus were initially
determined by bioassay and in retrospect the observation of Liptrap and
Raeside (1966) that a rise in plasma LH occurred some 40-48 hours before
ovulation suggests that the ovarian cholesterol depletion assay used by
these authors provided a reliable estimate of LH changes. The first data
obtained by radioimmunoassay were those of Niswender, Reichert and
Zimmerman (1970) who reported an LH surge with a duration of approx-
imately 20 hours coincident with the onset of oestrus. These data have
been confirmed in subsequent studies of cyclic gilts and sows (Henricks,
Guthrie and Handlin, 1972; Rayford, Brinkley and Young, 1971; Parvizi et
a/. , 1976; Vandalem et al., 1979; Van de Wiel et al., 1981) and in the
weaned sow (Edwards, 1980).

Two points are perhaps worthy of comment with respect to the LH
surge. Firstly, on the basis of published data, the precise relationship
between the onset of behavioural oestrus and the time of the LH surge
appears to be variable and these events may be displaced by as much as 12
hours in either direction (Foxcroft, Tilton, Ziecik and Coombs, unpub-
lished data). Therefore, assuming a fixed interval between the LH surge
and ovulation (36-40 hours), the possibility exists that the time of
ovulation within the heat period may vary considerably and this may be of
consequence if the number of matings per sow is restricted and related
entirely to the onset of heat.

Secondly, a comparison of maximum LH levels associated with tonic
episodic secretion during the luteal phase of the cycle (approximately
3 ng/ml) and the maximum levels observed during the LH surge of 6 ng/ml
(Van de Wiel et at , 1981) demonstrates that compared with other species
the LH surge of the pig is characterized by a relatively moderate
percentage increase in LH, but that this elevation is of considerable
duration.Again in comparative terms it will be very interesting to determine
whether this pattern of LH secretion is of physiological significance.

Compared with the pre-ovulatory LH surge, the FSH response to
oestradiol positive feedback is variable and Van de Wiel et al. (1981)
suggest that it might be explained solely on the basis of the withdrawal of
the inhibitory effect of oestrogens at this time. However, consideration of
the data of other authors <Rayford et at, 1974; Vandalem et al., 1979)
suggests that an FSH 'surge' is generally a consistent event and is
frequently followed by a temporary fall in FSH levels prior to a subsequent
rise as discussed on p. 171. Furthermore in studies of both gilts (Elsaesser
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and Foxcroft, 1978) and sows (Edwards, 1980) in which a pre-ovulatory
• gonadotrophin surge.was induced by exogenous oestrogen, an FSH rise
occurred at a time when oestradiol levels were still elevated and able to
block the rise in FSH observed subsequently in control animals (see Figure
8.4). These data are considered to provide conclusive evidence for a direct

oestrogen-induced surge of FSH release coincident with the LH surge,
.though of reduced magnitude.

— 2 —1 0 1 2 3 4 5 6 7

Day before or after LH surge

Figure 8.4 Mean plasma levels of FSH measurcd at 4-hourly intervals in groups of
multiparous sows following weaning. Data are standardized to the time that maximal LH
levels were observed in the same animals (shown by vertical line on day 0). Standard errors
are omitted for clarity of presentation. (a) Sows weaned after a 5-week lac;ation and (b) after
a 3-week lactation. Continuous lines represent data from sows returning to oestrus naturally;
broken lines represent data from sows treated with 30 nekg oestradiol benzoate (OB) i.m. on
the second day after weaning. Following 3-week weaning (b), a pre-ovulatory surge of FSH
was observed in only 1/6 (OB treated) and 0/6 (untreated) sows compared with 8/12
(untreated) and 5/6 (OB treated) sows weaned at 5 weeks. OB treatment consistently
suppressed a rise in FSH 'seen in the periovulatory period (day+1 to day+4) in untreated
sows. From Edwards (1981)
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Some of the immediate consequences of the rise in LH within the ovary
have been well documented from in vitro studies of granulosa tissue from
the pig and other species (see reviews of Hunzicker-Dunn, Bockaert and
Birnbaumer, 1978; Hunzicker-Dunn el al., 1979; Catt et al., 1979), and
result in the luteinization of the theca and granulosa tissue, a rapid decline
in oestradiol production followed by a gradual increase in progesterone
synthesis and ultimately in ovulation.

The surge of LH itself is also thought to directly act by overriding an
inhibition of oocyte maturation exerted by a non-steroidal Oocyte Matura-
tion Inhibitor (OW) found in follicular fluid (Channing, 1979) which is
present at higher concentrations in small as compared with large follicles
(Van de Wiel et at, 1982). In addition the surge may also result in an efflux
of follicular fluid steroids that accumulate at almost pharmacological levels
within the developing follicle and may also act as important intra-ovarian
regulators (Eiler and Nalbandov, 1977).

An absolute requirement for a concomitant rise in FSH in stimulating
such changes appears to be questionable in the pig, as a normal sequence
of periovulatory events is observed in early weaned sows in which an FSH
'surge' is frequently absent (Edwards, 1980; see Figure 8.4).

The periovulatory period

Although dependent on the exact relationship between the onset of oestrus
and the time of the LH surge (see above), ovulation generally occurs
during the latter part of day 2 of the oestrous cycle. At this time LH levels
in both cyclic gilts and weaned sows are consistently low, in contrast to a
marked increase in the release of FSH during days 2-3 of the cycle
(Rayford et al., 1974; Vandalem et al., 1979; Edwards, 1980; Van de Wiel
et a/., 1981). This pattern of FSH release has also been observed in the rat
(Chappel and Barraclough, 1976) and is considered by Van de Wiel (1981)
to relate possibly to the low levels of oestradiol at this stage of the cycle;
the data of Edwards (1980) shown in Figure 8.4 which indicate that in the
pig this post-ovulatory rise in FSH secretion can be inhibited by oestradiol
are consistent with this hypothesis. However, the presence of an ovarian
'inhibin' within porcine follicular fluid has also been extensively
documented (Channing, 1979) and the removal of this source of inhibin at
the time of ovulation has also been postulated to be the trigger for a rise in
FSH in the immediate post-ovulatory period; in view of the specific
feedback of inhibin on FSH secretion this would provide a more satisfac-
tory explanation for the lack of an LH response at this time. Evidence for a
pituitary site of action for inhibin from porcine follicular fluid has also been
reviewed (Channing, 1979).

The biological significance of this post-ovulatory rise in FSH has been
the subject of considerable speculation and at least in short-cycle species
has been associated with the recruitment of the crop of follicles destined to
ovulate at the subsequent oestrus (Schwartz, 1979). Whether this applies to
long-cycle species such as the pig needs to be examined, although recent
data from a small number of sows treated with oestradiol benzoate after
weaning showed that even if these animals failed to conceive at the first
post-treatment oestrus, they still returned to heat 21 days later. Thus, the
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presence of the post-ovulatory FSH rise is not an absolute requirement for
subsequent follicular development. At the intra-ovarian level ovulation
may also be associated with the removal of a non-steroidal luteinization
inhibitor also shown to be present in porcine follicular fluid (Channing,
1979).

Following the immediate post-ovulatory period the rising levels of
progesterone are associated with a stabilization of, and generally a slight
decline in, FSH secretion (Vandalem et al., 1979; Edwards, 1980; Van de
Wiel et al., 1981; see Figure 8.4). Over the same period there is the gradual
development of episodic LH release of increasing amplitude and decreas-
ing frequency, an effect that is considered to be a consequence of, rather
than a stimulus for, the rising levels of peripheral progesterone (Foxcroft,
1978).

The rise in pre-ovulatory gonadotrophins has also been reported to be
coincident with an increase in prolactin secretion by both Wilfinger (1974)
and Van de Wiel et al. (1981). Although the role of prolactin at this time is
uncertain the latter authors suggest a possible involvement in the endo-
crine trigger for the development of behavioural oestrus.

Conclusions

A consideration of even the limited amount of literature reviewed in this
Chapter serves to illustrate the complexity of changes at all levels of the
reproductive axis that may contribute to the endocrine control of the
oestrous cycle. In many cases, however, critical experimental evidence is
required to confirm what initially seem to be plausible functional interrela-
tionships between the different hormones. Even if specific hormones are
shown to be interdependent, the question still remains as to whether such
changes are of direct consequence to the control of ovarian function.

An attempt to identify the possible critical regulators of cyclic ovarian
function will, however, be made with particular reference to the recent
data of Van de Wiel et al. (1979) and Van de Wiel and Pierantoni (personal
communication), which describe the response of the pituitary to luteinizing
hormone releasing hormone (LHRH) stimulation at different stages of the
oestrous cycle (see Figure 8.5).

The dominant regulators of the pig oestrous cycle appear to be those
factors that maintain the corpus luteum and in consequence block the
final stages of follicular growth and steroidogenesis.
A requirement for luteotrophic support for the corpora lutea early in
the oestrous cycle remains unresolved, but as a decline in luteal
activity as early as day 10-12 of the cycle has been associated with
changes in LH receptor levels, receptor inhibitory factors and in-
creases in PGF production, LH support may be critical at this time.
No characteristic change in the pattern of LH secretion is obvious at
the onset of luteal regression and LH secretion may be directly
modulated by the feedback effects of progesterone, which only shows
a latent decline on days 15-18 of the cycle. However both FSH basal
levels and LHRH-induced LH and FSH responses are reported to
decline before the fall in circulating progesterone (see Figure 8.5). This
suggests that the pituitary may gradually become unresponsive as a
result of the continuous secretion of progesterone during the luteal
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phase of the cycle (similar to the long-term effects of progesterone
during pregnancy) or that another ovarian factor, possibly oestrogen,
controls such changes at the hypothalamic—pituitary level. The trigger
for luteal regression appears, however, to originate at the utero-
ovarian level with little evidence for the involvement of a critical
change in the gonadotrophic stimulus received from the pituitary.
The block to continued follicular development and oestradiol secretion
can be directly related to the presence of high progesterone levels in
the circulation. The removal of this block could have effects at two
levels of the reproductive axis. At the hypothalamic—pituitary level
characteristic changes in the pattern of LH and FSH secretion occur,
coincident with a period of enhanced prolactin release. It should be
emphasized, however, that the nature of the change in gonadotrophin
secretion involves a substantial decline in total secretion which may
not appear to be consistent with the observation of an increase in
gonadotrophin secretion as the usual trigger for gonadal development.
Nevertheless the changes in LH/FSH release could result either in a
particular pattern of episodic LH secretion and/or the achievement of
a particular LH:FSH ratio that is of functional significance. Alterna-
tively the withdrawal of progesterone at the ovarian level may remove
an inhibition of one or more intra-ovarian factors which are known to
be critical for the initiation of late follicular growth and steroidogene-
sis. Whatever the mechanisms involved, either one or both of these
changes probably initially results in enhanced follicular secretion of
oestradiol; this is then responsible for initiating a sequence of changes
mainly regulated at the intra-ovarian level culminating in follicular
growth, a rise in circulating oestrogen and oocyte maturation.
The oestrogen-induced surge of gonadotrophins usually involves both
LH and FSH with a coincident rise in prolactin, followed in the
immediate post-ovulatory period by an increase in FSH secretion
alone. The LH surge directly induces intrafollicular changes leading to
the luteinization of the granulosa cells and indirectly by causing
ovulation, removes inhibitory effects at both the ovarian and pituitary
level of a number of steroidal and non-steroidal regulators of follicular
fluid origin. The biological significance of both the pre-ovulatory and
post-ovulatory rises in FSH is uncertain.
During the follicular phase of the cycle the initial inhibition and
subsequent enhancement of both LH and FSH responses to LHRH is
consistent with the hypothesis that changes in pituitary sensitivity play
a major role in the control of the surge secretion of gonadotrophins.
Furthermore the marked suppression of LH and LHRH-induced LH
responses during the initial inhibitory period of oestrogen feedback,
and the overall characterisitcs of the LH surge, are in considerable
contrast to the pattern of endocrine changes observed in other large
domestic species and may be of physiological significance.
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