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Abstract

Rabbit does can be mated shortly after parturition and sustain concurrent pregnancy and lactation. Six experiments were
performed in order to assess the effects of lactation on foetal growth and survival in primiparous rabbits, and to establish the
origin of these effects. Comparison of reproductive performance of pregnant does, concurrently lactating or not, showed that
foetal survival (29.6%) and weight (216%) at day 28 of pregnancy, were lower in females lactating 10 young. The harmful
effects of lactation on foetal survival and growth were related to the size of the suckled litter (25.2% and 2 9% in females
suckling four young). Simultaneously pregnant and lactating does increased their feed intake ( 1 56%). However, this
increase was not sufficient to meet energy requirements for both milk production and foetal development. Therefore, the
energy balance was negative (211.8 MJ in does lactating 10 young) and these females had to mobilise both protein and lipid
body reserves. The results suggest that the nutritional deficit occurring in lactating does induces a competition between the
mammary glands and the pregnant uterus for the nutrient supply which was detrimental to foetal growth. The
hyperprolactinemic status associated with lactation seems to be responsible, at least in part, for the lower foetal survival and
the reduced concentration of progesterone (221%) in lactating does. However, we could not establish a clear influence of
this decrease in progesterone on foetal mortality.

´ ´Resume

ˆ ˆ´ ´ ` ´La lapine peut etre fecondee aussitot apres la parturition et conduire une gestation et une lactation simultanees. Six
´ ´ ´ ´ ´ ´ ´experiences ont ete realisees afin de determiner les effets de la lactation sur la mortalite et la croissance foetales chez la

´lapine primipare, et d’etablir l’origine de ces effets. La comparaison des performances de reproduction de lapines gravides,
ème´allaitantes ou non, ont montre que la survie (29.6%) et la croissance foetales (216%) au 28 jour de gestation, sont plus

´ ´faibles chez les femelles allaitant 10 lapereaux. Cet effet negatif de la lactation sur la mortalite et la croissance foetales sont
` ´ ´proportionnels a la taille de la portee allaitee (25.2% et 2 9% chez les femelles allaitant quatre lapereaux). Les femelles

´simultanement gravides et allaitantes augmentent leur ingestion d’aliment ( 1 56%). Cependant, cette augmentation est
` ´ ´ ` ´insuffisante pour satisfaire a la fois les besoins energetiques pour la production laitiere et le developpement foetal. Par

´ ´ ´ ´consequent, le bilan energetique de ces femelles est negatif (211.8 MJ chez les femelles allaitant 10 lapereaux) et elles
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´ ´ ´ ` ´doivent mobiliser leurs reserves proteiques et lipidiques. Nos resultats suggerent que le deficit nutritionnel qui survient chez
ˆ ´ ´ ´les femelles allaitantes entraıne une competition entre les glandes mammaires et l’uterus gravide pour la repartition des

´ ´ ´ ´ `nutriments qui se realise au detriment de la croissance foetale. L’hyperprolactinemie associee a la lactation semble, au moins
´ ´partiellement, responsable de la diminution de la survie foetale et de la progesteronemie (221%) chez les femelles

´ ´allaitantes. Toutefois, nous n’avons pas pu etablir de relations claires entre la diminution des niveaux de progesterone et la
´mortalite foetale chez ces animaux.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction with milk production and (2) the hormonal milieu of
lactation creates an unfavourable environment for the

¨In rabbit does, ovulation is induced by coıtus and establishment and maintenance of pregnancy.
the high receptivity immediately after parturition
allows concurrent pregnancy and lactation. When
does are mated on the day of parturition, concurrent

2. Material and methodspregnancy and lactation does not affect milk pro-
duction or milk composition during the first three

2.1. Animalsweeks of lactation. During the fourth week post
partum, milk production is slowly lowered in non-

Females used in all the experiments werepregnant does. In contrast, milk production decreases
crossbred does from INRA lines (New Zealand 3sharply in pregnant does, and milk secretion stops
Californian). They were mated within 24 h after theirspontaneously at day 28 of pregnancy, three days
first parturition (day 0, 2260.2 weeks of age) andbefore the next parturition (Lebas, 1972).
were assigned to one of the experimental groupsAs a general rule, receptivity is lower in lactating
according to their weight and litter size. Non-lactat-than in non-lactating females (review: Theau-
ing females were weaned the day of parturition,´Clement and Roustan, 1992). Previous workers have
while lactating females were allowed to suckle fourshown that occurrence of ovulation (Foxcroft and
(group FL in experiment 1) or 10 young (all theHasnain, 1973), ovulation rate (Harned and Casida,
other groups of lactating females). Litters were1969; Lamb et al., 1991) and fertilisation of oocytes
equalised at birth by crossfostering or culling.`(Torres et al., 1977) are lower in lactating than in
Females were caged individually with a controllednon-lactating does. Effects of lactation on embryonic
light /dark cycle (16 h/8 h) and had free access tomortality are controversial. A higher mortality was
water. Does and their young (if present) wereobserved in some experiments (Garcia et al., 1983;
weighed weekly, and food intake was determined atGarcia and Perez, 1989), whereas no effect was
that time.`observed in others (Harned and Casida, 1969; Torres

et al., 1977; Partridge et al., 1984; Lamb et al.,
1988). The effects of concurrent pregnancy and 2.2. Foetal growth and mortality
lactation on foetal growth and survival have been
scarcely investigated and the underlying mechanisms Does were slaughtered on day 28 post partum in
are not known. order to study reproductive performance. The genital

The aims of the present experiments were to tract was removed and dissected immediately after
quantify the effects of concurrent pregnancy and slaughter. Ovulation rate was determined by count-
lactation on foetal growth and mortality in rabbits ing the number of corpora lutea. Foetuses were
(experiments 1 and 2) and to determine which divided into live (L) and dead foetuses (D). Foetal
mechanisms were involved (experiments 3 to 6). mortality (FM) was defined as FM 5 (100 3 D)/
Two main non-exclusive hypotheses were tested: (1) (L 1 D), and foetal survival as 100 2 FM. Live
the nutrient availability for foetal development is not foetuses and their placentas were individually
adequate in lactating does due to the competition weighed. Additionally, does were dissected in order
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to weigh carcass and dissectable adipose tissues. In the stomach and weighed. The weight at birth was
some experiments, the litters (experiments 2, 3 and calculated as live weight-milk weight in the stomach.
4) and the carcasses of the does (animal without Litters were then frozen in order to determine their
skin, digestive and genital tracts; experiments 3 and chemical composition. Females had free access to a
4) were frozen immediately after slaughter until commercial diet containing 17.5% crude proteins and
analyses. Representative samples of ground matter 10.9 MJ of digestible energy/kg of dry matter.
were freeze dried and analysed for dry matter (24 h
at 1038C), proteins (N 3 6.25), ash (incineration for 2.4. Effects of the energy balance of the mother
6 h at 5508C) and energy (adiabatic calorimeter). on foetal growth and mortality
Lipid percentage was estimated by difference.

2.4.1. Experiment 3 (Fortun et al., 1994b)
2.3. Characterisation of the effects of concurrent Fifty nine females were weaned at birth and were
lactation on foetal growth and mortality fed 190 g/day (control group close to ad libitum

feeding, CW group, n 5 20), 120 g/d (to meet
2.3.1. Experiment 1 (Fortun et al., 1993; Fortun maintenance energy requirements, MW group, n 5

and Lebas, 1994a) 20) or 120 g/day during the first week of gestation
One hundred and twenty nine females (divided in and 80 g/day thereafter (severely restricted females,

two replicates) were assigned to one of three ex- RW group, n 5 19). The feed was a commercial diet
perimental groups. Females were weaned at parturi- containing 17.5% crude proteins and 10.9 MJ of
tion (W group, n 5 52) or allowed to lactate ten (TL digestible energy/kg of dry matter. Females were
group, n 5 50) or four young (FL group, n 5 27) and slaughtered on day 28 post partum. Energy balance
were slaughtered on day 28 post partum. Females of the does (0–28 days post partum) was estimated
had free access to a commercial diet containing as in experiment 1.
17.5% of crude proteins and 10.9 MJ of digestible
energy/kg of dry matter. Blood samples were taken 2.4.2. Experiment 4 (Fortun-Lamothe and Lebas,
on days 7 and 17 to assay plasmatic progesterone 1996)
levels (Thibier and Saumande, 1975). Energy bal- Sixty eight females were allowed to suckle ten
ance of the does during the experiment (0–28 days young and were given ad libitum access to a
post partum) was estimated by difference between moderate-energy diet (9.88 MJ of digestible energy/
energy supply (from feed intake) and energy require- kg of dry matter, group MTL, n 5 23) or to one of
ments (Fortun and Lebas, 1994b) for maintenance two high-energy diets (12.2 MJ of digestible energy/

0.75( 5 420 and 468 kJ /day/kg for pregnant and kg of dry matter). In the high-energy diets, energy
simultaneously pregnant and lactating does, respec- came from starch (HSTL group, n 5 23) or starch 1

tively; Parigi-Bini et al., 1990a and 1992), for milk fat (3% of vegetable fat added, HFTL group, n 5

production (energy content of the milk 5 8.29 KJ/g 22). Females were slaughtered on day 28 post
and efficiency of utilisation of digestible energy for partum.
milk production 5 0.63; Parigi-Bini et al., 1990b and
1991) and for foetal growth (efficiency of utilisation 2.5. Effects of hormonal (prolactin and
of digestible energy for foetal growth 5 0.27; Parigi- progesterone) levels on foetal growth and mortality
Bini et al., 1991).

2.5.1. Experiment 5 (Fortun et al., 1994a)
2.3.2. Experiment 2 (Fortun-Lamothe and Lebas, Sixty five females were weaned the day of parturi-
1998) tion and had free access to a commercial diet

Sixty-two females were assigned to one of two containing 17.5% crude proteins and 10.9 MJ of
experimental groups. Females were weaned at birth digestible energy/kg of dry matter. Females received
(W group, n 5 30) or allowed to lactate 10 young subcutaneously, 1 mg of ovine prolactin (Sigma;
(TL group, n 5 32). At the second parturition, new- PrlW group, n 5 31) or vehicle [1 ml of phosphate-
born rabbits were individually weighed and slaug- buffered saline (PBS), pH 7.4; VehW group, n 5 34]
htered. After slaughter, the milk was removed from once a day from day 7 to day 21 post partum. Blood
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samples were collected on days 5 and 16, 2 h after gained weight ( 1 5.3%, P , 0.001). At slaughter on
the injection in order to assay plasmatic levels of day 28, live weight as well as carcass and adipose
prolactin (ovine and rabbit prolactin separately, oPrl tissues weights were the highest in W does and the
and rPrl) and progesterone. A specific prolactin assay lowest in TL does. Feed intake was higher in
was developed using reagents supplied by the Na- lactating ( 1 42% in the FL group, 1 56% in the TL
tional Hormone and Pituitary Program (Dr. Parlow, group) than in non-lactating females (P , 0.001).
Harbour-UCLA Medical Center, USA). Progesterone Energy balance over the period 0–28 days post
levels were measured according to a previously partum was negative for lactating females (28.9 and
described method (Thibier and Saumande, 1975). 2 11.8 MJ in FL and TL does, respectively) and
Females were slaughtered on day 28 post partum. positive for non-lactating females ( 1 12.5 MJ). The

number of live foetuses at day 28 of gestation was
2.5.2. Experiment 6 (Fortun, 1994) similar in the three groups, but foetal mortality was

Fifty-eight females were allowed to suckle 10 higher in the TL (14.1%) than in the W group
young and were given ad libitum access to a (4.9%), and intermediate in the FL group (9.9%).
commercial diet containing 17.5% crude proteins and Foetuses (216%) and placentas (29%) were lighter
10.9 MJ of digestible energy/kg of dry matter. On in TL than in W does (P , 0.01), and intermediate in
day 7, females received under general anaesthesia FL does (Table 1). Progesterone levels were 21%
(xylazine, 5 mg/kg and ketamine, 20 mg/kg) two lower in the TL and FL groups than in the W group
subcutaneous implants which were either empty on days 7 and 17 of pregnancy (P , 0.001).
(EmTL group, n 5 29) or filled with crystalline
progesterone (Sigma, PgTL group, n 5 29). Each 3.2. Experiment 2
implant was a 5 cm segment of silastic medical
tubing (Dow Corning 601-325) sealed by medical Litter size at the 2nd parturition was not sig-
adhesive silicone. Implants were incubated in 0.9% nificantly different between non-lactating and lactat-
NaCl overnight prior to use. Blood samples were ing females. However, the percentage of small litters
collected on days 7, 16 and 25 in order to assay ( # 7 young) tended to be higher in the TL than in
plasmatic levels of progesterone (Thibier and the W group (11/32 vs. 5 /30, P 5 0.11). The empty
Saumande, 1975). Females were slaughtered on day weight of new-born rabbits was 2.1% lower in the
28 post partum. TL than in the W group (P 5 0.019, Table 1). The

lipid (233.1%), protein (22.3%) and energy con-
2.6. Statistical analyses tents (24.8%) were lower, while the water ( 1 2.8%)

and the ash contents ( 1 2.8%) of the new-born
All data were analysed by analysis of variance rabbits were higher in the TL than in the W group

using the SAS (1990) package. When treatments (Table 2).
differed significantly (P , 0.05), differences between
means were tested using the Ryan–Einot–Gabriel– 3.3. Experiment 3
Welsch multiple F test.

Feed intake, variations in the live weight through-
out gestation, as well as weights of the carcass and

3. Results of adipose tissues in control non-lactating females
were similar in the present experiment and in non-

3.1. Experiment 1 lactating females fed ad libitum in experiment 1.
Therefore, feed intake of the control females from

Live weight of does was similar in non-lactating the present experiment was close to ad libitum, as
and both groups of lactating females from mating anticipated. Live weight as well as carcass and
until day 14. During the second half of pregnancy, adipose tissues weights were lower in restricted
lactating does lost weight (25.5% and 2 2.5% in TL (MW and RW) than in control females (P , 0.001).
and FL groups, respectively) while weaned does Lipid percentage and energy content per 100 g of
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Table 1
Effects of lactation during pregnancy and size of the suckled litter on body composition and reproductive performance of primiparous rabbit
does on day 28 post partum (adapted from Fortun et al., 1993; Fortun and Lebas, 1994a)

Experiment 1 Group S.E.M. Prob . f

W FL TL

Number of does 52 27 50

Live weight of does (g) 4299 a 3943 b 3834 b 34.5 , 0.001
Carcass weight of does (g) 2392 a 2117 b 2061 b 23.6 , 0.001
Adipose tissue weight of does (g) 124 a 53 b 41 b 4.7 , 0.001

Number of corpora lutea 11.2 11.1 11.0 0.16 NS
Number of live foetuses 9.2 8.4 8.3 0.22 0.12
Number of dead foetuses 0.48 b 0.92 ab 1.36 a 0.10 , 0.001
Foetal mortality (%) 4.9 b 9.9 ab 14.1 a 1.1 , 0.001
Foetal weight (g) 40.0 a 37.6 b 33.6 c 0.45 , 0.001
Placenta weight (g) 7.7 a 7.1 b 7.0 b 0.1 , 0.001

Treatment groups: W: non-lactating females; FL: females suckling four young; TL: females suckling 10 young. For calculation of foetal
mortality, see Section 2.2.

Table 2 of proteins (P , 0.001) and lipids in the foetuses
Effects of lactation during pregnancy on weight and composition increased with the feed intake of the does, whereas
of newborn rabbits (adapted from Fortun-Lamothe and Lebas,

that of water decreased (P , 0.001).1998)
aExperiment 2 Group S.E.M. Prob . f 3.4. Experiment 4

W TL

From days 0 to 21, digestible energy intake ofNumber of litters 30 32
lactating does increased with the energy content of

New born rabbits 9.3 8.5 0.3 NS the diet and with the introduction of fat (2.88, 3.09
Weight at birth (g) 52.9 51.8 0.4 0.019 and 3.34 MJ/day, in the MTL, HSTL and HFTL
Water (%) 79.6 81.8 0.2 , 0.001

groups, respectively, P , 0.05). On day 28 of preg-Proteins (%) 11.9 11.6 0.07 0.052
nancy, weights of carcasses were similar in the threeLipids (%) 6.1 4.1 0.2 , 0.001

Ash (%) 2.48 2.55 0.02 0.055 groups, but the weight of adipose tissues was higher
Energy (MJ/kg) 5.60 5.32 0.3 , 0.001 in the HSTL than in the two other groups (P ,

a Treatment groups: W: non-lactating females, TL: females 0.005). Lipid and energy contents of does were
suckling 10 young. lower, whereas water content was higher in the MTL

group than in the two other groups (P , 0.001).
Total milk production between birth and 21 days,

maternal carcasses increased with feed intake, estimated by litter growth (Lebas, 1969), was higher
whereas percentage of water decreased (P , 0.001). in HFTL (4.18 kg) than in HSTL does (3.58 kg,
The energy balance of the does was positive in the P , 0.05), the MTL group being intermediate (3.8
CW group ( 1 11.8 MJ) and negative in the other kg). There was no significant difference between
groups (26.4 MJ and 2 14.4 MJ in MW and RW treatments either in the numbers of live and dead
females, respectively). Numbers of live and dead foetuses, or in the weights of foetuses and placentas
foetuses, and foetal mortality were not different (Table 3). Water, protein and ash contents of foetuses
between treatments. However, the weights of placen- were not altered by the diet, whereas lipid content
tas and foetuses increased significantly with the feed tended to be higher in the HFTL group than in the
intake of the does (P , 0.001, Table 3). Percentages two other groups (P , 0.1).
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Table 3
Effects of the energy balance of pregnant does (adapted from Fortun et al., 1994b) or simultaneously pregnant and lactating does (adapted
from Fortun-Lamothe and Lebas, 1996) on body composition, reproductive performance and chemical composition of the litters on day 28
post partum

Experiment 3 Experiment 4

CW MW RW S.E.M. Prob . f MTL HSTL HFTL S.E.M. Prob . f

Number of does 20 20 19 23 23 22
Live weight of the does (g) 4371 a 3952 b 3838 b 42 , 0.001 3859 3923 3891 35.7 NS
Carcass weight of the does (g) 2369 a 2219 b 2172 b 23 , 0.001 1858 1960 1907 19.2 NS

Body composition of the does
Adipose tissues (g) 121 a 85 b 71 b 5 , 0.001 28 52 38 2.5 , 0.01
Water (%) 59.1 c 62.2 b 64.6 a 0.5 , 0.001 66.8 b 63.0 a 64.3 a 4.0 NS
Proteins (%) 18.9 19.2 18.9 0.1 NS 21.1 21.1 21.0 0.3 NS
Lipids (%) 19.3 a 15.6 b 13.4 b 0.6 , 0.001 7.3 b 11.1 a 9.9 a 0.6 , 0.001
Ash (%) 3.6 3.7 3.8 0.1 NS 4.8 4.8 4.8 0.1 NS
Energy (MJ/kg) 11.8 a 10.5 b 9.6 c 0.2 , 0.001 0.78 b 0.92 a 0.88 a 0.02 , 0.001

Reproductive performance
Number of corpora lutea 11.8 10.8 11.9 0.3 NS 11.4 11.0 11.1 0.2 NS
Number of live foetuses 9.5 8.2 8.6 0.3 NS 9.5 9.3 9.1 0.3 NS
Number of dead foetuses 0.85 0.45 1.00 0.1 NS 0.7 0.9 0.9 0.1 NS
Foetal mortality (%) 7.6 4.2 8.5 1.2 NS 5.8 8.7 6.7 1.1 NS
Foetal weight (g) 40.2 a 36.1 b 30.5 c 0.8 , 0.001 33.4 31.2 32.3 0.5 NS
Placenta weight (g) 7.1 6.6 5.5 0.2 , 0.001 7.0 6.9 6.7 0.1 NS

Body composition of the litters
Water (%) 84.1 a 85.0 b 85.6 c 0.1 , 0.001 85.0 85.1 84.9 0.1 NS
Proteins (%) 10.3 a 9.6 b 9.1 c 0.1 , 0.001 9.7 9.6 9.6 0.1 NS
Lipids (%) 3.6 3.5 3.5 0.1 NS 3.4 3.4 3.6 0.1 NS
Ash (%) 1.9 1.8 1.8 0.01 NS 1.9 1.9 1.9 0.01 NS
Energy (MJ/kg) 3.55 3.53 3.36 0.01 NS 3.4 3.4 3.4 0.004 NS

Treatment groups: CW: non-lactating females fed close to ad libitum; MW: non-lactating females fed to the maintenance requirements;
RW: non-lactating females severely feed-restricted; MTL: lactating females given a moderately energetic diet; HSTL: lactating females
given a starch rich diet; HFTL: lactating females given a fat enriched diet. For calculation of foetal mortality, see Section 2.2.

3.5. Experiment 5 (P , 0.05) and the weight of adipose tissues were
lower (P , 0.01) in the PrlW than in the VehW

Plasma concentrations of prolactin and progester- group. The number of live foetuses was lower while
one were similar in both groups before the period of foetal mortality was higher in the PrlW than in the
treatment on day 5 of gestation. On the opposite, VehW group (P , 0.01). Weights of foetuses and
during the period of treatment on day 16 of gesta- placentas were lower in the PrlW than in the VehW
tion, prolactin was 4.5-fold higher in PrlW than in group (P , 0.01, Table 4). Nevertheless, when data
VehW does (112 vs. 24.4 ng/ml of oPrl 1 rPrl, P , were adjusted for feed intake during the period of
0.001). Simultaneously, progesterone was 21% lower prolactin supplementation (covariance analysis),
in PrlW than in VehW does (P , 0.01). Prolactin there was no longer any difference between groups
supplementation decreased feed intake of non-lactat- for the weight of foetuses.
ing females during the period of treatment (146 and
196 g/day from days 7 to 21 of gestation in PrlW 3.6. Experiment 6
and VehW females, respectively; P , 0.001). How-
ever, feed intake was similar in both groups before On day 7 (before inserting implants), the con-
and after this period. On day 28, the live weight centration of progesterone was similar in both
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Table 4
Effects of prolactin (adapted from Fortun et al., 1994a) or progesterone (adapted from Fortun, 1994) treatment on reproductive performance
of does slaughtered on day 28 post partum

a aExperiment 5 Experiment 6

VehW PrlW S.E.M. Prob . f EmTL PgTL S.E.M. Prob . f

Number of does 34 31 29 29

Live weight of the does (g) 3920 3747 43 , 0.05 3703 3769 41 NS
Carcass weight of the does (g) 2089 2030 28 NS 1887 1925 23 NS
Adipose tissues of the does (g) 162 126 8 , 0.01 26 25 2 NS

Number of corpora lutea 10.7 11.2 0.2 NS 11.2 11.2 0.3 NS
Number of live foetuses 7.9 6.8 0.3 , 0.01 8.0 8.9 0.4 NS
Number of dead foetuses 0.9 2.3 0.2 , 0.01 0.7 0.9 0.2 NS
Foetal mortality (%) 10.6 24.5 2.4 , 0.01 10.8 9.5 3.2 NS
Foetal weight (g) 38.6 35.8 0.6 , 0.01 36.1 35.3 0.7 NS
Placenta weight (g) 7.3 6.7 0.2 , 0.01 7.5 7.2 0.2 NS

a Treatment groups: VehW: non-lactating females injected with vehicle; PrlW: non-lactating females injected with prolactin; EmTL:
lactating females receiving empty implants; PgTL: lactating females receiving progesterone implants. For calculation of foetal mortality, see
Sections 2.2.

groups. It was 29.4% higher in PgTL than in EmTL composition between does which were lactating or
females on day 16 (15.4 and 11.9 ng/ml in PgTL not shows that this mobilization affects lipid and
and EmTL females, respectively; P , 0.01) and protein reserves. Similarly, Parigi-Bini et al. (1992)
41.4% higher on day 25 (14.0 and 9.9 ng/ml, P , have shown that 6% and 49% of the initial body
0.01). Progesterone treatment of lactating does had contents in proteins and lipids were respectively
no effect on their feed intake, live weight or body mobilized at the end of the second pregnancy-lacta-
composition at slaughter. Weights of foetuses and tion. Additionally, present results show that the
placentas, as well as the number of live foetuses and extent of body reserve mobilization increases with
foetal mortality were not significantly different be- the size of the suckled litter.
tween the two groups (Table 4). For instance, there Present data show that feed intake is higher for
were 0.9 more live foetuses in PgTL than in EmTL simultaneously pregnant and lactating does than for
females, but the difference was not significant. pregnant non-lactating does, and is influenced by

litter size (thus milk production) as previously
demonstrated (Lebas, 1987). Nevertheless, feed in-

4. Discussion take in pregnant-lactating does is not sufficient to
meet nutrient requirements for both milk synthesis

4.1. Effects of concurrent pregnancy and lactation and foetal development and the energy balance is
on foetal growth and mortality, energy balance highly negative in pregnant-lactating does (211.8
and hormonal levels in the does. MJ for 10 young suckled) while it is positive in

pregnant non-lactating does ( 1 12.5 MJ). Energy
Our data show that the live weight of simul- deficit increases with the size of the suckled litter

taneously pregnant and lactating does decreases (28.9 MJ for four young suckled). Body reserve
during the second half of pregnancy. Such a de- mobilization allows to meet the energy and protein
crease, which occurs despite development of the requirements of these pregnant lactating females.
pregnant uterus, must be due to mobilization of body Inadequacy between energy intake and requirements
reserves. Indeed, comparison at the end of pregnancy during lactation have been previously shown in other
of the weights of the carcasses and of adipose farm species (reviews: Buttler and Smith, 1989;
tissues, as well as comparison of the chemical I’Anson et al., 1992; Quesnel and Prunier, 1995).
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Previous studies concerning the effects of lactation retion of placental luteotrophin may contribute to
on prolificacy were controversial (review: Fortun- decrease progesterone secretion. Secondly, high
Lamothe and Bolet, 1995). At day 28 of pregnancy, levels of prolactin inhibit steroidogenesis in the
our experiments show that the number of dead rabbit (Lin et al., 1987). Therefore, during lactation,
foetuses is higher in simultaneously pregnant and hyperprolactinemia could inhibit progesterone secre-
lactating does than in pregnant non-lactating does. tion. Such a hypothesis is supported by the observa-
This negative effect of lactation on foetal viability tion of lower concentrations of progesterone in does
seems to be proportional to the size of the suckled receiving prolactin injections (experiment 5). Third-
litter. In contrast, our data do not show any signifi- ly, suckling stimulates oxytocin release from pitui-
cant effect of the concurrent lactation on litter size at tary (Fuchs et al., 1984). Since this hormone seems
parturition, three days later. However, the percentage to play a luteolytic role (Flint and Sheldrick, 1986;
of small litters tends to be higher in lactating does Sawyer et al., 1986), it could inhibit progesterone
compared to non-lactating does. secretion in lactating does. Finally, it has been

At day 28 of pregnancy, foetal (216.0%) and demonstrated in the pig, that increasing feed intake
placental (29%) weights are lower in does suckling leads to a higher clearance rate of progesterone in the
10 young than in non-lactating does. This negative liver and hence to lower peripheral levels of this
effect of lactation on foetal growth is proportional to hormone (Symonds and Prime, 1989). Since feed
the size of the suckled litter. At birth, the difference intake is increased in lactating does, such phenom-
in weight of the rabbits born from lactating and from enon may contribute to decrease progesterone con-
non-lactating does is of lower amplitude (22.1%). centrations.
Therefore, a compensatory growth probably occurs Taken together, these results indicate that, in
during the last three days of gestation after cessation pregnant-lactating does, spontaneous feed intake is
of lactation. However, this compensatory growth is not sufficient to meet the nutrient requirements for
not sufficient to compensate for the retardation both foetal development and milk production, and
occurring before day 28 of gestation. Indeed, dry that foetal growth and mortality are altered. Addi-
matter, protein, lipid and energy contents measured tionally, the endocrine status of pregnant does is
at birth in rabbits born from lactating does are modified by concurrent lactation: progesterone levels
reduced compared to rabbits from non-lactating does. are lowered, while prolactin levels are greatly in-
This is in agreement with results of Parigi-Bini et al. creased during lactation (McNeilly and Friesen,
(1992). As a general rule, it seems that physiological 1978). Therefore, the harmful effects of lactation on
maturation of young from simultaneously pregnant foetal growth and mortality may be related to the
and lactating does is delayed. Indeed, Gondret et al. nutritional deficiency and/or to the hormonal milieu
(1997) demonstrated that maturation of the muscular of lactation. Experiments have been performed in
fibres is delayed in such young rabbits. Moreover, order to differentiate between the effects of the
the number of pre-ovulatory follicles at 70 days of nutritional deficit due to the high metabolic demand
age is lower in daughters born from lactating for milk production and of the hormonal environ-
mothers compared to daughters from non-lactating ment due to suckling (high prolactin levels, de-
mothers (Fortun-Lamothe et al., 1999). creased progesterone levels).

Progesterone levels during pregnancy are lower in
lactating than in non-lactating does. A difference in 4.2. Effects of energy balance of the doe on foetal
ovulation rate cannot be involved because it is growth and mortality
similar in lactating and weaned does. The origin of
lower progesterone levels remains unknown but In order to assess, independently of suckling, the
several hypotheses can be evoked. Firstly, the action role of the nutritional deficit in the impairment of
of oestrogens is regulated by a placental luteotrophic foetal survival and growth, non-lactating does were
hormone (Gadsby and Keyes, 1984). Our results submitted to a feed restriction calculated to mimic
show that placentas are lighter in lactating than in the energy deficit occurring in lactating does (experi-
non-lactating does. Consequently, compromised sec- ment 3). Feed restriction induced lower live weight,
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lipid percentage and energy content of the maternal induced by milk production is involved in the
body in agreement with previous results (Lebas, impairment of foetal growth in concurrently pregnant
1973; Sadurskis et al., 1991). These decreases were and lactating rabbit does whereas it is probably not
proportional to the level of feed restriction. Addition- responsible for the increased foetal mortality. Nutri-
ally, the estimated energy balance calculated in feed- tional competition between the mammary glands and
restricted does was similar to that observed in the pregnant uterus could be a competition for blood
simultaneously pregnant and lactating does. At day flow or(and) a competition for nutrient uptake.
28 of gestation, weights of foetuses and placentas, as Indeed, mammary glands and foetuses utilise the
well as dry matter and protein contents of the same substrates such as glucose, amino acids, long-
foetuses, were lower in feed-restricted females than chain fatty acids and free fatty acids (Elphick and
in fully fed does, in accordance with previous results Hull, 1977; Jones and Parker, 1981; Jones and
(Young and Widdowson, 1975; Lederman and Rolph, 1985; Fraga et al., 1989; Stephenson et al.,
Rosso, 1980; Rosso and Kava, 1980). Our results do 1990). Moreover, blood flow is preferentially di-
not show any effect of the feed level on foetal rected toward the uterus during pregnancy, mainly
mortality. However, a possible influence of feed due to oestrogens, whereas it is redirected toward the
restriction on foetal mortality could have been mammary glands during lactation, mainly due to
masked by the fact that foetal mortality was rela- prolactin (Bauman and Currie, 1980). The influence
tively high in the control group of experiment 3 of blood flow on foetal growth has been pointed out
compared to previous experiments (7.6% vs. 4.9%). by Johnson et al. (1985) who have shown that foetal

Our data show that increasing the dietary energy weight is correlated with the placental blood flow
content allows to increase the daily digestible energy (r 5 0.67).
intake (experiment 5) in agreement with previous
results (Partridge et al., 1986; Fraga et al., 1989; 4.3. Effects of the hormonal status of the does on
Xiccato et al., 1995). Since addition of fat to the diet foetal growth and mortality
increases milk production (Fraga et al., 1989; Cer-
vera et al., 1993), it may remain without positive In most mammal species, and more especially in
influence on the energy balance of lactating does as the rabbit, progesterone levels must be sufficient to
observed by Xiccato et al. (1995). Contrarily, our ensure a uterine environment favourable to the
results indicate that lipid content of the maternal establishment and maintenance of pregnancy (Nis-
carcasses is higher and thus lipid mobilization is wander and Nett, 1988). Therefore, low concen-
lower in the two groups of females receiving the trations of progesterone in lactating does during
high-energy diets regardless of the addition of fat. pregnancy (see above) may be detrimental to foetal
However, milk production and lipid mobilization are growth and survival. Treatment of lactating does
higher in the females given the fat-diet than in the with progesterone implants allowed to maintain their
females given the starch-diet. Our data do not show progesterone concentrations (experiment 6) at levels
any significant effect of the dietary energy content similar to those observed in non-lactating does
nor of the fat addition on foetal growth or mortality. (experiment 1). However, it did not prevent the
However, the lipid content of the foetuses tends to be negative effects of lactation on foetal growth and
increased in does receiving the fat-enriched diet. The survival as shown by similar foetal weight and
permeability of rabbit placentas to fatty acids could mortality at day 28 of pregnancy in both treated and
explain this result (Elphick and Hull, 1977). Taken control lactating females.
together these results suggest that, when females Suckling occurs once a day in the rabbit species
receive a high-energy diet, additional energy intake (Zarrow et al., 1965) and stimulates prolactin release
is used preferentially for milk synthesis (especially if within 15 min. Concentrations of prolactin after
energy comes from fat) or maternal storage (espe- nursing are two- to 10-fold higher than the levels
cially if energy come from starch) and only margi- observed during pregnancy (McNeilly and Friesen,
nally for foetal growth. 1978). This hyperprolactinemia may be involved in

Overall, our data support that the energy deficit the impairment of foetal growth and survival occur-
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ring in pregnant lactating does. In order to test this Bazer, 1987) as well as water and ionic transport
hypothesis, we have determined the effects of ovine throughout the epithelium (Rabbee and McCoshen,
prolactin supplementation injections in pregnant non- 1986). In addition, prolactin increases the progester-
lactating does (experiment 5). The pattern of in- one receptor endometrial concentration (Chilton and
jection which was used (1 mg of ovine prolactin / Daniel, 1987) and stimulates the secretion of prosta-
day/doe) allowed to increase prolactin, as measured glandins, which may themselves modify the endo-
2 h after the injection, to similar levels as those metrial vascularization during pregnancy (Hodgen
found in lactating rabbits after suckling (McNeilly and Itskovitz, 1988).
and Friesen, 1978). Feed intake was reduced during Taken together our results suggest that hyper-
the period of prolactin injection. In prolactin-treated prolactinemia due to suckling could be involved in
females, foetal survival and weight were reduced. the lower foetal survival occurring in pregnant-lactat-
However, it seems that the effects of prolactin on ing does whereas the influence of the decreased
foetal growth were essentially linked to the reduction levels of progesterone is not clear.
in feed intake. Several mechanisms could explain the
detrimental effect of hyperprolactinemia on foetal
survival. High levels of prolactin could affect the 5. Conclusion
relations between the uterus and the foetuses. Indeed,
prolactin modifies endometrial cellular differentia- Concurrent lactation during pregnancy reduces
tion, quality of the uterine secretions (Daniel and foetal growth and survival, and these harmful effects
Juneja, 1989; Chilton and Daniel, 1985; Young and increase with the size of the suckled litter. At least

Fig. 1. Mechanisms involved in the detrimental effects of lactation on foetal growth and mortality.
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response to progesterone as influenced by growth hormone ortwo phenomena seem to be involved in these effects.
prolactin. J. Reprod. Fertil. 79, 581–587.Firstly, in primiparous rabbit does, the spontaneous

Daniel, J.C., Juneja, S.C., 1989. Amplification of uterine secretion
energy intake is not sufficient to meet the nutrient by altering prolactin-progesterone administration. J. Endo-
requirements for both milk synthesis and foetal crinol. 122, R5–R6.

Elphick, M.C., Hull, D., 1977. The transfer of free fatty acidsdevelopment. A nutritional competition occurs be-
across the rabbit placenta. J. Physiol. 264, 751–766.tween the mammary glands and the pregnant uterus

Flint, A.P.F., Sheldrick, E.L., 1986. Ovarian oxytocin and the
which is detrimental for foetal growth. However, maternal recognition of pregnancy. J. Reprod. Fertil. 76, 831–
additional energy intake when females are offered a 839.

Fortun, L., 1994. Influence of progesterone supplementation onhigh-energy diet is used preferentially for milk
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does. Reprod. Nutr. Dev. 34, 125–131.on foetal growth. Secondly, high levels of prolactin
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