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Abstract – The existence of short ovulatory cycles (5-day duration) after the first male-induced
ovulations in anovulatory ewes and goats, associated or not with the appearance of oestrous be-
haviour, is the origin of the two-peak abnormal distribution of parturitions after the “male effect”.
We propose here a working hypothesis to explain the presence of these short cycles. The male-effect
is efficient during anoestrus, when follicles contain granulosa cells of lower quality than during the
breeding season. They generate corpora lutea (CL) with a lower proportion of large luteal cells com-
pared to small cells, which secrete less progesterone, compared to what is observed in the breeding
season cycle. This is probably not sufficient to block prostaglandin synthesis in the endometrial cells
of the uterus at the time when the responsiveness to prostaglandins of the new-formed CL is initiated
and, in parallel, to centrally reduce LH pulsatility. This LH pulsatility stimulates a new wave of fol-
licles secreting oestradiol which, in turn, stimulates prostaglandin synthesis and provokes luteolysis
and new ovulation(s). The occurrence of a new follicular wave on days 3–4 of the first male-induced
cycle and the initiation of the responsiveness to prostaglandins of the CL from day 3 of the oestrous
cycle are probably the key elements which ensure such regularity in the duration of the short cycles.
Exogenous progesterone injection suppresses short cycles, probably not by delaying ovulation time,
but rather by blocking prostaglandin synthesis, thus impairing luteolysis. The existence, or not, of
oestrous behaviour associated to these ovulatory events mainly varies with species: ewes, compared
to does, require a more intense endogenous progesterone priming; only ovulations preceded by
normal cycles are associated with oestrous behaviour. Thus, the precise and delicate mechanism
underlying the existence of short ovulatory and oestrous cycles induced by the male effect appears
to be dependent on the various levels of the hypothalamo-pituitary-ovario-uterine axis.

male-effect / ovulation / corpus luteum / cycle / oestrus / uterus

1. INTRODUCTION

The existence of a two-peak abnormal
distribution of lambing and kidding five
months after the re-introduction of males
in sheep and goat flocks, was described
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very early in the literature. In the 19th cen-
tury, Girard [1], presented this technique
as “being able to fertilise all adult ewes of
the flock in the shortest time possible”. Un-
derwood et al. [2] in ewes and Shelton [3]
in goats carefully described the distribu-
tion of lambing and kidding induced by the
voluntary re-introduction of males. They
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suggested that this re-introduction prob-
ably provoked induction of synchronous
ovulations and oestrous behaviour, being
able to induce such synchronisations of
parturitions. However, the existence, in
both species, of two peaks of lambing
and/or kidding, clearly separated by some
days, suggested that the underlying physi-
ological mechanisms were probably not so
simple.

Many authors have decorticated the
short, medium and long-term response to
the male effect conducing to a rationali-
sation in the understanding of female re-
sponses (see reviews in sheep [4–7], in
goats [8–10]). However, to our knowledge,
in spite of these important advances, the
general mechanism to explain the exis-
tence of an abnormal (i.e. short) cycle after
the first male-induced ovulation has not
been carefully described, especially to ex-
plain the very constant duration of the short
cycles and why some females experience
it and other ones do not. The objective of
the present review was to propose a work-
ing hypothesis for a global explanation of
the underlying physiological mechanisms
controlling these short cycles. It is now
clear that a subtle dialogue between the
hypothalamus-pituitary axis, the ovary and
the uterus is probably responsible for the
appearance and constant duration of these
short cycles. We will also try to replace,
within this global description, the mech-
anisms by which exogenous progesterone
(P4) or progestagens are able to completely
suppress short cycles and to provide a ra-
tionale explanation for the existence or not
of oestrous behaviour associated with in-
duced ovulations.

Thus, after a description of classical
ovulatory and oestrous responses to the
male effect in sheep and goats, we will fo-
cus on various experiments performed to
demonstrate the implication of the differ-
ent levels of the hypothalamus-pituitary-
ovarian-uterine axis in the generation of

short cycles, and on the effects of P4 in-
jections which suppress the short cycle.

2. OVULATORY AND OESTROUS
RESPONSE TO THE MALE
EFFECT

In both species, immediately after in-
troduction of males (Day 0, D0), LH pul-
satility increases and remains elevated if
the male remains present among females in
the flock. The gonadotropin stimulation of
the ovarian follicles provokes an increase
in plasma oestradiol 17 β (E2) pulsatil-
ity, which centrally triggers the onset of
the preovulatory surge of LH, around 20 h
after D0, and females ovulate before D3
after introduction of males. The percent-
age of females ovulating is generally high
(> 85%) all year round in Mediterranean
breeds, or about one month and a half be-
fore and/or after the breeding season, in
more seasonal breeds. In responding fe-
males, the delay between the introduction
of males and ovulation is modulated by the
intensity of anoestrus (indirectly estimated
by the percentage of females cycling be-
fore D0).

If females are not mated by an entire
male in the following days after intro-
duction (especially in goats), a very spe-
cific pattern of ovulations and oestrous
behaviour is observed afterwards (Fig. 1).

After the first male-induced ovulation,
in one part of the females the corpora lutea
(CL) develop and secrete P4 during the
normal duration, leading to a second ovu-
lation around day 19 in ewes and 23 in
goats. The second group of females expe-
rience a very early luteolysis, after only
1.5 days (i.e. D4–D5) of low P4 secretion
in the blood of the systemic circulation (be-
tween 0.5 and 1 ng.mL−1, Fig. 2). After
this short cycle of highly constant dura-
tion (5–6 days) in both species, these latter
females re-ovulate a second time around
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Figure 1. Schematic repre-
sentation of the ovulatory and
oestrous responses of ewes
and goats to the male-effect
(adapted from Thimonier
et al., [6], for ewes). Int.,
P1, P2 and P3 varied with
“intensity of anestrus”.

Figure 2. Plasma pro-
gesterone in Creole goats
experiencing short lifespan
and normal corpora lutea after
introduction of bucks (adapted
from Chemineau et al. [18]).
First and second ovulation are
indicated.

6–9 days after introduction of males. This
second ovulation is always followed by a
cycle of normal duration and females re-
ovulate again around day 25 in ewes and
29 in goats.

In both species, the percentage of fe-
males experiencing short cycles among re-
sponding females varies with the depth of
anoestrus and is modulated by body con-

dition and/or previous nutrition of females.
A significant negative relationship was ob-
served between the percentage of females
cycling before male introduction and the
percentage of females experiencing a short
male-induced cycle in both species (ewes
[11], goats [12]). The frequency of short
cycles is significantly higher in Barbarine
ewes which have been underfed around
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lambing, 5 months before introduction of
rams, than in females correctly fed (67 vs.
21 %, 13). Interestingly, this negative effect
of underfeeding is not compensated for by
a “flushing” applied during the 3 weeks
before introduction of males, in spite of a
significant increase in ram-induced ovula-
tion rate (1.31 vs. 1.65 [13]).

The very specific pattern of response
of these two groups of females after D0,
one experiencing a normal cycle and the
other one a short then a normal cycle after
the first male-induced ovulation, is compli-
cated by the variability in the expression
of oestrous behaviour at each one of these
ovulation times. This expression depends
mainly on the species and on the previous
priming by P4.

In ewes, which require a sufficient pres-
ence of endogenous P4 so that E2 may be
able to trigger oestrous behaviour [14], no
oestrous behaviour is generally observed at
any ovulation if not preceded by a luteal
phase of normal duration [11, 15]. Thus,
first induced ovulation is never associated
with oestrus, and in the group of ewes ex-
periencing a short luteal phase, oestrus is
not observed at the second one. On the con-
trary, oestrous behaviour is observed at the
second induced ovulation in ewes experi-
encing a normal cycle and at the third one
in ewes experiencing short cycles. This sit-
uation explains the two peaks of oestrous
behaviour observed around days 18–20
and 24–26 in ewes [6].

In goats, which do not require such
priming [16], about 60% of the females
show oestrous behaviour as early as the
first male-induced ovulation (i.e. D2–D4)
and almost all females show oestrus at the
second one, around D8–D10 (group ex-
periencing a short cycle) or D23 (group
experiencing a normal cycle). This ex-
plains the difference between species when
watching at the time schedule of distribu-
tion of oestrus after introduction of males.
The expression of oestrous behaviour also
varies with anoestrous intensity, especially

in goats: in deep anoestrus, fewer females
experience oestrus at the first ovulation
[12].

Of course, in field conditions, it fre-
quently occurs that the flock is consti-
tuted of a mixture of females previously in
anoestrus (which respond as exposed ear-
lier) and of already cycling females. Thus,
the situation described above is compli-
cated by the presence of these latter fe-
males which show oestrus between day 0
and 17 after introduction of males. Thus,
in flocks where around 50% of the females
are cycling on D0, it may be difficult to
clearly see the response of anovulatory fe-
males to the introduction of males.

The duration of this first male-induced
ovulatory cycle is remarquably constant in
both species and between breeds within
each species. In other situations where
short cycles are also observed, like resump-
tion of post-partum activity or onset of
puberty, the duration of these short cycles
is not as constant as it is after induction by
the males.

The intriguing question of this constant
duration of the male-induced short cycle
and of the reason why some females are
experiencing it while other ones show a cy-
cle of normal duration were not explored
completely. One reason of the few number
of experiments done so far could be that
adequately designed experiments are dif-
ficult to perform in this field. But various
experiments were done in this area and we
propose hereafter a working hypothesis for
the underlying mechanisms involved. One
interesting point to mention, coming from
the laparoscopic examinations performed
on the male effect, is that one given ewe
doing twin ovulations, experiences either a
normal cycle, or a short cycle on both CL,
but quite never one short CL and one nor-
mal CL. Thus, this strongly suggests the
existence of a general control of cycle du-
ration, involving the general physiology of
females.
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Figure 3. Jugular plasma progesterone in Pre-
alpe ewes induced by the male effect during
anestrus season or cyclic during the breeding
season (adapted from Chemineau et al. [19]).

3. IMPORTANCE OF THE CL
CHARACTERISTICS ISSUED
FROM MALE-INDUCED
OVULATIONS

Systemic plasma P4 concentrations
were initially described as being roughly
identical between females experiencing
normal cycles and those showing short
cycles up to D4–D5, after which luteoly-
sis occurs in the latter group (ewes [17],
goats [18], Fig. 2). However, when care-
fully comparing the evolution of plasma P4
between Prealpe ewes FGA-treated during
the breeding season (BS ewes) and male-
induced ewes (MI ewes) during anoestrus
(Fig. 3, [19]), or between Barbarine ewes
experiencing normal vs. short cycles (11),
a significant difference appeared at day 4
after the LH surge or D5–D6, i.e. immedi-
ately prior to luteolysis in short-cycle fe-
males for which ovulation was induced by
males. This difference is always in favour
of normal CL which secrete more P4 than
short-lifespan CL. The fact that various au-
thors did not find significant differences
may also originate from the fact that ovu-
lation rate may vary from one female to
another.

This difference, when observed, is very
probably due to substantial differences in
CL composition and function. When Pre-
alpe ewes previously synchronised by an

Figure 4. Percentage of large and small
luteal cells and progesterone secretion by
corpora lutea collected in male-induced ver-
sus breeding-season ewes (adapted from
Chemineau et al. [19]).

FGA treatment during the breeding season
(BS ewes) were compared to male-induced
ewes (MI ewes) during anoestrus, their in-
dividual CL surgically collected 82 h after
the LH surge from twin CL, had the same
weight but contained a higher proportion
of large luteal cells (139.1 vs. 142.1 mg
and 25 vs. 11%, in BS vs. MI ewes, respec-
tively, Fig. 4 [19]). These large luteal cells,
which at this stage of the cycle derivate
directly from granulosa cells of the pre-
ovulatory follicle, secrete the majority of
P4. On the contrary, the small luteal cells,
which derivate from thecal cells of the fol-
licle, secrete the minority of P4 released
by the CL in the blood [20–27]. In vitro,
these BS-ewe CL, after enzymatic disper-
sion, secrete a higher quantity of P4 than
MI-ewe CL in the absence of any LH
stimulation (13.8 vs. 7.3 ng/105 cells/3 h
[19]). In this experiment, P4 in vitro secre-
tion of MI-ewe CL collected from females
in which the twin CL left intact was of
short duration, seems lower than that of
CL collected from females in which the re-
maining CL was of normal duration (2.9
vs. 10.3 ng/105 cells/3 h respectively), but
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the low number of samples (3 vs. 2) im-
paired any statistical comparison.

Thus, it is very probable that the cellular
composition of the CL at this early stage of
its development, reflects either the cellular
composition of the follicle when recruited
by the sudden introduction of males, or the
changes which occurred within the CL be-
tween the onset of luteinisation and day 4.
Thus, the difference observed here between
the two groups in the ratio of large/small
luteal cells could either reflect a similar
difference in the granulosa/thecal cell ratio
of the preovulatory follicle, or may reveal
a difference in the processes of develop-
ment of the large and/or small luteal cells
between D0 and D4. The hypothesis of
a seasonal difference in follicular compo-
sition is not supported by the results of
Cahill et al. [28, 29] who did not find any
difference in granulosa cell content of the
follicle of the breeding season compared to
the anoestrous season. On the contrary, the
hypothesis of a difference in the evolution
of the luteal cells between D0 and D4 is
supported by the description of an inade-
quate luteal function due to poor response
to the LH surge during the final maturation
of the anoestrous follicle in ewes [30, 32].
In rats and women, if intrafollicular con-
centration of P4 is low, luteal development
is abnormal [33]. In the few hours follow-
ing the LH surge, P4 may act to mediate, as
a paracrine factor, the survival rate of gran-
ulosa cells [34] and luteinisation of these
cells [35]. This abnormal evolution of the
follicular cells into luteal cells may be rein-
forced by the poor quality of the granulosa
cells at male introduction, as reflected by
poor oestradiol secretion compared to P4-
treated ewes (Cognie Y and Oldham CM
personal communication).

All experiments done after the male ef-
fect measured plasma P4 concentrations in
the jugular vein, but it is known in various
species that it is much lower than that of
the uterine and ovarian arteries (2.35 times
lower in humans [36], sows [37, 38], re-

view [39]). Thus it is very probable that the
small difference at day 4 between females
which will experience a short cycle and
females which will experience a normal
one are dramatically amplified in the blood
supplying the uterus and the ovary itself.
This may have profound consequences on
the chain leading to prostaglandin and oxy-
tocin liberations (see below).

During the early luteal phase of the
cycle, between days 3 and 9 of the goat oe-
strous cycle, LH is liberated in a pulsatile
manner with a frequency that is strongly
associated with plasma P4 concentration of
luteal origin (r = −0.97 [40]). Thus, the
low P4 plasma levels observed here may
be responsible for an insufficient negative
feed-back on the central nervous system
controlling the frequency of LH pulses.
Unfortunately, to our knowledge, only one
experiment has been done in this area,
reporting that the observed difference in
P4 plasma concentrations between short-
lifespan and normal CL at around D4, does
not provoke a significant difference in LH
pulsatility [11]. This is probably due to
the difficulty of measuring differences in
this parameter which imposes using a quite
large number of ewes sampled during suf-
ficient durations.

As stated earlier, it is possible to ma-
nipulate on a long-term basis (months) the
frequency of short cycles induced by the
male [11, 15]. This has been done quite
extensively in Barbarine ewes and it was
demonstrated that this long-term regula-
tion of body condition not only changes
this frequency, but also changes the abil-
ity of the short-lifespan CL to synthesise
and secrete P4 after introduction of rams:
amongst ewes experiencing short cycles,
underfed females had lower P4 plasma
concentrations on Days 5–6 compared to
well-fed ewes [11]. This suggests that
these underfed Barbarine ewes had their
CL constituted of a lower large/small luteal
cell ratio than those of wellfed-ewe CL.
More recently, it was demonstrated in Rasa
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Aragonesa ewes that previous treatment
with a sub-cutaneous melatonin implant
modifies the frequency of short cycles af-
ter introduction of rams. A majority of the
treated ewes exhibited a cycle of normal
duration (80%), whereas 52% of the un-
treated ewes exhibited a short cycle after
the introduction of rams [41]. However,
in more strongly seasonal breeds, such as
Alpine and Saanen goats, under conditions
when most of the animals develop short cy-
cles after the male effect, melatonin treat-
ments do not modify the percentage of
goats experiencing a short luteal phase [42]
or the distribution of parturitions [43].

4. IMPORTANCE OF THE UTERUS
AND PROSTAGLANDINS, AND
OF THE OVARIAN FOLLICLES
AND E2

Classically, at the end of a normal cy-
cle, prostaglandin (PGF) secretion from
the endometrial cells of the uterus induces
luteolysis which provokes the triggering of
a new cycle. This secretion is controlled by
the ovarian secretion of E2 coming from
the new wave of follicles. The same phe-
nomenon acts to control early luteolysis
after male-induced ovulation.

Hysterectomy completely prevents the
appearance of short cycles after introduc-
tion of males in ewes and leads to the
maintenance of CL over a long period of
time. In Prealpes and Barbarine ewes, hys-
terectomy does not modify the percentage
of ewes ovulating after the introduction of
rams, and completely prevented luteolysis
of ram-induced CL compared to control
ewes: 0 vs. 50% in Prealpes and 78% in
Barbarine ewes, respectively [19, 44].

The involvement of PGF in early re-
gression of corpora lutea induced by the
ram effect was extensively studied in Bar-
barine ewes. Intra-uterine injection of in-
dometacin, a specific inhibitor of PGF
synthesis, on days 2, 3 and 4 after in-

troduction of rams, significantly increased
P4 plasma concentrations on Days 4–5,
and significantly reduced the frequency of
short cycles compared to control ewes but
not completely suppressed them (71 vs.
43%, respectively [45]). The i.m. injection
of a more potent PGF2 alpha synthetase in-
hibitor (finadyne) every 12 h from D3 to
D6, significantly decreased 13-14-dihydro-
15-keto-PGF2 α (PGFM) pulses (1.3 vs.
0.4 pulses), and reduced the frequency of
short cycles (50 vs. 14% [44]). Thus, as
early as D3, that is when CL are just sensi-
tive to PGF [46], a part of the females have
their male-induced CL which is luteolysed
by uterine prostaglandins.

It was, consequently, interesting to ex-
plore if PGF secretion is, as it is during
a normal cycle, under the control of E2
secretion by the ovarian follicles. In Bar-
barine ewes, surgical destruction by cau-
terisation of the largest follicles visible at
the surface of the ovary at D3, in spite of
an absence of effect on PGFM secretion
and on LH pulsatility at D4, completely
suppresses short-lifespan CL, while E2 in-
jection in females with cauterised follicles
induces a complete restoration of short cy-
cles, compared to control females (0, 100
and 50% of short cycles, respectively [11]).

Thus, the same mechanisms regarding
the PGF synthesis and liberation by the
uterus under oestrogenic control of the
ovary as in normal cycles are in place and
seem to work, except that luteolysis occurs
much earlier than in normal cycles. The
fact that the new wave of follicles grow-
ing around D3–D4 after the first induced
ovulation, at the time when the responsive-
ness to prostaglandins of the new-formed
CL is initiated, seems to control this part
of the system, may be a comprehensive ex-
planation to the very constant duration of
the short male-induced cycle. It is known
that follicular waves in sheep and goats
(as in cattle) are working on a very pre-
cise time-scale basis, emerging generally
at 5–7 day intervals and being associated



424 P. Chemineau et al.

to one E2 peak (review [47], goats [48–50],
ewes [51–53]). Three E2 peaks occur in the
plasma during the oestrus cycle [54]. The
first E2 peak in ewes, at around 3–4 days of
the cycle [55], could be the peak responsi-
ble for the early luteolysis of short-lifespan
CL.

5. HOW EXOGENOUS P4 ACTS
TO COMPLETELY SUPPRESS
SHORT CYCLES? IS THIS
WORKING FOR ENDOGENOUS
P4 FROM THE EARLY CL?

Progesterone injections (or progestagen
treatments) were described very early as
being able to completely suppress short-
lifespan CL and were demonstrated to
achieve a better synchronisation of oe-
strous behaviour in one peak instead of two
after introduction of males. These exper-
iments were also interesting tools which
provided arguments for the hypotheses
raised to explain the existence of these
short cycles.

Most experiments were done injecting
the adequate doses of P4 (i.e. 20 mg per
ewe) at exactly the same time as the intro-
duction of males. This provokes an impor-
tant delay in the post-introduction events:
LH surge and subsequent ovulations are
delayed from 24 to 72 h, depending on the
experiments [5, 17, 56, 57]. This was also
demonstrated in goats [58, 59]. The con-
comitant suppression of short-lifespan CL
and of enlargement of the interval, intro-
duction of male- LH preovulatory surge,
led to the proposition that the existence
of these short-lifespan CL is due to an
insufficient follicle maturation before ovu-
lation [57]. This hypothesis is reinforced
by the fact that an early induction of pre-
mature ovulations using GnRH injections
in P4 treated ewes, restores short-lifespan
CL [11,17]. The hypothesis of a longer du-
ration of the follicular phase in females ex-
periencing a normal lifespan CL duration

has also been proposed based on a differ-
ence in the timing of the LH surge after
introduction of rams in a limited number
of ewes [5, 17]. But very few experiments
or observations have been done.

However, three groups of results do not
favour this hypothesis. (a) In spite of a
quite large number of experiments and
measurements in untreated ewes, the asso-
ciation between the duration of the follicu-
lar phase and the duration of ram-induced
CL was not demonstrated: ewes showing
a long duration of the interval between
the introduction of the males and ovulation
were not those experiencing normal cycles
(20.9 ± 11.2 vs. 14.2 ± 6.9 h, in 12 and
22 Barbarine ewes experiencing short vs.
normal cycles, respectively [11]. (b) The
injection of P4 (or progestagen treatment)
performed some days (3–5) before intro-
duction of rams had the same effect on
suppression of short-lifespan CL, but did
not delay the interval between male in-
troduction and LH surge [5]. (c) A single
injection of P4 in GnRH treated ewes with-
out the ram effect, is able to restore CL of
normal life span on the contrary to control
ewes with no P4 treatment [30, 60]. Thus,
the initial hypothesis of an enlargement of
the duration of the follicular phase after
P4 treatment is probably not adequate and
suggests that other mechanisms are work-
ing at the ovarian and/or uterine levels.

More recently, experiments performed
in Barbarine ewes to identify the sites of
P4 action, the minimal efficient doses and
duration of P4 treatments and the effects of
P4 injection on uterine PGF synthesis and
release and on oxytocin plasma concentra-
tions [11] has provided interesting results
on the doses of P4 and on the role of the
uterus.

One single 2.5 mg injection of P4 intra-
muscularly (im) or in the uterine lumen (iu)
at D0 did not modify the frequency of short
cycles compared to control ewes (40, 57
vs. 71% in iu, im and control ewes, respec-
tively) and did not restore normal luteal
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function as 20 mg im did (1% of short
cycles [11]). The efficiency of the mini-
mal doses described previously (20 mg in
one single injection) is due to the duration
of the presence of P4 rather than to the
P4 quantity: two subsequent intramuscu-
lar injections of 2.5 mg, at the introduction
of rams and 6 h later, completely sup-
press short-lifespan CL compared to con-
trol ewes (0, 73%, respectively) and is as
efficient as a single 20 mg im injection (0%
[11]).

Measurement of PGF metabolite PGFM
secretion and plasma oxytocin in ewes with
cauterised follicles 48 h after ram-induced
ovulation, receiving E2 injection 24 h af-
ter cauterisation, but treated or not with
20 mg P4 im at D0 (in comparison with
control ewes C) revealed that P4 treatment
(a) highly significantly impaired PGFM se-
cretion from the uterus at D5: 21.9, 34.5
and 8.1 pgm.mL−1 of plasma and 3.6, 3.2
and 2.2 pulses in 14 h, in C, -P4 and +P4,
respectively, (b) significantly reduced oxy-
tocin secretion: 14.2 and 12.9 pg.mL−1 of
plasma in –P4 and +P4 ewes, respectively
[11]. Thus, the classical P4 treatment dra-
matically acts upon the uterine secretion of
PGF to reduce it and probably also reduces
plasma oxytocin (which could be of ovar-
ian origin). This reinforces the hypothesis
of a local effect of P4 on the uterus and/or
the ovary rather than a central effect to de-
lay the LH surge.

However, these observations were done
after exogenous injections of robust doses
of P4 and it remains to demonstrate that
natural progesterone of the early CL via
counter-current mechanisms and/or gen-
eral circulation, may be able to participate
directly in the inhibition of PGF secretion
and of oxytocin synthesis and liberation.
This is suggested by the fact that more
“physiological” doses of P4 (i.e. 2.5 mg in
two injections) also provide the same re-
sults on duration of ram-induced cycles.

6. CONCLUSION

Taken together, these results allow
building a working hypothesis to explain
the reason(s) why short-lifespan CL are
observed after introduction of rams and
bucks (Fig. 5). The sequential mecha-
nisms involved in the appearance of short-
lifespan CL after introduction of rams dur-
ing anoestrus could be the following:

(1) The follicles induced to ovulate
are of poor quality because of the un-
sustained long-term gonadotropin activity
during anoestrus. These follicles especially
present a low granulosa cell quality com-
pared to follicles developing during the
breeding season.

(2) CL developed from these follicles
have an abnormal development leading to
an insufficient proportion of large luteal
cells, and thus secrete lower quantities of
progesterone conducing to lower concen-
trations in the blood of the ovarian vein and
in the general circulation.

(3) The counter-current mechanisms
acting locally amplifies the difference in P4
concentration in the uterine and ovarian ar-
teries.

(4) Due to these insufficient P4 concen-
trations reaching the ovary and the uterus,
the chain responsible for oxytocin and PGF
liberations is more sensitive to estrogens.

(5) The plasma progesterone concentra-
tion of general circulation is insufficient to
block the gonadotropin activity on days 3–
5 after the LH surge.

(6) The new wave of follicles initiated
on days 3–4 of the first male-induced cy-
cle continues to grow and to secrete more
oestrogens. The corpus luteum initiates its
responsiveness to prostaglandins.

(7) These estrogens stimulate prostag-
landin secretion by the uterus and oxytocin
liberation from the CL, thus causing early
luteolysis.
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Figure 5. Working hypothesis for a global explanation of the underlying mechanisms controlling
the lifespan of male-induced copora lutea in sheep and goats: the 7 sequential events leading from
low quality follicles of anestrus to early luteolysis at day 5 after introduction of males. (1) Low
quality of granulosa cells in follicles during anestrus at D0, (2) low proportion of large/small luteal
cells in induced CL at D5: low P4 concentration in the ovarian vein, (3) amplification of low P4
concentration in uterine and ovarian arteries by counter-current mechanisms, (4) high sensitivity of
oxytocin and PGF chain to E2, (5) systemic plasma P4 insufficient to centrally block LH pulsatility,
(6) high LH pulsatility stimulates the growth of the new follicular wave which started at D0, (7) E2
stimulates PGF and oxytocin which produce early luteolysis.



Short cycles after the male effect 427

REFERENCES

[1] Girard L. Moyens employés avec succès, par
M. Morel de Vindé, Membre de la Société
d’Agriculture de Seine et Oise, pour obtenir,
dans le temps le plus court possible, la fé-
condation du plus grand nombre des bre-
bis portières d’un troupeau. Ephémérides de
la Société d’Agriculture du Département de
l’Indre pour l’An 1813, Séance du 5 septem-
bre, Chateauroux, Département de l’Indre,
France, 1813, Cahier VII : 66–68.

[2] Underwood EJ, Shier FL, Davenport N.
Studies in Sheep husbandry in Western
Australia. V. The breeding season of Merino
crossbred and British Breed ewes in the
Agricultural districts. J Dep Agric West Aust
1944, 11: 135–143.

[3] Shelton M. The influence of the presence of
the male goat on the initiation of oestrous cy-
cling and ovulation in Angora does. J Anim
Sci 1960, 19: 368–375.

[4] Signoret JP. Effet de la présence du mâle
sur les mécanismes de reproduction de la
femelle des mammifères. Reprod Nutr Dev
1980, 20: 1457–1468.

[5] Martin GB, Oldham CM, Cognié Y, Pearce
DT. The physiological responses of anovu-
latory ewes to the introduction of rams – a
review. Livest Prod Sci 1986, 15: 219–247.

[6] Thimonier J, Cognié Y, Lassoued N, Khaldi
G. L’effet mâle chez les ovins : une technique
actuelle de maîtrise de la reproduction. Prod
Anim 2000, 13: 223–231.

[7] Ungerfeld R, Forsberg M, Rubianes E.
Overview of the response of anoestrous ewes
to the ram effect. Reprod Fertil Dev 2004, 16:
479–490.

[8] Chemineau P. Possibilities for using bucks
to stimulate ovarian and oestrous cycles in
anovulatory goats. A review. Livest Prod Sci
1987, 17: 135–147.

[9] Chemineau P. L’effet bouc : mode d’action et
efficacité pour stimuler la reproduction des
chèvres en anoestrus. Prod Anim 1989, 2:
97–104.

[10] Walkden-Brown SW, Martin GB, Restall BJ.
Role of male-female interactions in regu-
lating reproduction in sheep and goats. J
Reprod Fertil Suppl 1999, 54: 243–257.

[11] Lassoued N. Induction de l’ovulation
par “effet bélier” chez les brebis de
race Barbarine en anoestrus saisonnier.
Mécanismes impliqués dans l’existence du

cycle ovulatoire de courte durée. PhD thesis,
Univ Tunis II, 1998, pp. 190.

[12] Chemineau P. Effect on oestrus and ovulation
of exposing creole goats to the male at three
times of the year. J Reprod Fertil 1983, 67:
65–72.

[13] Khaldi G, Lassoued N. Interactions
nutrition-reproduction chez les petits
ruminants en milieu méditerranéen. Proc
International Symposium on Nuclear and
Related Techniques in Animal Production
and Health. AIEA/FAO, 15–19 April,
Vienna, 1991, 379–390.

[14] Robinson TJ. The estrous cycle of the
ewe and doe. In: HH Cole, PT Cupps
(Eds), Reproduction in domestic Animals,
Academic Press, New-York 1959, p 291–
333.

[15] Khaldi G. Variations saisonnières de
l’activité ovarienne, du comportement
d’oestrus et de la durée de l’anoestrus
post-partum des femelles ovines de race
Barbarine : influences du niveau alimentaire
et de la présence du mâle. Thèse Doctorat,
USTL, 1984, 168 pp.

[16] Sutherland SRD. Progesterone and estrogen
requirements for oestrous behaviour in goats
and sheep. Proc 4th AAAP Animal Science
Congress, Hamilton, New Zealand, Feb 1–6,
1987, p 227.

[17] Pearce DT, Martin GB, Oldham CM.
Corpora lutea with a short life-span induced
by rams in seasonally anovulatory ewes are
prevented by progesterone delaying the pre-
ovulatory surge of LH. J Reprod Fertil 1985,
75: 79–84.

[18] Chemineau P, Poulin N, Cognie Y. Secrétion
de progestérone au cours du cycle induit par
l’introduction du mâle chez la chèvre créole
en anoestrus : effets de la saison. Reprod
Nutr Dev1984, 24: 557–561.

[19] Chemineau P, Daveau A, Locatelli A,
Maurice F. Ram-induced short luteal phases:
effects of hysterectomy and cellular compo-
sition of the corpus luteum. Reprod Nutr Dev
1993, 33: 253–261.

[20] Stouffer RL, Nixon WE, Gulyas BJ, Johnson
DK, Hodgen GD. In vitro evaluation of cor-
pus luteum function of cycling and pregnant
rhesus monkeys: progesterone production by
dispersed luteal cells. Steroids 1976, 27:
543–551.

[21] Lemon M, Loir M. Steroid release in vitro by
two luteal cell types in the corpus luteum of
the pregnant sow. J Endocr 1977, 72: 351–
359.



428 P. Chemineau et al.

[22] Lindsay DR, Cognié Y, Signoret JP. Méthode
simplifiée de maîtrise de l’oestrus chez la
brebis. Ann Zoot 1982, 31: 77–82.

[23] Rodgers RJ, O’Shea JD. Purification, mor-
phology and progesterone production and
content of three cell types isolated from the
corpus luteum of the sheep. Aust J Biol Sci
1982 35: 441–455.

[24] Rodgers RJ, O’Shea JD, Findlay JK.
Progesterone production in vitro by small
and large ovine luteal cells. J Reprod Fertil
1983, 69: 113–124.

[25] Fitz JA, Mayan MH, Sawyer HR, Niswender
GD. Characterization of two steroidogenic
cell types in the ovine corpus luteum. Biol
Reprod 1982, 27: 703–711.

[26] Alila HW, Hansel W. Origin of different cell
types in the bovine corpus luteum as char-
acterized by specific monoclonal antibodies.
Biol Reprod 1984, 31: 1015–1025.

[27] O’Shea JD, Rodgers RJ, Wright PJ.
Morphometric analysis and function in
vivo and in vitro of corpora lutea from
ewes treated with LHRH during seasonal
anoestrus. J Reprod Fertil 1984, 72: 75–85.

[28] Cahill LP. Studies of folliculogenesis in the
sheep. Thèse Doctorat, Univ Paris VI, 1978,
141 p.

[29] Cahill LP. Folliculogenesis in the sheep as
influenced by breed, season and oestrous
cycle. J Reprod Fertil Suppl 1981, 30: 135–
142.

[30] Hunter MG, Southee JA, McLeod BJ,
Haresign W. Progesterone pretreatment has a
direct effect on GnRH-induced preovulatory
follicles to determine their ability to develop
into normal corpora lutea in anoestrous ewes.
J Reprod Fertil 1986, 76: 349–363.

[31] Atkinson S, Williamson P. Ram-induced
growth of ovarian follicles and go-
nadotrophin inhibition in anoestrous
ewes. J Reprod Fertil 1985, 73: 185–189.

[32] Bramley TA, Stirling D, Menzies GS, Baird
DT. Copora lutea induced by GnRH treat-
ment of anoestrous Welsh Mountain ewes:
reduced sensitivity to LH in vivo and to hCG
in vitro. Reproduction 2005, 129: 61–73.

[33] Chaffin CL, Stouffer RL. Role of go-
nadotrophins and progesterone in the reg-
ulation of morphological remodelling and
atresia in the monkey peri-ovulatory follicle.
Hum Reprod 2000, 15: 2489–2495.

[34] Peluso JJ, Papalardo A. Progesterone and
cell-cell adhesion interact to regulate rat
granulosa cell apoptosis. Biochem Cell Biol
1994, 72: 547–551.

[35] Duffy DM, Hess DL, Stouffer RL. Acute ad-
ministration of a 3 beta-Hydroxysteroid
deshydrogenase inhibitor to Rhesus
Monkeys at the midluteal phase of the
menstrual cycle: evidence for possible
autocrine regulation of the primate corpus
luteum by progesterone. J Clin Endocrinol
Metab 1994, 79: 1587–1594.

[36] Cicinelli E, Einer-Jensen N, Cignarelli M,
Mangiacotti L, Luisi D, Schonauer S.
Preferential transfer of endogenous ovarian
steroid hormones to the uterus during both
the follicular and luteal phases. Hum Reprod
2004, 19: 2001–2004.

[37] Stefanczyk-Kryzmowska S, Skipor J,
Grzegorzewski W, Wasowska B,
Krzymowski T. Local increase of steroid
hormone concentrations in blood supplying
the uterus and oviduct in anaesthetized and
conscious gilts. Anim Reprod Sci 1994, 37:
35–41.

[38] Stefanczyk-Kryzmowska S, Grzegorzewski
W, Skipor J, Wasowska B, Krzymowski
T. Involvement of the adrenoceptors in the
ovarian vascular pedicle in the regulation of
counter current transfer of steroid hormones
to the arterial blood supplying the oviduct
and uterus. Br J Parmacol 1997, 120: 763–
768.

[39] Einer-Jensen N, Hunter RHF. Counter-
current transfer in reproductive biology.
Reproduction 2005, 129: 9–18.

[40] Sutherland SRD. Progesterone concentration
and pulsatile LH secretion during normal oe-
strous cycles in Angora-cross does. Proc 4th
AAAP Animal Science Congress, Hamilton,
New Zealand, Feb 1–6, 1987, p 246.

[41] Abecia JA, Palacin I, Forcada F, Valares JA.
The effect of melatonin treatment on the
ovarian response of ewes to the ram effect.
Domest Anim Endocrinol 2006, 31: 52–62.

[42] Chemineau P, Normant E, Ravault JP,
Thimonier J. Induction and persistence of
pituitary and ovarian activity in the out-of-
season lactating dairy goats after a treatment
combining a skeleton photoperiod, mela-
tonin and the male effect. J Reprod Fertil
1986, 78: 497–504.

[43] Pellicer-Rubio MT, Leboeuf B, Bernelas D,
Forgerit Y, Pougnard JL, Bonné JL, Senty
E, Chemineau P. Highly synchronous and
fertile reproductive activity induced by the
male effect during deep anoestrus in lactating
goats subjected to treatment with artificially
long days followed by a natural photoperiod.
Anim Reprod Sci 2006 (in press).



Short cycles after the male effect 429

[44] Lassoued N, Khaldi G, Chemineau P, Cognié
Y, Thimonier J. Role of the uterus in
early regression of corpora lutea induced
by the ram effect in seasonally anoestrous
Barbarine ewes. Reprod Nutr Dev 1997, 37:
559–571.

[45] Lassoued N, Khaldi G. Influence de
l’indométacine sur la durée du cycle ovarien
induit par effet mâle chez la brebis. Annals
INRAT, Tunis 1989, 62: 3–14.

[46] Acritopoulou S, Haresign W. Response of
ewes to a single injection of an analogue
of PGF-2α given at different stages of the
oestrous cycle. J Reprod Fertil 1980, 58:
219–223.

[47] Evans AC. Characteristics of ovarian follicle
development in domestic animals. Reprod
Domest Anim 2003, 38: 240–246.

[48] Rubianes E, Menchaca A. The pattern and
manipulation of ovarian follicular growth in
goats. Anim Reprod Sci 2003, 78: 271–287.

[49] Simoes J, Almeida JC, Valentim R, Baril
G, Azevedo J, Fontes P, Mascarenhas R.
Follicular dynamics in Serrana goats. Anim
Reprod Sci 2006 (in press).

[50] Medan MS, Watanabe G, Sasaki K, Groome
NP, Sharawy S, Taya K. Follicular and hor-
monal dynamics during the estrous cycle in
goats. J Reprod Dev 2005, 51: 455–463.

[51] Evans AC, Duffy P, Hynes N, Boland MP.
Waves of follicle development during the es-
trous cycle in sheep. Theriogenology 2000,
53: 699–715.

[52] Zieba DA, Murawski M, Schwarz T,
Wierzchos E. Pattern of follicular develop-
ment in high fecundity Olkuska ewes dur-
ing the estrous cycle. Reprod Biol 2002, 2:
39–58.

[53] Duggavathi R, Bartlewski PM, Barrett DM,
Rawlings NC. The temporal relationship be-
tween patterns of LH and FSH secretion, and
development of ovulatory-sized follicles dur-
ing the mid- to late-luteal phase of sheep.
Theriogenology 2005, 64: 393–407.

[54] Mattner PE, Braden AWH. secretion of
oestradiol-17 beta by the ovine ovary during
the luteal phase of the oestrous cycle in re-
lation to ovulation. J Reprod Fertil 1972, 28:
136–137.

[55] Souza CJH, Campbell BK, Baird DT.
Follicular dynamics and ovarian steroid se-
cretion in sheep during the follicular and
early luteal phases of the estrous cycle. Biol
Reprod 1997, 56: 483–488.

[56] Lindsay DR, Cognié Y, Signoret JP. Méthode
simplifiée de maîtrise de l’oestrus chez la
brebis. Ann Zootech 1982, 31: 77–82.

[57] Martin GB, Scaramuzzi RJ, Lindsay DR.
Induction of seasonally anovular ewes by the
introduction of rams: effects of progesterone
and active immunization against androstene-
dione. Aust J Biol Sci 1981, 34: 569–575.

[58] Chemineau P. Effects of a progestagen on
buck-induced short ovarian cycles in the cre-
ole meat goat. Anim Reprod Sci 1985, 9:
87–94.

[59] Lassoued N, Khaldi G, Cognié Y,
Chemineau P, Thimonier J. Effet de la
progestérone sur le taux d’ovulation et la
durée du cycle ovarien induits par effet
mâle chez la brebis Barbarine et la chèvre
locale tunisienne. Reprod Nutr Dev 1995,
35: 415–426.

[60] Hunter MG. Characteristics and causes of the
inadequate corpus luteum. J Reprod Fertil
Suppl 1991, 43: 91–99.

To access this journal online:
www.edpsciences.org




