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ABSTRACT
This study was performed to determine the effects of 48 hours doe-litter separation before artificial insemination
(AI) on sexual receptivity (SR), mean plasma progesterone (P) and oestradiol 17- (E2) concentrations. The
fertility and litter size obtained was determined after parturition. Control does (n=12) had free access to nursing,
whereas biostimulated does (n=12) were separated from their litters for 48 hours before AI. Both groups were
inseminated on day 11 after parturition. A rise of E2 concentrations was observed 48 hours after doe-litter
separation, compared to control does and to previous values (p< 0.003). Both groups showed similar P
concentrations from day 9 to 11 of the postpartum period. A higher proportion of high sexual receptive (HSR) does
was observed in the does separated from their litters for 48 hours (p< 0.05). This change in the SR may be related
to the increased E2 concentrations showed by this group 48 hours after the separation (p< 0.003). Pregnant
rabbits of both groups showed increased P concentrations on day 18 of pregnancy. Lower E2 levels were
observed in control does on day 18 of pregnancy compared with biostimulated rabbits (p< 0.003). Fertility, litter
size and number of dead kits/litter were not affected by the treatment (100% vs. 83,3%; 9.08 ± 0.41 vs. 9.20 ±
0.39 and 0.51 ± 0.13 vs. 0.43 ± 0.11, in biostimulated and control does, respectively). The results suggest that a
transient doe-litter separation causes an increase in the proportion of does showing signs of HSR probably
induced by the higher plasma E2 concentrations and absence of suckling episodes in the biostimulated does
before AI. Although the fertility and litter size did not appear to be affected by the treatment, the routine use of a
biostimulation method may produce a major impact on the productivity of nursing does.

INTRODUCTION
Several factors, such as the lactation period and SR may affect the fertility rates obtained in
artificially inseminated doe rabbits during the early post-partum period (THEAU-CLÉMENT
and ROUSTAN, 1992; UBILLA and REBOLLAR, 1995). Another factor associated with the
reduced fertility and oestrus frequency in multiparous lactating does was the abnormal high P
concentrations found on the day of AI (BOITI et al., 1996). In rabbits, plasma P
concentrations during pregnancy and pseudopregnancy is related to the number of corpora
lutea, their synthesis and secretion (MILLS and STOPPER, 1989; HOLT, 1989). The
follicular steroidogenic activity is essential for maintaining the corpus luteum life span, as E2
is the main luteotrophic hormone (McLEAN and MILLER, 1985). Separation of the does
from the litters for short periods of time (the so called biostimulation technique) before AI,
resulted in increased breeding efficiency in farm conditions when using a large number of
animals (MAERTENS 1998; ALVARIÑO et al., 1998; CASTELLINI et al., 1998). Lactating
does separated from their litters during 24-48 hours reached similar values to those obtained
with hormonal treatments before artificial insemination (COLIN, 1992; FACCHIN et al.,
1992; DRAGAN, 1996;). Fertility rates and SR were also improved when rabbit does were
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grouped together for short periods of time before insemination (DUPERRAY et al., 1999). It
has been postulated that this breeding improvement observed in biostimulated does could be a
result of several stimulatory actions and endocrine changes on the ovarian activities and
sexual receptivity (CASTELLINI et al., 1998). The aim of the present study was to determine
the effects of a 48 hours doe-litter separation before AI on SR, mean plasma P and E2
concentrations. Fertility and litter size was determined after parturition.
MATERIAL AND METHODS
Animals and experimental design
Twenty-four multiparous, lactating doe rabbits of the Californian x New Zealand White
crossbreed were used in this study. The animals were housed in individual metal cages,
maintained under controlled light/dark cycles (16L: 8D), and fed ad libitum with a
commercial pelleted diet (Lab Rabbit Chow, Purina Mills Inc., Torrejón de Ardoz, Spain),
and had free access to tap water. Litter size was standardised to 8-9 on day 1 after parturition
to assure similar lactation conditions during the study. The does were randomly allocated to
one of two groups of 12: a Control group with free access to nursing, and a Biostimulated
group in which does were separated from their litters for 48 hours previous to AI. Both
groups were inseminated on day 11 of the lactation period using 1 ml/doe of the same fresh
semen pooled from 3 bucks and diluted by a commercial extender (MA 24, Ovejero Lab.,
León Spain). Each dose contained at least 25 x 106 spermatozoa/ml. Ovulation was induced
by Gonadoreline, a synthetic analogue of GnRH (20 !g/doe i.m.; Ovejero Lab., León Spain),
(ALVARIÑO et al., 1998). Biostimulated does were artificially inseminated immediately
after nursing and blood sampling. Control does were inseminated after blood sampling.
Pregnancies were diagnosed by abdominal palpation on day 12 after AI.
To study the influence of the doe-litter separation on mean plasma P and E2 concentrations,
blood samples were collected in both groups from the marginal ear vein into heparinized
tubes, and immediately centrifuged at 1000 g, for 10 min, at 8ºC. Plasma was stored at –20ºC
until analysed. The blood samples were collected at 24 hour intervals from day 9 to day 11 of
lactation, before AI, and on day 18 after AI.
SR was measured according to the turgidity and colour of the vulva (UBILLA and
REBOLLAR, 1995), on day 11 of the lactation period before AI. The does were categorised
into three levels: does with high SR (HSR), medium SR (MSR) and low SR (LSR). The
fertility and litter size was evaluated after parturition.
Hormone analyses
Plasma E2 and P concentrations were determined using commercial 125I RIA kit (ICN
Pharmaceuticals, Inc. Diagnostics Division Costa Mesa, CA 92626 USA, Lot no. E2K9917
and PT9902, respectively) (CEDARS et al., 1990; STOVALL et al., 1991). This study was
performed according to the CEE Council Directive 86/609, (1986) for care of experimental
animals.
Statistical analysis
All analyses were conducted using the Statistical Analysis System Software for Windows,
version 6.12 (SAS Institute Inc., North Carolina, USA). A non-parametric procedure (PROC
CATMOD; SAS, 1990) was used to identify significant effects of treatment on the variables
that did not present a normal distribution (plasma P and E2 concentrations, sexual receptivity
and fertility). The means were compared using the Contrast statement. The significant effect
of treatment on litter size at birth was analysed by one-way analysis of variance (ANOVA)
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using the general linear models (GLM) procedure of SAS (1990). The means were compared
using the Duncan multiple range test (SAS, 1990). Values were considered significant if p <
0.05. Data are presented as mean ± SEM.
RESULTS AND DISCUSSION
A rise in the mean E2 concentrations was observed 48 hours after doe-litter separation
compared with control does and to previous values showed by both groups (p< 0.003), (Fig.
1). The increased plasma E2 concentrations were similar to those described in does on day 1
and 8 after parturition (REBOLLAR et al., 1992; UBILLA and REBOLLAR, 1995) and may
be related to an increased follicular steroidogenic activity (OSTEEN and MILLS, 1980).

b

60

50

Oestradiol 17-beta (pg/ml)

40

a

a

a

a

a
a

30
c
20

10

0
0

24

48

18

AI
Time intervals after doe-litter
separation (hr)

Days of
pregnancy

Figure 1. Plasma oestradiol-17 concentrations in biostimulated ( ) and control ( " ) does.
The arrow indicates the time of artificial insemination (AI). Each column represents the
means ± s.e.m. of 12 samples. Significant differences between groups are indicated by
different letters (p< 0.003).
Low mean plasma P concentrations were found on day 9, 10 and 11 of the postpartum period
without differences between groups ranging 0.21 ± 0.03 ng/ml to 0.36 ± 0.08 ng/ml. These P
concentrations were lower to those previously observed in does that show oestrus signs
during the early postpartum period suggesting the absence of active corpora lutea during this
period (BOITI et al., 1996). As a negative relationship between high P levels and SR was
previously observed (FORCADA and ABECIA, 1990), no P inhibitory influence on SR
before AI could be expected among the does in this study. A higher proportion of HSR does
was observed 48 hours after doe-litter separation compared with the control group (P< 0.05),
(Fig. 2). An increased frequency of sexually receptive does was also observed after shorter
doe-litter separations (MAERTENS, 1998), or when doe rabbits were grouped together during
15 minutes before insemination (DUPERRAY et al., 1999; THEAU-CLÉMENT and
POUJARDIEU, 1999). In the rabbit, as in other species, the GnRH release and action
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appeared to be controlled by ovarian steroids and probably by endogenous opioids released
during suckling (ORSTEAD and SPIES, 1987).
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Figure 2. Sexual receptivity (SR) in control and biostimulated does. A higher proportion of
HSR does were observed in the biostimulated group compared with the control group. (* p<
0.05). HSR = high SR does; MSR = medium SR does; LSR = low SR does.
The absence of suckling episodes together with high E2 concentrations seen in biostimulated
does suggests a stimulatory effect of doe-litter separation on the ovarian activity inducing a
higher proportion of HSR does. After AI, pregnant does in both groups showed high mean
plasma P concentrations on day 18 (7.08 ± 0.05 ng/ml and 6.33 ± 0.7 ng/ml, in biostimulated
and control does, respectively) and were similar to those previously observed in rabbits with
two or more corpora lutea (MILLS and STOPPER, 1989). Non pregnant does showed P
concentrations similar to those found in pseudopregnant rabbits on day 18 during the corpus
luteum regression (GADSBY, 1989). Mean plasma E2 concentrations observed in both groups
on day 18 of pregnancy are in agreement with those obtained previously in pregnant does
(CHALLIS et al., 1973), or pseudopregnant does (DUGRÉ et al., 1989). Control does showed
lower E2 values on day 18 of pregnancy compared with biostimulated rabbits (p< 0.003);
(Fig. 1). These first results could suggest differences in the secretor activity of large follicles.
In rabbits, after ovulation, a temporary depletion of large follicles has been determined
increasing again after about 6 days (OSTEEN and MILLS, 1980). The luteal function of
rabbit corpus luteum is oestrogen dependent and E2 has been identified as the main
luteotrophic hormone (McLEAN and MILLER, 1985). Nevertheless, it would be necessary to
study the relations between follicle populations during pregnancy and fertility in lactating
does biostimulated prior to AI, as well as more frequent blood samplings in order to
determine the role of the different hormones on the reproductive doe rabbit performance. All
biostimulated does became pregnant compared to 10 of the 12 control does (100% vs. 83.3%).
These differences were not statistically significant, probably due to the reduced number of
does in each group. Litter size and the number of kits dead/litter were not affected by the
treatment (9.08 ± 0.41 vs. 9.20 ± 0.39 and 0.51 ± 0.13 vs. 0.43 ± 0.11, in biostimulated and
control does, respectively). These productivity parameters are in accordance with those
previously reported, since high fertility rate was obtained when a large number of lactating
does were inseminated after biostimulation for short periods (CASTELLINI et al., 1998;
MAERTENS, 1998). These results may indicate a major influence on the productivity of
4

nursing rabbits if biostimulation techniques are routinely employed prior to AI (THEAUCLEMENT and POUJARDIEU, 1999; DUPERRAY et al., 1999).
These findings suggest that a transient doe-litter separation causes an increase in the
proportion of does showing signs of HSR, probably induced by the absence of suckling
episodes and higher plasma E2 concentrations in the biostimulated does before AI. The basal
plasma progesterone levels observed before AI may be related to the absence of luteal
influence on SR. The lower E2 concentrations exhibited by control does on day 18 of
pregnancy may suggest differences in the secretion of E2 by large follicles. Although the
fertility and litter size did not appear to be affected by the treatment, the routine used of a
biostimulation method may produce a major impact on the productivity of nursing does.
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