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ABSTRACT

This work focused on the mechanisms that may caudéple asynchronous ovulations and alter
normal ovarian function in order to characterize kigh progesterone (P+) syndrome in rabbit does,
that, having abnormally high plasma progesteromeeatration at the time of insemination, fail to
become pregnant. At different luteal stages, &keitlays 4, 9, or 13 of pseudopregnancy, induced by
GnRH injection (d-0), two groups of rabbits (n=%gp) were treated with saline or 0.8 pg GnRH.
Blood samples were collected from d-O to d-26 oéum®pregnancy. At d-4, GnRH injection
prolonged (P<0.05) the functional CL life span b3} d over that of controls. At d-9, GnRH caused
a transient decline (P<0.01) of progesterone ferfttiowing 3 d but, thereafter, increased agaid an
remained higher (P<0.01) than controls up to dAi6d-13, progesterone fell to 1 ng/ml within one
day following GnRH, but then gradually increaseds®&d of these progesterone profiles, it can be
argued that, at both mid- and late-luteal phaseRKsiriggered luteolysis and induced ovulation
followed by the formation of a new generation of. €or thein vitro study, CL, collected at days 4, 9,
and 13 of pseudopregnancy, were incubated with GriRHRH-antagonist, PLAInhibitor, and PLC
inhibitor. GNRH decreased (P<0.01) progesteroneeien by d-9 and d-13 CL culturéd vitro; by
converse, GNRH antagonisicreased (P<0.01) progesterone release from d-40Q0kincubation of
GnRH with GnRH antagonist increased (P<0.01) priegese release in d-4 CL, but had an opposite
effect (P<0.01) on d-9 and d-13 CL. PLC inhibiteversed the GnRH effects in both d-9 and d-13
CL, while PLA; inhibitor did not change progesterone release.sdh#ata suggest that rabbit CL
express a functional receptor for GnRH, likely pbe IlI, that utilizes the PLC post transductional
cascade. Luteal FSH-R and LH-R mRNA relative abunda did not differ between d-4 and d-9 CL,
but were two- to three-fold &0.01) higher, respectively, at d-13. StAR mRNA vkaghly expressed

at d-4 of pseudopregnancy, but then markedly deg!{fz0.01) at d-9 and d-13. Taken together, our
results show that GnRH triggers i) functional regien when CL acquire luteolytic capacity from d 9
of pseudopregnancy onward, and ii) multiple asymcbus ovulations, thus partly explaining the P+
syndrome associated with the simultaneous coexistehtwo population of “fresh” and “old” CL,
although not yet the underlying causes
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INTRODUCTION

In rabbits, ovulation is a neuroendocrine reflexatths induced by mating or by exogenous
administration of either gonadotropin releasingimame (GnRH) or human chorionic gonadotropin. In
the ovary of unmated or un-stimulated rabbits,dftee, functional corpora lutea (CL) should not be
present and, in circulating plasma, progesteroneeamration should remain at basal level. In a
previous study, however, we reported abnormally itasma progesterone (P+) concentrations at the
time of insemination in does that failed to becgmegnant (Boiteet al, 1996). Similar findings were
later described by Theau-Clémegtt al (2000), who observed the presence of two gemerstof
functional CL, and by Rommemt al (2006) in multiple caged does. More recentlys thegative
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relation between P+ concentration and fertilityfimed as the high progesterone syndrome (Biti
al., 2006), was confirmed in a large study (Theauv@iétet al, 2005).

In principle, since progesterone is mainly syntbediby steroidogenic luteal cells in the ovary, the
occurrence of luteal function in the post partunthefse rabbits suggests either a partial luteioisat

of pre-ovulatory follicles, or a persistency of fardsting gravidic CL due to fault luteolysis, or a
pseudopregnant condition due to (multiple) sporgasevulation(s). In the latter case, however, the
mechanisms whereby does become spontaneous osudaostill unclear, but are likely associated to
factors interfering with the control of the gonadals involving the hypothalamic centres resporesibl
for GNRH release (Paat al, 1986). Thus, the main objective of this workused on the mechanisms
that may cause spontaneous multiple ovulationsadted normal ovarian function in order to better
characterize the P+ syndrome in rabbit does. kghidy, GhnRH administrations was used as a tool to
mimic hypothalamic stimulation for multiple asynohous ovulations.

MATERIALSAND METHODS

For the experiment, sexually mature New Zealandt®/female rabbits, weighing 3.5-4 kg, were
housed individually in an indoor facility under dailed conditions of light (14 h L/10 h D) and
temperature (18°C). Each animal had free acce$sotb and water. Pseudopregnancy was induced
with 20 IU PMSG (Folligon, Intervet, Milan, Italyfpllowed 3 days later by 0.8 pg GnRH analogue
(Receptal, Hoechst-Roussel Vet, Milan, Italy). Bag of GhRH injection was designated day 0.

Experiment 1

At different luteal stages, at either days 4, 9,18r of pseudopregnancy, two groups of rabbits
(n=5/group/luteal stage) were treated i.m. withinga(0.2 ml) or 0.8 ug GnRH analogue. From each
rabbit, blood samples were collected by venopuecairthe marginal ear vein from d-0 to d-26 of

pseudopregnancy and immediately centrifuged at 3@0QGor 10 min. Plasma progesterone

concentrations were determined in duplicate by Bb&ording to the procedure reported elsewhere
(Baiti et al., 2005) to assess the functional status of CL.

Experiment 2

For thein vitro study and analysis of expressions of luteal gefi@sterest, CL were harvested from
other does sacrificed at either days 4, 9, or 1pssdudopregnancy and randomly distributed (one
CL/well) into incubation wells as previously de&ed (Boiti et al, 2005). Each set of wells was
divided into 6 groups of 5 wells: (I) medium alor(#) GnRH (100 nM); (lll) GnRH antagonist
(GnRH-a, antide, 100 nM); (IV) GhRH+GnRH-a; (V) GHRphospholipase A2 (PLA inhibitor
(PLA.-i, 4-bromophenacyl bromide, gM); (VI) GnRH+phospholipase C (PLC) inhibitor (PL{-
compound 48/80, pM). Total RNA was extracted from CL of three ralbior each luteal stage as
previously described (Boitt al, 2005). Five pg of total RNA was reverse trarmaxliin 20 pl of
ISCRIPT cDNA (Bio-Rad) using random hexamer acaaydio instructions. The optimal real-time
efficiency and CT values were performed in PCR tieaanix containing 12.5L of iQ SYBR Green
SuperMix (Bio-Rad), 1 uL of 10 uM forward and resemprimers (Table 1), 0.5 pL of cDNA, and
water to 25 pL.

Table 1. Primers used for gene quantification by real-tRiePCR

Gene Accession Number bp Primers
R stmmses G0 s QOCRSMCTOCKMIGS
R Ao Honsens N 150 SACSANTOCCATIOMCTONGE
StAR HSSTARS Homo sapiens ';%rv"fr‘;de 130 égg%ié;%ﬁ?%@gfﬁ&%m

292



Reproduction

PCR was performed on iCycler iQ (Bio-Rad) with aitial incubation at 95 °C for 1.5 min, followed
by 40 cycles at 95°C for 15 s, 53°C for 30 s, dynivhich fluorescence data were collected. The
threshold cycle (Ct value) was automatically computPCR products were purified and sequenced.
The 18S Ct, housekeeping gene, was determinedrtoatiae samples variation of starting cDNA.
The melting curve analysis after the PCR end cy@s used to determine the specificity of each
primer set.

Statistical analysis

The ratios of each PCR product for target genesnalized against the 18S co-amplified product,
were analyzed by two way ANOVA and Newman-Keuls tmtwmparison post-test. Data relative to
overallin vivo andin vitro treatment effects on progesterone were analyseAN@VA for repeated
measurements. Comparison between effects was peddoy Student’s t-test.

RESULTSAND DISCUSSION

At d-4 of pseudopregnancy, GnRH injection prolon¢fed0.05) the functional CL life span by 3to 4

d over that of controls (Figure 1, A), but it rem&ito be established whether this longer luteas@ha
was indeed due to novel CL deriving from anotheulation or rather to luteinization of ovarian
follicles. At d-9, GnRH administration caused ansi@nt decline (P<0.01) of the peripheral plasma
progesterone concentrations for the following thdtags but, thereafter, progesterone increased again
and remained higher (P<0.01) than controls up 16 dFigure 1, A). At d-13, progesterone
concentration fell to 1 ng/ml within one day follmg GnRH, but then gradually increased (Figure 1,
A). Based on progesterone profiles, it can be atgbat, at both mid- and late-luteal phase, GnRH
triggered luteolysis of pre-existing CL and induct#t ovulatory mechanism followed by the
formation of a new generation of CL. Whether GnRitdises CL functional regression directly, via
luteal GnRH-R, or indirectly as a consequence efwithdrawal of the luteotropic support given by
estrogens remains to be further investigated. Atldaof pseudopregnancy, GnRH injection induced
luteinization of ovarian follicles, and functionadgression of CL as assessed by serum progesterone
levels decline within 3 days (Rippet al, 1976). Depending on the dosage administereddsstwlay

8 and 13 of gestation, GhRH was found to eitheseabortion by luteolysis or support foetal surviva
by stimulating luteotropic activity (Hilliarét al., 1976).

GnRH markedly reduced (P<0.01) progesterone seareif both mid- and late-luteal stage CL
culturedin vitro, but had no effect on d-4 CL (Figure 1, B). By everse, GnRH-a&nhanced (P<0.01)
progesterone release from d-4 CL, but had no effeatlder CL (Figure 1, B). The co-incubation of
GnRH with GnRH-a increased (P<0.01) progesterolease of d-4 CL, but decreased (P<0.01) that
of d-9 and d-13 CL (Figure 1, B). The addition &f*B-i did not change the progesterone release into
the medium (Figure 1, B). By converse, in bothah@ d-13 CL, PLC-i reversed the inhibitory effects
of GnNRH as progesterone productions matched thb&t @ultured in medium alone (Figure 1, B).
Taken together, these data suggest that rabbitxptess a functional receptor for GnRH (GnRH-R),
which likely belongs to the type Il family in angpto what found in other species (Hapgatdl.,
2005), and that the cell signalling pathways at¢itdoy GnRH operates along the PLC cascade.

Luteal FSH-R and LH-R mRNA relative abundancesrditidiffer between d-4 and d-9 CL, but were
two to three-fold (R0.01) higher, respectively, at d-13 (Figure 2).r@8tdgenic acute regulatory
protein (StAR) mRNA was highly expressed at d-$séudopregnancy, but then markedly declined
(P<0.01) at d-9 and d-13 (Figure 2). Thus, indepergeot luteal stage, rabbit CL expressed
transcripts for both FSH and LH receptors. Althotlgeir steady state relative abundances were up-
regulated at d-13 of pseudopregnancy, by approgimahe same factor, their roles in ensuring a
normal luteal function in the presence of pituitggnadotropins, are still unclear. In rabbits, actf
estradiol-1PB is the primary luteotropic hormone and, beyondfitet day following ovulation, the
secretion of LH or FSH is not required for a norncalurse of development, maintenance and
regression of CL (Bill and Keyes, 1983).
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Figure 1: In panel A, plasma progesterone levels after Gmijéttion to rabbits at days 4, 9, and 13
of pseudopregnancy. In panel B, progesterone $merbly CL culturedin vitro with both GnRH
agonist and antagonist and inhibitors for PLA2 Bh@

FSH receptors has been detected in the bovine Caniislet al, 1984) without any obvious
correlation between stage of the estrous cyclepduydiological function as well as in CL of women
(Minegishiet al, 1997). High number of LH receptors having hidtingy binding sites throughout
early pregnancy have been found in the primary €lmares (Saint-Dizieet al, 2003) and pigs.
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Figure 22 FSH-R, LH-R, and StAR relative mRNAs levels irblbd CL at different stages of
pseudopregnancy. Different letters above bars @téia significantly different value (P<0.01) among
treatments

StAR is an indispensable protein that regulatéseamitochondrial level the conversion of cholesiter
into pregnenolone, the rate limiting step in stéreynthesis. The StAR expression in monkey CL
varied in accordance with the changes of serum gstegone levels, being the highest at the
developing stage (5 d after ovulation) and the kive¢ later luteal phases, 18 d after ovulatiom @ti

al., 2003) in good accordance with present results.

CONCLUSIONS

Taken together our results, derived from batlitro andin vivo models, show that GnRH triggers i)
either directly o indirectly, functional luteal megsion when CL acquire luteolytic capacity frony 8a
of pseudopregnancy onward, and ii) multiple asymcbus ovulations, thus partly explaining the P+
syndrome associated with the simultaneous coexistehtwo population of “fresh” and “old” CL,
although not yet the underlying causes
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