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Abstract

The objective of our work was to study the effect of parity the parity of the does, the intra uterine position and
vascularization of the fetuses and their number per horn on, available uterine space and placentae development in
the rabbit at two stages (nulliparous and primiparous). To this aim, twenty rabbit does of locally Algerian
population were distributed in two groups of 10 each (nulliparous and primiparous). The does were mated and
slaughtered on 24™ day of gestation. In the group of fetuses receiving poor blood supply (< 4 blood vessels), the
individual weight and the crown-rump were lower (- 24.4 and - 12.6% respectively; p < 0.05) compared to those
with higher number of blood vessels (> 5). The intra uterine position affects significantly the individual weight of
maternal placenta and the heavier one was located in the oviduct. Significant interaction between parity and the
number of blood vessels was recorded for the individual weight of fetal placenta (p < 0.05). Available uterine
space was lower in the primiparous, in the middle position and in the class of fetuses with lower blood supply. In
primiparous, the horns with 5 or 6 fetuses presented a better vascularization than those with the same number in
nulliparous (+25%). The fetal weight and crown-rump decreased when the number of fetus per horn increased
(p<0.05). A significant interaction was recorded between the parity and the number of fetus per horn for the weight
of maternal placenta (+ 15% and + 30% respectively in the horn within 3 or 5 fetuses in nulliparous; p < 0.05).
Available uterine space was greater in nulliparous compared to the primiparous and decreased when the number of
fetus per horn increased. These results suggest that available uterine space and fetal development at 24™ of
pregnancy are affected respectively by parity of the rabbit and the vascularization of the implantation site.
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1. Introduction

The weight and corporal composition of the rabbit kits at birth play an important role on their survival and
development before weaning and thereafter during all stages of their life. Szendr6 et al. (1996), Ferguson et al.
(1997) studied the influence of birth weight on ulterior performances of rabbits kits up to 12 weeks of age. Higher
weight at birth (45.2 vs 63.8 g (Szendrd et al., 1996) and 57 vs 70 g (Vasquez and al., 1997) results in a higher
weight at 21 days of age (309 vs 389 g and 328 vs 368 g, respectively) and at 12 weeks of age (2436 vs 2887 g and
3003 vs 3101 g, respectively). According to Szendrd et al. (1996), the mortality rate is lower (- 12.6%) in the class
of rabbits with a birth weight between 60 and 69 g compared to rabbits kits weighing between 40 to 49 g. The
weight of rabbit kits at birth is influenced by several factors during the pregnancy period (litter size, kindling
number, physiological status, nutrition, intra uterine position and vascularization of the fetuses). Indeed, the
average individual birth weight increase when the litter size decrease, as the degree of nutrient supply per foetus is
more favorable in does carrying fewer young (Duncan, 1969; Lebas, 1982; Garcia-Ximenez & Vicente, 1993;
Bolet, 1994; Bolet et al., 1996). The growth of the fetuses is influenced also by the parity order of the doe. The
progeny of multiparous is substantially heavier than that of the offspring of nulliparous (Baselga et al., 1992;
Farghaly, 1996; Eiben et al., 1996; Szendro et al., 1998; Belabbas et al., 2011). In his study, Parigi-Bini and
Xiccato (1993) reported that the birth weight was 6 to 10% lower in nulliparous compared to multiparous rabbit
does. As the first insemination of the females is realized when they reach 75 to 80% of their adult, a considerable
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proportion of the nutrients available during their first pregnancy is still being affected for the development of their
own tissues, to the detriment of the fetal growth. Otherwise, the production of milk in the nursing does affects
negatively the growth of the fetuses. Fortun et al. (1993) had compared the suckling does with non-suckling
controls and observed a 20% difference in the fetal weight at 28 days, despite the fact in the suckling does; the feed
intake was 78% higher. The effect of lactation increases when the quantity of milk production by female is higher.
In the same way, Fortun et al. (1994) and Fortun-Lamothe (1998) found a low fetal weight (p < 0.05) rabbits does
which were subjected to different degrees of feed restriction. In non-suckling primiparous does, a feed restriction
(75% of ad libitum) decrease significantly the fetal weight (-24%). The weight of fetuses is related also to their
position in the uterine horn.

Indeed, the heaviest fetuses are situated in the oviduct position and the lightest fetuses developed in the mid uterine
position (Duncan, 1969; Bruce & Abdul-Karim, 1973; Poigner et al., 2000). Finally, the number of blood vessels
arriving at each implantation site, seems to have an important effect on fetal and placental development, as well as
on fetal survival (Mocé et al., 2004; Argente al., 2003). Poor blood supply is associated with lower fetal and
placentae weight and higher probability of death (Argente et al., 2003). These factors were studied generally for
the same parity. The aim of this experiment was to study on nulliparous and primiparous does, the effect of the
number of fetus per horn, the intra uterine position and vascularization, on available uterine space per fetus,
placental and fetal development in the local Algerian rabbits.

2. Material and Methods
2.1 Animals

Rabbits used in this experience came from an experimental farm of the High National Veterinary School (Alger’s).
Twenty rabbit females of local Algerian population were used in this work (10 nulliparous and 10 not-lactating
primiparous). The criteria of selection were the age (4.5 months for nulliparous and 7 months for primiparous), the
average live weight at mating (2576 £ 59 and 3188 £ 155 g respectively for nulliparous and primiparous females).
All the primiparous nursed during their first lactation the same number of kits (6-7), in order to avoid variability for
this parameter (we used non lactating primiparous after weaning). Females were caged individually and had free
access to pelleted commercial diet (15.89% crude protein, 9.08% crude fiber, 3.75% fat and 6.91% of ash) and
water.

2.2 Experimental Design and Measurement

Nulliparous females were presented to a male for the first time when they were 4.5 months old. For primiparous,
the mating was made after weaning performed at 35 days to avoid the ominous effect of lactation on pregnancy.
The pregnancy status was tested by abdominal palpation of the doe 12 days after mating and all females were
pregnant. The twenty rabbit does were slaughtered on 24" day, and immediately after, their genital tract was
removed and dissected to evaluate the different parameters.

To locate the implantation site of each fetus, an external examination of the uterine horn was made. The number of
blood vessels that receive each live fetus was calculated in order to evaluate the vascular supply according to
Argente et al. (2003). Live fetuses were classified as receiving less-than or equal to 4 blood vessels (< 4) and
greater-than or equal to 5 blood vessels (= 5). On forty horn, only thirty seven (n = 37) uterine horns were selected.
Three horns were excluded: two contained only a single fetus and one horn was empty. Afterward, from both of
uterine horns, the mesometrium was trimmed. For each gravid uterine horn, fetuses were observed. According to
their status, the fetuses were classified as alive or dead. In the implantation site, the presence of maternal placenta
only or within atrophic fetal placenta was also considered as a dead fetus (Argente et al., 2003). There were 55 and
84 lives fetuses in nulliparous and primiparous respectively. By horn, the number of dead fetuses was lower (3
fetuses in primiparous does). Placental membranes and fluids were removed. The position of each fetus was
recorded by starting on the ovarian end. Three uterine positions were considered: oviduct (the first fetus in the horn
near ovary), middle (fetuses implanted in middle of uterine horn) and cervix (the last fetus in the uterine horn
nearest cervix). For each uterine horn, fetuses, maternal and fetal placenta were separated and individually
weighted and fetal crown-rump was calculated.

Availability of uterine space for each fetus was estimated as in Argente et al. (2008). For each fetus it was
calculated as the length of maternal placenta plus half of the distance from its right and left boundaries to the
nearest placenta. For the fetuses implanted at the beginning of the cervix, available uterine space was calculated as
the length of maternal placenta plus the distance from the boundary of the placenta to the beginning of the cervix,
plus one-half of the distance from the other boundary to the nearest placenta. For the embryos located in the
oviduct position, similar procedure was used.
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2.3 Statistical Analyses

The data were analyzed using an analysis of variance (ANOVA 3) taking into account the fixed effect of the parity
(2 levels), vascular supply (2 levels) and intra uterine position (3 levels) as well as their interactions. The effect of
the number of fetus per horn among parity order of the dam on different parameters measured was analyzed using
analysis of variance (ANOVA 2) taking into account the fixed effect of parity (2 levels) and the number of foetus
per horn (4 levels) as well as their interactions. Analyses were performed using the program Statview (Abacus
Concepts 1996, Inc., Berkeley, CA94704-1014, USA).

3. Results and Discussion

The weight and the crown-rump of the fetus were not significantly influenced by the parity order of the dam and
the intra uterine position of the fetus (Table 1). However, these traits were significantly influenced by the number
of the blood vessels reaching each implantation site (p < 0.001). Indeed, the individual weight and the crown-rump
of the fetus were 24.4 and 12.6% lower respectively in the group of the fetuses with placentas receiving poor blood
supply (< 4 blood vessels) compared to those receiving higher number of blood vessels (> 5) (Table 2). Similar
results were obtained in rabbit by Argente et al. (2008) at 18 d of pregnancy and Bruce and Abdul-Karim (1973)
and Mocé et al. (2004) at 28 day. In mice, Wirth-Dzieciolowska (1987) obtains the same result in the late stages of
gestation. The increase in the number of blood vessels reaching the implantation site is associated with a better
nutrient supply and consequently, a better fetal development (Argente et al., 2003).

Table 1. Effect of parity, intra uterine position and vascularization on individual weight of fetus and its placentas,
fetal crown-rump length and available uterine space per fetus (mean + SD)

Parity Nulliparous Primiparous
Position (0] M C (0] M C
Blood vessels >5 <4 <4 >5 <4 >5 <4 >5 <4 >5

Fetus weight (g)  15.5°+1.91 12.2°+1.07 12+1.08 16.1°+1.64 12.9%+1.09 16.4°+2.79 11.2°£2.31 16.5°+2.63 12.2°1.24 15.5"+2.43

Fetal crown-rump b . 5 " ab . . . . ab
length (cm) 7.6°£0.54 6.8°£0.56 6.8°+0.56 7.87+0.63 7.3°+0.58 8.1°+0.51 6.7°+0.82 8.1°+0.67 6.9+0.66 7.9"+0.69
ength (cm

Maternal placenta b b o b 4 d b p
ight (¢) 1.62°+0.29 1.53%+0.32 1.39°+0.18 1.74°+0.22 1.73+0.44 1.4°+0.32 1.41°£0.33 1.25°+0.22 1.42°°+0.36 1.29+0.3
weight (g

Weight of fetal

3.52%0.47 3.1b°£0.38 2.9%+0.43 3%+0.48 3.7°+1.01 3.8+0.45 2.6°+0.8 3.6™+0.41 3.2°+0.72 3.5°+0.53
placenta (g)
Uterine space(cm)  8.8°+2.86 4.9°%+1.52 7.4°+2.3 10.2°+2.86 6.7"+1.44 5.4%+1.29 3.8°+1.04 4.1't0.75 4.6°°'+0.63 4.4°+0.63

©5¢ Means within a row with different superscript differ (P < 0.05). C: Cervix; M: Middle; N: Number; O:
Oviduct; BV: Blood vessels.

Table 2. Statistical analyses for different parameters measured (mean + SD)

Parity Position Vascularization Parity*Position Parity*Vascularization

Individual weight of fetus (g) NS NS *A* NS NS
Fetal crown-rump length (cm) NS NS oAk NS NS
Individual weight of maternal NS % NS NS NS
placenta (g)
Weight of fetal placenta (g) NS NS NS NS *
Available uterine space per sk o " % %
fetus (cm)

*p <0.05; **p <0.01; ***p <0.001; NS: non significant (p > 0.05).

Table 1 shows that the intra uterine position affects significantly the individual weight of the maternal placenta
(p < 0.05). The heavier maternal placenta was located in the oviduct uterine position, weighting 12% and 8, 6%
higher than those in middle of uterine position and cervix position respectively. This agrees with the findings of
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Duncan (1969), Bruce and Abdul-Karim (1973) and Argente et al. (2003) in rabbits and Vallet and Christenson
(1993) in pigs.

On the one hand, previous studies showed in the rabbits and in the pigs, that the fetuses in the mid-uterine position
seem to have higher competition for availability of uterine space than fetuses near the oviduct (this smaller uterine
space could reduce placental growth) (Bruce & Abdul-Karin, 1973; Webel & Dziuk, 1974; Wu et al., 1993).

On the other hand, the fetuses near the oviduct had a greater blood flow at the end of gestation therefore better
development of placentae (Duncan, 1969). Santacreu et al. (1994) determined the level of blood supply to
individual fetuses on the basis of the number of veins in their vicinity. They ascertained that fetuses at the bottom
of the uterus were better irrigated, irrigation being less efficient in those situated slightly higher.

Significant interaction between parity order and the vascularization of implantation sites was recorded for the
individual weight of fetal placenta. In primiparous, we observed that the fetuses with higher number of blood
vessels showed heavier fetal placenta.

At 28 days of pregnancy, Mocé et al. (2004) reported that the number of blood vessels received at each
implantation site significantly affects the weight of fetal placenta, and the higher number of blood vessels is related
to a better nutrient supply and consequently to a better development of placenta.

Our data shows that availability of uterine space was higher in the nulliparous compared to the primiparous does.
The larger implanted embryos observed in primiparous does (8.4 vs 5.5; p < 0.05) seems to be responsible of this
reduction in availability of uterine space. Similarly, Argente et al. (2008) have shown that available uterine space
per implanted embryo decreased when the number of implantation sites per uterine horn increased.

Present data shows that the fetuses near the oviduct had higher available uterine space than those in middle of
uterine horn or near the cervix. This result is probably related to the less competition for available uterine space
and a better vascular supply (Duncan, 1969; Bruce & Abdul-Karim, 1973; Argente et al., 2003). Likewise, the
increase in blood supply was associated with a higher availability of uterine space. Argente et al. (2008) reported
that a higher availability of uterine space would allow more blood vessels to reach each implantation site.

The effect of both parity and the number of fetus per horn on the number of blood vessels, fetal and placental
development and available uterine space are shown in Table 3. The number of blood vessels was not significantly
influenced by either parity or the number of fetus per horn but the interaction between those two factors was
significant (p < 0.001, Table 3). In primiparous, the horns with 5 or 6 fetuses present a higher number of blood
vessels than those with the same number in nulliparous (+25%). As regards the relationships between parity order
and reproductive traits, our results agreed with existing literature describing best development of genital tract at
primiparous stage (Parigi Bini et al., 1989; Bolet et al., 1996; Boumahdi et al., 2009) and in turn a better
vascularization (Argente et al., 2008).

Table 3. Effect of crowding of the uterine horn, on individual number of blood vessels, weight of fetus, fetal
crown-rump length and available uterine space per fetus (mean + SD)

Statistical
Number of fetuses per horn
effects
Fetus/horn 3 4 5 6 Parity  Fetus/horn Parity*fetus/horn
Parity N P N P N P N P
Number ab bed d bed d ab a od
5.53"+1.95 4.97°+1.64 3.81°:1.51 5.0°°+1.71 3.80°+1.315.32"+1.62 3.4°+1.64 427°+1.87 NS NS ok
blood vessels
Fetus weight ab ab < c c a ab be
© 15.0474+2.4014.767£3.33 12.7+1.34 12.9°+1.98 12.1°+1.51 16.0°+2.87 11.47+1.8113.97+4.15 NS * *ok
g
Fetal
crown-rump  7.41°+0.67 7.6™+0.83 7.23%£0.587.35"+£0.63 7.11"+0.63 7.81%+0.65 7.49"°+0.697.63"+1.37  * NS NS
length (cm)
Uterine
space/fetus  8.52t3.37 5.44™+1.12 5.74°£2.424.32°°42.18 6.20"+0.95 4.03°+0.52 5.40°42.14 4.3841.29  #*x ok ok
(cm)

N: Nulliparous; P: Primiparous, Means within a row with different superscript differ (P < 0.05).
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The fetal weight and fetal crown-rump decreased when the number of fetus per horn increased (p < 0.05) and when
the horn contains 5 fetuses, the fetal crown-rump and weight were reduced in nulliparous compared to primiparous
does (- 9% and - 24% respectively). This is in agreement with previous studies (Argente et al., 1996; Hamilton et
al., 1997; Zerrouki et al., 2005; Fellous et al., 2012). A significant interaction between the parity and the number of
fetus per horn was recorded for the weight of maternal placenta. The maternal placenta in the horn within 3 or 5
fetuses were higher in the nulliparous compared to the primiparous rabbits (+15% and +30%; p < 0.05
respectively). The low maternal placenta recorded in primiparous is related to the increase of implanted embryos
on the one hand and the reduction of availability of uterine space on the other hand. As Argente et al. (2008)
reported, overcrowding of uterine horn is associated to a lower availability of uterine space and in turn, a reduction
of fetal and placentae weight. The interaction between parity and the number of fetus per horn was significant
(p < 0.001) for available uterine space. Indeed, available uterine space was low in primiparous compared to the
nulliparous and reduced in the horns with low number of implanted embryos. In primiparous, a lower availability
of uterine space is related to a greater number of implanted embryos.

4. Conclusion

In conclusion, the weight and crown rump of fetus at 24™ day of pregnancy in the locally Algerian does are related
to the vascularization of their implantation sites. The fetuses with higher number of blood vessels presented the
best performances. Available uterine space per fetus was affected by the parity order of the rabbits, vascularization
and intra uterine position of fetus. Indeed, it was greater in nulliparous compared to the primiparous rabbit related
to a higher number of implanted embryos observed in primiparous, decrease when the number of blood vessels
reaching each implantation site increase and reduces in the mid-uterine position compared to the other positions
(oviduct and cervix). The individual weight of maternal placenta was lower in middle position consequence of
higher competition for implantation and for available uterine space between fetuses at this localization. The
number of fetus per horn influenced the individual weight of maternal placenta and availability of uterine space.
Whatever the number of fetuses per horn, the nulliparous females showed heavily maternal placenta and greater
available uterine space than primiparous females.
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