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ABSTRACT
This work focused on the mechanisms that may cause multiple asynchronous ovulations and alter
normal ovarian function in order to characterize the high progesterone (P+) syndrome in rabbit does,
that, having abnormally high plasma progesterone concentration at the time of insemination, fail to
become pregnant. At different luteal stages, at either days 4, 9, or 13 of pseudopregnancy, induced by
GnRH injection (d-0), two groups of rabbits (n=5/group) were treated with saline or 0.8 µg GnRH.
Blood samples were collected from d-0 to d-26 of pseudopregnancy. At d-4, GnRH injection
prolonged (P<0.05) the functional CL life span by 3 to 4 d over that of controls. At d-9, GnRH caused
a transient decline (P<0.01) of progesterone for the following 3 d but, thereafter, increased again and
remained higher (P<0.01) than controls up to d-26. At d-13, progesterone fell to 1 ng/ml within one
day following GnRH, but then gradually increased. Based of these progesterone profiles, it can be
argued that, at both mid- and late-luteal phase, GnRH triggered luteolysis and induced ovulation
followed by the formation of a new generation of CL. For the in vitro study, CL, collected at days 4, 9,
and 13 of pseudopregnancy, were incubated with GnRH, GnRH-antagonist, PLA2 inhibitor, and PLC
inhibitor. GnRH decreased (P<0.01) progesterone secretion by d-9 and d-13 CL cultured in vitro; by
converse, GnRH antagonist, increased (P<0.01) progesterone release from d-4 CL. Co-incubation of
GnRH with GnRH antagonist increased (P<0.01) progesterone release in d-4 CL, but had an opposite
effect (P<0.01) on d-9 and d-13 CL. PLC inhibitor reversed the GnRH effects in both d-9 and d-13
CL, while PLA2 inhibitor did not change progesterone release. These data suggest that rabbit CL
express a functional receptor for GnRH, likely of type II, that utilizes the PLC post transductional
cascade. Luteal FSH-R and LH-R mRNA relative abundances did not differ between d-4 and d-9 CL,
but were two- to three-fold (P≤0.01) higher, respectively, at d-13. StAR mRNA was highly expressed
at d-4 of pseudopregnancy, but then markedly declined (P≤0.01) at d-9 and d-13. Taken together, our
results show that GnRH triggers i) functional regression when CL acquire luteolytic capacity from d 9
of pseudopregnancy onward, and ii) multiple asynchronous ovulations, thus partly explaining the P+
syndrome associated with the simultaneous coexistence of two population of “fresh” and “old” CL,
although not yet the underlying causes.
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INTRODUCTION
In rabbits, ovulation is a neuroendocrine reflex that is induced by mating or by exogenous
administration of either gonadotropin releasing hormone (GnRH) or human chorionic gonadotropin. In
the ovary of unmated or un-stimulated rabbits, therefore, functional corpora lutea (CL) should not be
present and, in circulating plasma, progesterone concentration should remain at basal level. In a
previous study, however, we reported abnormally high plasma progesterone (P+) concentrations at the
time of insemination in does that failed to become pregnant (Boiti et al., 1996). Similar findings were
later described by Theau-Clément et al. (2000), who observed the presence of two generations of
functional CL, and by Rommers et al. (2006) in multiple caged does. More recently, this negative
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relation between P+ concentration and fertility, defined as the high progesterone syndrome (Boiti et
al., 2006), was confirmed in a large study (Theau-Clément et al., 2005).
In principle, since progesterone is mainly synthesised by steroidogenic luteal cells in the ovary, the
occurrence of luteal function in the post partum of these rabbits suggests either a partial luteinisation
of pre-ovulatory follicles, or a persistency of pre-existing gravidic CL due to fault luteolysis, or a
pseudopregnant condition due to (multiple) spontaneous ovulation(s). In the latter case, however, the
mechanisms whereby does become spontaneous ovulators are still unclear, but are likely associated to
factors interfering with the control of the gonadal axis involving the hypothalamic centres responsible
for GnRH release (Pau et al., 1986). Thus, the main objective of this work focused on the mechanisms
that may cause spontaneous multiple ovulations and alter normal ovarian function in order to better
characterize the P+ syndrome in rabbit does. In this study, GnRH administrations was used as a tool to
mimic hypothalamic stimulation for multiple asynchronous ovulations.

MATERIALS AND METHODS
For the experiment, sexually mature New Zealand White female rabbits, weighing 3.5-4 kg, were
housed individually in an indoor facility under controlled conditions of light (14 h L/10 h D) and
temperature (18°C). Each animal had free access to food and water. Pseudopregnancy was induced
with 20 IU PMSG (Folligon, Intervet, Milan, Italy) followed 3 days later by 0.8 µg GnRH analogue
(Receptal, Hoechst-Roussel Vet, Milan, Italy). The day of GnRH injection was designated day 0.
Experiment 1
At different luteal stages, at either days 4, 9, or 13 of pseudopregnancy, two groups of rabbits
(n=5/group/luteal stage) were treated i.m. with saline (0.2 ml) or 0.8 µg GnRH analogue. From each
rabbit, blood samples were collected by venopuncture of the marginal ear vein from d-0 to d-26 of
pseudopregnancy and immediately centrifuged at 3000 g for 10 min. Plasma progesterone
concentrations were determined in duplicate by RIA according to the procedure reported elsewhere
(Boiti et al., 2005) to assess the functional status of CL.
Experiment 2
For the in vitro study and analysis of expressions of luteal genes of interest, CL were harvested from
other does sacrificed at either days 4, 9, or 13 of pseudopregnancy and randomly distributed (one
CL/well) into incubation wells as previously described (Boiti et al., 2005). Each set of wells was
divided into 6 groups of 5 wells: (I) medium alone; (II) GnRH (100 nM); (III) GnRH antagonist
(GnRH-a, antide, 100 nM); (IV) GnRH+GnRH-a; (V) GnRH+phospholipase A2 (PLA2) inhibitor
(PLA2-i, 4-bromophenacyl bromide, 1 µM); (VI) GnRH+phospholipase C (PLC) inhibitor (PLC-i,
compound 48/80, 2 µM). Total RNA was extracted from CL of three rabbits for each luteal stage as
previously described (Boiti et al., 2005). Five µg of total RNA was reverse transcribed in 20 µl of
iSCRIPT cDNA (Bio-Rad) using random hexamer according to instructions. The optimal real-time
efficiency and CT values were performed in PCR reaction mix containing 12.5 µL of iQ SYBR Green
SuperMix (Bio-Rad), 1 µL of 10 µM forward and reverse primers (Table 1), 0.5 µL of cDNA, and
water to 25 µL.
Table 1: Primers used for gene quantification by real-time RT-PCR
Gene

Accession Number

LH-R

S57793 Homo sapiens

FSH-R

AY429104.1 Homo sapiens

StAR

HSSTAR8 Homo sapiens

18S rRNA

X03205.1 Homo sapiens
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bp
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

118
150
130
148

Primers
CTGGAGAAGATGCACAATGG
CAATTAGCCTCTGAATGGACTC
GAGGAATGCCATTGAACTGAGG
GGAAGGTTGGAGAACACATCTG
AGAGCATCATCAACCAGGTC
GGGCACAGTTGGGAACAG
CGATCAGATACCGTCGTAGT
TTCCTTTAAGTTTCAGCTTTGC
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PCR was performed on iCycler iQ (Bio-Rad) with an initial incubation at 95 °C for 1.5 min, followed
by 40 cycles at 95°C for 15 s, 53°C for 30 s, during which fluorescence data were collected. The
threshold cycle (Ct value) was automatically computed. PCR products were purified and sequenced.
The 18S Ct, housekeeping gene, was determined to normalize samples variation of starting cDNA.
The melting curve analysis after the PCR end cycle was used to determine the specificity of each
primer set.
Statistical analysis
The ratios of each PCR product for target genes, normalized against the 18S co-amplified product,
were analyzed by two way ANOVA and Newman-Keuls multi comparison post-test. Data relative to
overall in vivo and in vitro treatment effects on progesterone were analysed by ANOVA for repeated
measurements. Comparison between effects was performed by Student’s t-test.

RESULTS AND DISCUSSION
At d-4 of pseudopregnancy, GnRH injection prolonged (P<0.05) the functional CL life span by 3 to 4
d over that of controls (Figure 1, A), but it remains to be established whether this longer luteal phase
was indeed due to novel CL deriving from another ovulation or rather to luteinization of ovarian
follicles. At d-9, GnRH administration caused a transient decline (P<0.01) of the peripheral plasma
progesterone concentrations for the following three days but, thereafter, progesterone increased again
and remained higher (P<0.01) than controls up to d-26 (Figure 1, A). At d-13, progesterone
concentration fell to 1 ng/ml within one day following GnRH, but then gradually increased (Figure 1,
A). Based on progesterone profiles, it can be argued that, at both mid- and late-luteal phase, GnRH
triggered luteolysis of pre-existing CL and induced the ovulatory mechanism followed by the
formation of a new generation of CL. Whether GnRH causes CL functional regression directly, via
luteal GnRH-R, or indirectly as a consequence of the withdrawal of the luteotropic support given by
estrogens remains to be further investigated. At day 11 of pseudopregnancy, GnRH injection induced
luteinization of ovarian follicles, and functional regression of CL as assessed by serum progesterone
levels decline within 3 days (Rippel et al., 1976). Depending on the dosage administered between day
8 and 13 of gestation, GnRH was found to either cause abortion by luteolysis or support foetal survival
by stimulating luteotropic activity (Hilliard et al., 1976).
GnRH markedly reduced (P<0.01) progesterone secretion of both mid- and late-luteal stage CL
cultured in vitro, but had no effect on d-4 CL (Figure 1, B). By converse, GnRH-a, enhanced (P<0.01)
progesterone release from d-4 CL, but had no effect on older CL (Figure 1, B). The co-incubation of
GnRH with GnRH-a increased (P<0.01) progesterone release of d-4 CL, but decreased (P<0.01) that
of d-9 and d-13 CL (Figure 1, B). The addition of PLA2-i did not change the progesterone release into
the medium (Figure 1, B). By converse, in both d-9 and d-13 CL, PLC-i reversed the inhibitory effects
of GnRH as progesterone productions matched those of CL cultured in medium alone (Figure 1, B).
Taken together, these data suggest that rabbit CL express a functional receptor for GnRH (GnRH-R),
which likely belongs to the type II family in analogy to what found in other species (Hapgood et al.,
2005), and that the cell signalling pathways activated by GnRH operates along the PLC cascade.
Luteal FSH-R and LH-R mRNA relative abundances did not differ between d-4 and d-9 CL, but were
two to three-fold (P≤0.01) higher, respectively, at d-13 (Figure 2). Steroidogenic acute regulatory
protein (StAR) mRNA was highly expressed at d-4 of pseudopregnancy, but then markedly declined
(P≤0.01) at d-9 and d-13 (Figure 2). Thus, independently of luteal stage, rabbit CL expressed
transcripts for both FSH and LH receptors. Although their steady state relative abundances were upregulated at d-13 of pseudopregnancy, by approximately the same factor, their roles in ensuring a
normal luteal function in the presence of pituitary gonadotropins, are still unclear. In rabbits, in fact,
estradiol-17β is the primary luteotropic hormone and, beyond the first day following ovulation, the
secretion of LH or FSH is not required for a normal course of development, maintenance and
regression of CL (Bill and Keyes, 1983).
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Figure 1: In panel A, plasma progesterone levels after GnRH injection to rabbits at days 4, 9, and 13
of pseudopregnancy. In panel B, progesterone secretion by CL cultured in vitro with both GnRH
agonist and antagonist and inhibitors for PLA2 and PLC
FSH receptors has been detected in the bovine CL (Manns et al., 1984) without any obvious
correlation between stage of the estrous cycle and physiological function as well as in CL of women
(Minegishi et al., 1997). High number of LH receptors having high affinity binding sites throughout
early pregnancy have been found in the primary CL of mares (Saint-Dizier et al., 2003) and pigs.
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Figure 2: FSH-R, LH-R, and StAR relative mRNAs levels in rabbit CL at different stages of
pseudopregnancy. Different letters above bars indicate a significantly different value (P<0.01) among
treatments
StAR is an indispensable protein that regulates at the mitochondrial level the conversion of cholesterol
into pregnenolone, the rate limiting step in steroid synthesis. The StAR expression in monkey CL
varied in accordance with the changes of serum progesterone levels, being the highest at the
developing stage (5 d after ovulation) and the lowest at later luteal phases, 18 d after ovulation (Liu et
al., 2003) in good accordance with present results.

CONCLUSIONS
Taken together our results, derived from both in vitro and in vivo models, show that GnRH triggers i)
either directly o indirectly, functional luteal regression when CL acquire luteolytic capacity from day 9
of pseudopregnancy onward, and ii) multiple asynchronous ovulations, thus partly explaining the P+
syndrome associated with the simultaneous coexistence of two population of “fresh” and “old” CL,
although not yet the underlying causes.
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