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Abstract - Peripheral plasma progesterone (P) has been evaluated in 245 multiparous (M) and 91 nulliparous (N) hybrid 
female rabbits in 3 trials. Blood samples were collected from each animal immediately prior of artificial insemination and 3 d 
before. The rabbits were inseminated 11 d postpartum (130 d of age for the N). Ovulation was induced by 0.8 ~g of GnRH. 
On the average, 21.1% (range 4.6% to 34.3% among rabbitries) of M does and only 3.3% of N females showed high P 
levels é 2.0 ng/ml). Moreover, blood basal progesterone levels where higher in M P- does than in N P- rabbits (0.62±0.28 
vs 0.14±0.16 ng/ml, respectively; P<0.01). Among P- does, 56% were sexually receptive against 11.5% of the P+. High 
levels of prpgesterone significantly reduced the embryo recovery rate (0.4 vs 0.9 for P+ and P- does, respectively) and 
embryo quality. In addition the pregnancy rate was significantly lower in P+ than in P- (12.9% vs. 66.4%; P<0.01). 

INTRODUCTION 

In the rabbit ovary, progesterone exerts an inhibitory action on both follicular development and steroidogenic 
function (SETTY and MILLS, 1987). This action appears to be exerted direct1y via an intraovarian route, rather 
than indirectly by way of suppression of gonadotropin secretion (MILLS and STOPPER, 1989). Progesterone 
also has been shown to inhibit sexual receptivity in ovariectomized rabbits primed with oestrogens (BEYER 
and MCDONALD, 1973). In the rabbit, elevated progesterone levels at the time of mating or artificial 
insemination have been associated with impaired fertility characterized by delayed ovulation (KENELL Y and 
FOOTE, 1965), altered gamete transport (TAKEDA et al., 1978) anda high incidence of degenerated embryos 
(TSUTSUMI et al., 1980). Since we sometimes found abnormally high progesterone concentrations in lactating 
does between day 4 and 15 postpartum (data not published), the aims of this study were 1) to assess the 
progesterone concentrations in the ear1y postpartum period in different commercial rabbitries, 2) to correlate 
high (P+) and low (P-) progesterone levels with sexual receptivity, and finally 3) to evaluate the influence of 
progesterone on ovarian response, embryo recovery rate and in vitro embryo development in artificially 
inseminated rabbit. 

MATERIALS AND MEffiODS 

Animals and treatments 

Por this study 91 nulliparous and 245 multiparous (1-4 kindling order) hybrids fema1e rabbits homogeneous for 
body weight and litter size (6-8 newborn) were used. The animals were individually caged and fed ad libitum 
with a commercial pelleted diet. Controlled environmental conditions oftemperature (22-25°C) and light cycles 
(14L:10D) were assured. The rabbits in experiments 2 and 3 were artificially inseminated (a.i.) at 11 days 
postpartum with fresh semen collected from bucks of proven fertility while the nulliparous at 130 days of age. 
Ovu1ation was induced by i.m injection of0.8 ¡.tg ofGnRH (Recepta!, HOECHST). 

Experiment 1- The experiment was pointed to evaluate progesterone concentrations in the postpartum period 
and therefore blood samp1es were collected from 22 primiparous does every other day from day 2 after 
parturition until day 18. Between day 16 and 18, 3 P+ and 3 P- does were sacrificed for morphological 
eva1uation of ovarían structures. 
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Experiment 2 - The experiment was carried out on two homogeneous groups of 91 nulliparous and 
108 multiparous hybrids from two different rabbitries in order to evaluate the correlation between progesterone 
concentrations and fertility. Blood samples were obtained from each animal immediately prior of a.i. and 3 days 
before. 

Experiment 3 - This study was specifically devised to evaluate the effect of naturally high or low progesterone 
levels on sexual receptivity, ovarian response, embryo quality and development in vítro. For this purpose 
115 multiparous lactating does were used. Blood samples were collected as described in experiment 2. Sexual 
receptivity, scored on the basis ofthe vulva colour from pale (R-) to red and purple associated with turgescence 
(R+), was estimated by experienced technicians. Forty-eight hours post a-i. 38 does were sacrificed and for 
each ovary number offresh corpora lutea (CL) induced by GnRH administration and postpartum corpora lutea 
(CLp) was recorded. Ovulatory response defmed as percentage of does with at least 1 CL, and ovulatory rate as 
mean number of CL per animal which ovulated were also determined. Recovered embryos were 
morphologically evaluated for stage of development and assigned to a quality grade score (A=excellent, 
B=good, C=fair, D=degenerate) as outlined by LINDNER and WRIGHT (1983). Embryo recovery rate 
(number of recovered embryos/number of CL) were calculated and embryo development rate was then assessed 
after 72 hours of in vitro culture as previously reported by STRADAIOLI et al. (1993). 

Progesterone assay 

Blood samples were collected into heparinized vacutainers by venopuncture from the marginal ear vein of each 
animal and plasma was separated by centrifugation and stored at -20°C until assay. Plasma progesterone 
concentrations were evaluated by a specific and standardized RIA procedure (BOffi et al. 1974). The 
sensitivity of the assay for a sample volume of 200 ¡.tl was 0.08 ng/ mi. The intra and interassay variation 
coefficients were 5.3% (n=8) and 10.2% (n=4), respectively. In arder to discriminate the P+ from the P- female 
rabbits a value of2.0 ng/ml was arbitrarelly set. 

Statistical analysis 

Data were analyzed using GLM and FREQ procedures (SAS, 1991 ). 

RESULTS AND DISCUSSION 

Progesterone levels in the postpartum 

Figure 1 : Examples of progesterone (P) profiles in early 
postpartum period 
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Examples of three peripheral plasma 
progesterone profiles during the postpartum 
of primiparous does (Experiment 1) are 
depicted in Figure l. 
Progesterone concentrations were already at 
basallevels 2 days after parturition in 70% 
of the does (n=16) and fluctuated between 
0.4 and 0.6 ng/ml during the following 3 
weeks (profile 1 ). In the other 3 0% of the 
females (n=6), blood progesterone was very 
high, exceeding 5 ng/ml, on day 4 
postpartum with a variable profile 
thereafter. In two of these lactating does the 
period of luteal progesterone secretion 
extended for 13-15 days (profile 2), 
comparable to the functionallifespan of CL 
of pseudopregancy (GADSBY, 1989) while 
in the other 4 subjects, progesterone had 
peaks of shorter duration (profile 3). The 3 
P+ does that were sacrificed showed 
enlarged ovaries and an average of 2.6 CLp 
per ovary, while the 3 P- had only few 



corpora albicantia. 
It is well established that during both pregnancy and pseudopregnancy circulating progesterone concentrations 
reflect the rate of its synthesis and secretion by the corpus luteum which is essentially the major source of 
progesterone in the rabbit (HOLT, 1989). According to MILLS and STOPPER (1989) plasma progesterone is 
also closely related to the number of CL: in rabbits with single CL, its concentrations are well below those 
found in rabbits with two or more CL (1.8±0.3 vs 7.0±0.8 nglml). Interstitial ovarían cells are the primary 
source of 20a-dihydroprogesterone, but could also secrete progesterone at basal levels (BREED and 
HILLIARD, 1970). The low progesterone profiles we found in the early postpartum period in 16 out of22 does 
are in agreement with the observation of BREED and HILLIARD (1970) who reported that the CL regress 
quickly within 3 days after parturition. The finding of variably high progesterone profiles during early 
postpartum in 6 of 22 females suggests that spontaneous postpartum ovulations could occur in the rabbit does, 
as already observed by MYERS and POOLE (1962), following male sexual advances. lt should not be excluded 
that repeated manipulations, due to frequent blood samplings, triggered ovulation in particularly sensitive 
subjects. 
The mu1tiparous P+ females (Experiments 2 and 3) averaged 17,1% (n=38) at day 8 postpartum and rose to 
21,1% (n=47) at day 11; this percentage varied significantly (P<0.01) among rabbitries, ranging from 4.6% to 
34.3%. By contrast, only 3.3% of the nulliparous (n=3) were P+. Furthermore, when compared with the 
nulliparous, the multiparous P- does were characterized by significantly higher blood basal progesterone levels 
(0.62±0.28 vs. 0,14±0,16 ng/ml; P<0.01). Mean progesterone concentrations ofthe multiparous P+ does were 
no different between day 8 and day 11 (6,1±3.58 vs 6.8±3.41 ng/ml), but were higher than those found in 
nulliparous P+(2.5±0.6 vs. 2.3±0.7 nglml; n= 3), although not significantly probably dueto the low number of 
the later samples. E ven if the two blood samples, which were taken on day 8 and 11 after parturition are clearly 
not sufficient to elucidate progesterone profiles during the postpartum period, they allow us to reliably identify 
P+ and P- rabbit does. In addition, this procedure drastically reduces possible effects due to repeated 
manipulations. 

Progesterone levels and sexual receptivity. 

Figure 2 : Sexual receptivity (R) as related 
to progesterone levels (P) 
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On the day of a.i. only 46.2% of the does 
(53/115) were receptive (R+) according 
to our classification based on vulva! 
coloration. This procedure is not as 
accurate as direct observation of sexual 
behaviour of lordosis in the presence of 
the male, but is much more practica! to 
perform (MAERTENS and LUZI, 1995). 
Among the· 89 P- does (Figure 2) about 
half were also R+ (56%). By contrast, 
within the 26 P+ females proportion of 
oestrous does (R+) was significantly 1ow 
(11.5%= P<O.Ol). 
Sexual receptivity plays an important 
role in the reproduction of domestic 
rabbits, also in the case of a.i. when does 
are inseminated independently of their 
oestrous behaviour (THEAU-CLEMENT 
and ROUSTAN, 1992). Sexual 

receptivity varíes during postpartum (MORET, 1980) with irregularly altemating periods of oestrous and 
anoestrous. While progesterone is essential for embryo survival (FORTUN et al., 1993), this hormone is not 
necessary for the expression of sexual behaviour in the rabbit (FRENCH, 1977; ELSAESSER, 1980). 
Moreover, the observation that in both pregnant and pseudopregnant rabbits sporadic sexual receptivity signs 
occur, although in an irregular manner, suggests that progesterone is the major hormonal factor which inhibits 
sexual behaviour. In ovariectomized rabbits (BEYER and MCDONALD, 1973) oestradiol induces sexual 
behaviour, whereas progesterone inhibits it. Using active immunization techniques, ELSAESSER (1980) 
showed that oestrogens were necessary for receptivity while progesterone inactivation did not interfere with it. 
In this specie, receptivity is dependent upon the presence of ovarían steroids and particularly oestrogens, also if 
peaks of oestrone or oestradiol-1713 do not always coincide with oestrous behaviour (CAILLOL et al., 1983). 
Receptive does have been found to have a higher number of large follicles than non receptive females 
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(KERNABON et al., 1994) and also increased oestrogen levels (UBILLA and REBOLLAR, 1995). In our study 
no attempt was made to determine circulating oestrogen because their levels vary widely, also within the same 
female, and therefore much more frequent blood sampling would be required for an accurate correlation 
between these sex steroid hormonallevels and receptivity. 

Progesterone and fertility 

The pregnancy rate of the multiparous does {Experiment 2) was strongly affected by progesterone levels 
(66.4% vs 12.90/o in P- and P+ respectively; P<O.Ol) whereas litter size was not influenced (8.3 vs 7.9 
respectively). No differences between pregnancy rate and litter size were observed in P+ and P- nulliparous 
(average 80. 7% and 6.3), probably dueto the low number offemales with high progesterone concentrations. 

Progesterone, ovarian response and in vitro embryo development 

Data conceming the ovarian response and in vitro embryo development in the P+ (6.4±4.1 nglml, n=7) and 
P- (0.8+0.2 nglml, n=31) does sacrificed 48 hours post-insemination are shown in Table l. Moreover, the 
presence of CLp in 6 out of 7 P+ females confirms that spontaneous ovulations may occur during early 
postpartum in a significant percentage of the rabbít female population before mating or artificial insemination. 
Ovulation induced by GnRH was not influenced by high blood progesterone levels as all the P+ females 
responded and presented an ovulatory index comparable to that ofthe P- does (Table 1). However, high levels 
of progesterone significantly reduced the embryo recovery rate and quality, probably acting on oocyte 
maturation, gamete transport and fertilization. We found no influence of progesterone level on in vitro 
development of good quality embryos. 

Table 1: Effeet ofprogesterone class (P+, P-) on the reproduetive 
characteristies of does 

Items 
Number of does 
Ovulatory response 
Ovulatory rate 
Embryo recovery rate 
Embryo (quality A-C) 
Embryo (quality D) 
Embryo development 72 h 

**: P < 0.01; n.s.: not significant. 

n. 
o/o 
n. 

n. 
n. 
% 

P+ 
7 

loo 
13.5 
0.4 
0.6 
4.3 
loo 

P-
3 1 

96.3 
1 1.2 
0.9 
8.7 
l. O 

95.4 

Signif. 

n.s. 
n. s 
•• 
•• 
•• 
n.s. 

In conclusion, our study 
demonstrated the presence of a 
high percentage of P+ animals in 
field condition, especially in 
multiparous does (21, 1% ), while it 
was occasionally observed among 
nulliparous females (3.3%). These 
high levels of progesterone are 
associated with reduced sexual 
receptivity, low pregnancy rate, 
low embryo recovery rate and 
embryo quality. It remains to be 

established which factors could trigger spontaneous ovulation, as indicated by the presence of CL, high blood 
progesterone concentrations and its secretory pattems in the postpartum period. Furthermore, a high variability 
among rabbitries and parity was observed. Our data are not in agreement with those reported by LAMB et al. 
(1991) who found relatively low progesterone concentration on day 1 and 14 postpartum in primiparous 
crossbreed does, but this discrepancy could be due in large part to the different strains of rabbits used and 
rearing management techniques. 
There is no doubt that complex interactions among lactation, receptivity and ovarian competence modulate the 
fertility of the female rabbit during the early post-partum period. However, the fmding of abnormally high 
progesterone levels on the day of artificial insemination in a significant proportion of multiparous does under 
field condition could in part explain their reduced reproductive performance. It could also open new questions 
about the appropriateness of hormonal treatments, presently employed under intensive breeding programs to 
induce oestrous synchronization, which are not tailored to their endocrinological status. 

Acknowledgements - This research was supported by a grant from MURST 40%. 

48 6th Wortd Rabblt Congress, .Toulouse 1996, Vol. 2 



REFERENCES 

BEYER C., MCDONALD P., 1973. Honnonal control of sexual 
behaviour in the female rabbit. Adv. Reprod Physiol., 6, 185-
214. 

BOIU C., CECCARELLI P., BEGHELLI V., DANIOTII P., 
PENNISI F., 1974. Messa a punto di un metodo per la 
determinazíone radíoimmunologica del progesterone 
plasmatico. Anti Soc. It. Sci. Vet., 28, 366-371. 

BREED W.G., BILLIARD J., 1970. Effect oflactation on ovarían 
function in the rabbit. J Reprod Fert., 23, 73-78. 

CAILLOL M., DAUPHIN-VILLEMANT C., MARTINET L., 
1983. Oestrous behaviour and circulating progesterone and 
oestrogen levels during pseudopregnancy in the domestic 
rabbit. J. ReprodFert. 69, 179-186. 

ELSAESSER F., 1980. Effects of active immunizatíon against 
oestradiol-17, testosterone or progesterone on recettivity in the 
female rabbit and evaluation ofspecificity. J Reprod Fert. 58, 
213-218. 

FORTUN L., PRUNIER A., LEBAS F., 1993. Effects oflactation 
on fetal survival and development in rabbit does mated shortly 
after parturiotion. J Anim. Sci., 71, 1882-1886. 

FRENCH, L.H., 1977. Effects of antibodies to progesterone on 
early pregnancy in rabbits. Biol. Reprod 16, 363-369. 

GADSBY J.E., 1989. Control of corpus luteum fiJnction in the 
pregnant rabbit. J Reprod. Fert. Suppl. 37, 45-54. 

HOLT J.A., 1989. Regulation of progesterone production in the 
rabbit corpus luteum. Biol. Reprod, 40, 201-208. 

KENELLY J.J., FOOTE R.H., 1965. Superovulatory response of 
pre- and post-pubertal rabbits to commercially . avaible 
gonadotrophins. J Reprod Fert., 9, 177-188. 

KERNABON A.Y., BELAIR L, THEAU-CLEMENT M., 
SALESSE R., DJIANE J., 1994. Effects of anoestrus and 
bromocryptine treatment on the expression of pro1actin and 
LH receptors in the rabbit ovary during lactation. J. Reprod 
Fert., 102, 131-138. 

LAMB J.C., STRACHAN W., HENDERSON G., ATKINSON T., 
LAWSON W., PARTRIDGE G.G., FULLER M.F., RACEY 
P.A., 1991. Effects of reducing the remating interval after 
parturition on the fertility and plasma concentrations of 
luteinizing honnone, prolactin, oestradíol-17 and progesterone 
in Iactating domestic rabbits. J Reprod Fert. 92, 281-289. 

LINDNER G.M., WWGHT R.W., 1983. Bovine embryo 
morphology and evaluation. 7heriogenology, 20, 407-416. 

MAERTENS L., LUZI F., 1995. Effect of diluent and storage time 
on rabbit semen on the fertility of does reare under two 
different lighting schedules. World Rabbit Science, 3, 2734. 

MILLS T.M., STOPPER V.S., 1989. The intraovarian 
progesterone modulation of follicle development in the rabbit 
ovary. Steroidk, 54, 471-480. 

MYERS K., POOLE W.E., 1962. Oestrous cycles in the rabbit 
oryctolagus cuniculus (L.). Nature, 195, 358-359. 

MORET B., 1980. Comportement d'oestrus chez la lapine. 
Cunicu/ture, 33, 159-161. 

SAS, 1991. Sas User's Guide: Statistics. Ed. Cary NY. 
SETTY S.L., MILLS T.M., 1987. The effects ofprogesterone on 

follicular growth in the rabbit ovary. Bio/. Reprod, 36, 1247-
1252. 

STRADAIOLI G., MONAD M., VERINI SUPPLIZI A., CANAL! 
C., VACCA C., BOITI C., 1993. Recovery rate and embryo 
quality in New Zealand White (NZW) rabbits treated with 
PMSG and PGF2a. 9th Scientflc Meeting of the European 
Embryo Tranfer Association. Lyon 10-11 september, 283. 

TAKEDA T, SUZUKY H., MATSUI S., TERAMI Y., 
TSUTSUMI Y., 1978. Effect of progesterone and 
medroxyprogesterone acetate on egg recovery from the vagina 
of rabbits. Japan J Anim. Reprod, 24, 184-191. 

THEAU-CLEMENT M., ROUSTAN A., 1992. A study on 
relationships between receptivity and lactation in the doe, and 
their influence on reproductive perfonnances. Proc. sth 
WRSA Congress, Oregon, USfl~ July 25-30. In J. Appl. 
Rabbit Res., 15 (Vol. A), 412-421. 

TSUTSUMI Y.,TAKEDA T., SUZUKY H., IWASAKY Y., 
INADA K., MINAMI T., 1980. Peripheral serum 1evels of 
progesterone and prostaglandin F2a during egg transport in 
superovulated rabbits. Japan J Anim. Reprod, 26, 15-33. 

UBILLA E., REBOLLAR P.G., 1995. Influence ofthe postpartum 
day on plasma estradiol-1713 levels, sexual behaviour, and 
conception rate in artificially inseminated lactating rabbits. 
Anim. Reprod Sci., 38 (Vol. A), 337-344. 

Effets du taux de progesterone postpartum sur la réceptivité, la réponse ovarienne et la qualité 
embryonnaire chez la lapine - On a mesuré le taux de progesterone (P) dans le plasma périphéfique chez 
245 lapines hybrides multipares (M) et 91 nullipares (N) au cours de 3 expérimentations. Les échantillons de sang ont été 
recueillis 3 jours avant et immédiatement avant l'insémination artificielle. Les lapines ayant été inséminées au 11 éme jour 
postpartum (et a l'age de 130 jours pour les N). L' ovulation a été provoquée par 0.8 IJ9 de GnRH. En moyenne, 21,1% des 
femelles M (de 4.6% a 34.3% parmi les dlfférents élevages) et 3.3% des N ont montré des taux élevés de P (~2.0 ng/ml). 
De plus, les taux minimum de progesterone dons le sang étaient plus élevés chez les M que chez les N (0. 62±0.28 contre 
O, 14±0.16 ng/ml respectivement; P<0.01). Parmi les femelles ayant un taux réduit de progesterone (P-) 56% ·étaient 
sexuellement réceptives contre 11.5% de celles présentant un taux élevé (P+). Des taux élevés de progesterone réduisent 
de maniére significativa le taux de récupération embryonnaire (0.4 contre 0.9 pour P+ et P- respectivement) ainsi que la 
qualité des embryons. De plus, le taux de fécondlté était significativement plus bas pour les P+ que pour les P- (12.9% 
centre 66.4% P<0.01). 
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