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Abstract — Female pigs were assigned to three groups at 94 days of age: a control group (CTR), a
group undergoing the ligation and severing of the left oviduct (LIG), and a group undergoing right
hysteroovariectomy (HHO). They were inseminated at 307 days of age. At 35 days of pregnancy, an
ultrasonic transit time flow probe was implanted around the middle artery of one uterine horn in
33 sows and uterine blood flow was measured during thirteen 24-h periods between 44 and
111 days. Despite large differences in ovulation rate per uterine horn (4.8, 8.3 and 16.9 in the LIG,
CTR and HHO groups, respectively), variation of litter size was considerably reduced with advance-
ment of pregnancy (3.0, 6.6 and 10.8 foetuses per uterine horn at 35 days, and 3.0, 5.8 and 4.9 at
112 days (slaughter), respectively). Uterine blood flow increased linearly during pregnancy. It was
lower in the LIG sows (0.82 to 1.74rhin L horrr1from 44 to 111 days) than in the CTR and HHO

sows (1.22 to 2.84 and 1.09 to 2.6&inLhorrl, respectively). It was more closely related to lit-

ter weight than to litter size and amounted to 0.42in- kg foetustat 111 days. Uterine blood flow

per foetus decreased when litter size increased. It increased from 0.31 to 0.72, 0.26 to 0.60 and 0.20
to 0.43 Lmin-Lfoetus®from 44 to 111 days when there were 2 to 3, 4 to 5, and 6 to 8 foetuses in the
uterine horn, respectively. This explains why piglets from large litters are lighter at birth.

sow / pregnancy / uterus / blood flow / foetus / litter size

Résumé— Débit sanguin dans l'utérus chez la truie : effets du stade de gestation et de la taille

de la portée.Trois lots de cochettes ont été constitués a 94 jours d’age : CTR, lot témoin ; LIG,
ligature de I'oviducte gauche ; HHO, hémi-hystéro-ovariectomie droite. Elles ont été inséminées a
307 jours. A 35 jours de gestation, une sonde de mesure du débit par ultrasons a été implantée sur
I'artére principale d'une corne utérine de 33 d’entre elles, et le débit sanguin utérin a été mesuré
pendant 13 périodes de 24 h entre 44 et 111 jours de gestation. En dépit de différences importantes
dans le nombre d’ovulations (4,8, 8,3 et 16,9 corps jaunes par corne utérine respectivement dans
les lots LIG, CTR et HHO), la variabilité de la taille de la portée se réduit considérablement pendant
la gestation (respectivement 3,0, 6,6 et 10,8 feetus par corne utérine a 35 jours, et 3,0, 4,8 et 4,9
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a l'abattage a 112 jours). Le débit sanguin utérin augmente de fagon linéaire pendant la gestation.
Il est plus faible chez les truies LIG (0,82 a 1,7#iL.cornelentre 44 et 111 jours) que chez les

truies CTR et HHO (respectivement 1,22 & 2,84 et 1,09 a 2y68 L.corne utéring). Il est plus étroi-

tement lié au poids de la portée qu'a sa taille, et s'éléve a Oi2 tkg foetust a 111 jours. Le débit

sanguin utérin par faetus diminue lorsque la taille de la portée augmente. Il s’accroit de 0,31 a 0,72,
de 0,26 4 0,60 et de 0,20 a 0,48inLfoetus® entre 44 et 111 jours respectivement pour des effec-
tifsde2a3,4ab, et6 a8 foetus dans la corne utérine. Ces résultats expliquent que les porcelets de
portées importantes soient plus légers a la naissance.

truie / gestation / utérus / débit sanguin / foetus / taille de portée

1. INTRODUCTION sows [24, 26, 48]. Variation of UBF with
pregnancy stage and litter size was then stud-

Sows seem to be able to ensure the deve'ed'

opment of only a limited number of foe-

tuses until term, and most of the supernu

merary foetuses die. The limitation of litter 2. MATERIALS AND METHODS

size, called uterine capacity [3], is charac

teristic of the genotype and of the animal

For instance, the efficiency of the uterus is .

higher in hyperprolific Large-White Meis- The experiment was a part of a larger

han than in standard Large White sows [32jStudy involving 114 Large White gilts in

Itis also higher in multiparous than in prim-Which the effect of the number of pig

[31], the foetuses that exceed uterine capa®as studied [40]. Gilts were fed a diet con-

ity die after day 25 of pregnancy. Availabletaining 3.1 Mcal of DEkg™, 17.6% crude

space in the uterus [44] and competitiorProtein, and 0.85% lysine during the growth

between foetuses for some biochemical facP€riod. The animals were housed in groups

involved in the uterine capacity. progressively increased from 2 Kgy*

between 35 and 40 kg live weight to a max-

All the substances essential for foetaimum of 2.7 kgday ! between 65 and

development are carried by maternal bloo100 kg live weight, and 2.5 kipy ! there-

and taken up by the pregnant uterus. Thafter. During pregnancy, gilts were fed

amount of substrates reaching the foetuse2.5 kgday of a diet based on cereals and

depends on several factors including theisoybean oil meal containing 3.0 Mcal of

concentration in maternal blood and uterDE-kg™1, 13.1% crude protein, and 0.65%

ine blood flow (UBF). Some experimentslysine.

show that the restriction of blood flow to

the uterus reduces foetal development an

(or) survival [27, 38, 43]. The blood sup- 2.2. Experimental procedure

plied to the uterus was found to limit liter ~and measurements

size in mice [53]. The present experimen

was undertaken to determine to what exter The gilts were assigned to the experiment

UBF is involved in uterine capacity in sows.in three replicates. They were allotted to

UBF has been determined in few experithree treatments according to litter origin

ments and during relatively short periods irand live weight. Littermates were split

2.1. Animals and diets
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between treatments. The treatments wenhis technique is independent of vessel diam-
applied in order to have different potentialeter, vessel shape, flow profile, or vessel
numbers of embryos per uterine horn. Thalignment within the probe [15, 16]. This
experimental groups were as follows: contechnique then allows the measurement of
trol group (CTR); a group in which the left blood flow in growing vessels as is the case
oviduct was ligated and severed (LIG); an the present experiment. The 8 RS flow
group in which a unilateral, right-side hys-probes are adapted to chronic measurements
teroovariectomy was performed (HHO).of blood flow lower than 10 min-tin ves-
Surgeries were performed at 94 + 6 days asels with diameters contained between
age and 38 + 6 kg live weight (mean * sdj.4 and 8 mm. The cable of the flow probe
under general anaesthesia maintained witf2 m length) was covered with silicone tub-
2 to 5% halothane (Fluothane, Pitmaning. A 2-cm segment of the middle uterine
Moore, 77100 Meaux, France). artery supplying one uterine horn was dis-

The gilts were inseminated with semersected to separate it from the uterine vein.
from Large White boars at 307 + 12 daysThe flow probe was |mp[anted around_the
of age and 161 * 6 kg live weight afterartery and seCl_Jred within the broad liga-
oestrous synchronisation (Regumate, prgfent with a decimal 2 polypropylene suture
vided by Roussel-Uclaf, Paris, France). A{Ethnor, 92200 Neuilly, France). The peri-
35 + 1 days of gestation, a median |aparot_oneum was then sutured with plaited deci-
tomy was performed under general anaedi@ 3 polyester (Braun, 92107 I%(fqlogne,
thesia on 25 LIG, 32 CTR, and 27 HHoFrance). Oxytetracyclin (5 mkg™ live
gilts. They were premedicated with atropindV€ight, Pfizer, 94107 Orsay, France) was
(20 mgkg™! live weight given i.v.), and injected into the peritoneal cavity. Decimal
anaesthesia was then induced with sodiuf Plaited polyester (Braun) was used to
thiopenthal (10 még! live weight given suture the opening in the muscles. The cable
i.v.). Anaesthesia was maintained with 2 t&f the probe (2 m long) was then tunnelled
5% halothane in oxygen (3-min-1). A under the skin using a stainless steel trocar
20-cm midline incision was made through®® €M long, and externalised through the
the abdomen. and the uterine horns wereKin of the back, at the level _of the_z lumbar
gently exteriorised. Ovulation rate was deterYertebrae. In order to prevent mfe(%lon along
mined, and foetuses were counted by pafl® cable, a3 5 cm piece of Dacrdnmate-
pation of the uterine horns. Thirty-three gilts/ i@/ Was rolled around the silicone tubing of
were selected according to the number df'® cable at the level of the exit site. It was
foetuses in one of the uterine horns: 2 to 4 if}<€d 10 the cable with sterile tissue adhe-
the LIG group (= 11), 8 to 15 in the HHO SIV€ (Histoacry?, Braun) and two silicone

group 6 = 13), and an intermediary number'ings, and introduced under the skin. Thg
in the CTR groupr(= 9). An ultrasonic external part of the cable was wrapped up in

transit time flow probe (8 RS probe, Tran-2 tissue bag sutured on the skin. The skin

sonic Systems Inc., Ithaca, NY, USA) wasVas sutured with decimal 3 plaited polyester

implanted around the middle artery irrigat-(Braun) Postsurgical antibiotic therapy con-
ing one of the two uterine horns. With wide-SiSted of daily i.m. Injections of Ampicillin
beam ultrasonic illumination, the receiving(10 Mgkg live weight™.d™) during three
transducers of these probes integrate th ys.

blood velocity over the vessel's full width  Blood flow measurements began about
and yield volume flow. Unlike the ultra- one week after surgery. A 3 m extension
sonic Doppler flow velocity technique, the cable was fixed at the end of the cable of
ultrasonic transit time technique then directlythe probe and the connector was soldered. It
measures true flow and not blood velocitywas connected to a dual channel blood flow
It was shown that blood flow measured withmeter (model T206, Transonic Systems Inc.)
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which allows for about 170 measurementsour or five foetuses (4-5 class) and more
per second. The flowmeter was connected tthan five foetuses (6—-8 class).

a microcomputer with an application pro- - gj5qq flow was calculated per uterine

gram that integrates and stores the megyorn and per foetus found at term at all

surements du_ring 5-min periods. UBF wa tages of pregnancy, and per kg foetus or
measured during 24-h periods once per wegkpy 4t slaughter. Statistical effects of treat-

from 44 to 98 days of pregnancy and tWicgnant and Jitter size on UBF were tested at
per week thereafter. Sows were slaughtered oy, reference stage as well as the evolu-
at112 1 days of pregnancy. Genital traCt§o of plood flow during gestation. Data

were recovered and dissected. OVU|at'°Q/ere analysed by analysis of variance, using

rate, position in the uterine horns and weighfy,o g v procedure of SAS [52]. The model
of each foetus and placenta were recordegise for the effects on the measurements

di din ord r?r'eproductive tract and on UBF at each preg-
ament were dissected in order to ensure thab o stage included class (group or litter

the flow probe was correctly implanted an ize) and replicate as the main effects.

that the total blood flow supplying the uter-\1eang of the classes were then separated
ine horn was measured. Length and weighy £ _yrotected LSD. The variation of UBF
of the uterine horns were determined aftefjring gestation was analysed according to
dissection of the broad ligament. the repeated measurement procedure of SAS
[52] including the effects of class, replicate,
and class< replicate interaction. Rates of
variation of blood flow with pregnancy stage
were calculated by covariance analysis with
sow and class as main effects and pregnancy

All calcglations were made on the uterineStage as a covariate, according to SAS [52]
horn bearing a flow probe. Number of foe(‘jspecifications.

tuses in the uterine horn, litter weight an
mean piglet weight at slaughter were deter-
mined. The mean weight of the foeto-pla-
cental unit (FPU) corresponding to the mean

weight of the foetus plus uteroplacenta, and Flow probes were implanted in 33 gilts.

the ratio between uterine horn weight or. :

length and number of foetuses in the uterin»:;l—WO gilts brc_)ke the cable and three others

horn were calculated. aborted within a few days after surgery. As
a result, uterine blood flow was measured

The mean blood flow was calculated forin 28 gilts (8 CTR, 10 LIG, and 10 HHO).
each 24-h measurement. Blood flow at ref-

erence stages (44, 50, 57, 64, 71, 78, 84, 91,

98, 101, 105, 108 and 111 days) was calcu- 3.1. Reproductive performance, uterus
lated through linear interpolation between and uterine contents

the real measurement stages. The reference

stages corresponded to the more frequent Reproductive performance and charac-
real stages of measurement. The results wereristics of the uterine horns bearing flow
expressed according to two classificationsprobes at 112 days of gestation are presented
the experimental group, and the litter sizen Table |. The group replicate interaction

at slaughter in the uterine horn bearing avas never significant. Ovulation rate and
flow probe. Three classes of litter size werenumber of foetuses at 35 days of pregnancy
defined in order to include similar numbersdiffered significantly between the three
of sows: less than four foetuses (2—3 classyroups. They were higher in the HHO group,

2.3. Calculations
and statistical analysis

3. RESULTS



Table I. Reproductive performance and characteristics of the uterine horn bearing a flowprobe.

Groupg Statistical

Item LIG CTR HHO RMSE significancé
Ovulation rate per uterine horn 4975 8.3 16.91 1.66 (e R+
Number of foetuses at 35 days 300 6.63 10.80 1.61 c™
Number of foetuses at 112 days 300 5.7% 4.9 1.22 c** R+
Measurements at 112 days of gestation

Litter weight, kg 4.65 8.0 5.63 1.36 c™ R

Mean piglet weight, kg 1.56 1.43% 117 0.25 G

Mean FPU weight, kg 2.66 2.2ghe 1.96° 0.49 G

Total placental weight, kg 0.95 1.8 1.14 0.40 (e R™

Placental weighkg foetus?, kg 0.20 0.23 0.20 0.04 R

Uterine horn weight, kg 2.19 2.98 2.49.e 0.49 G+ R

Uterine horn length, m 1.86 1.94 e 2.08 0.39 G R*

Uterus weighfoetus?, kg 0.77 0.52 0.5 0.20 G

Uterus lengtHoetus™, m 0.58 0.36 0.47 0.20

aLIG: left oviduct ligated and severed; CTR: control; HHO: right hysteroovariectomy.

b Root mean square error.

¢ Statistical significance: G, group effect; R, replicate effect.P® 0.001; **P < 0.01; *P < 0.05; + P < 0.10.
d.e. fMeans within a row with a different superscript letter differ significantly.

smos j1ueubaid ul moj) poojq auLILIN

€LE
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and lower in the LIG group. Litter size did flow probe and in the opposite horns was
not vary between 35 and 112 days in theompared in the CTR and LIG groups. Their
LIG group, but decreased in the other groupsnean weight was similar (1.43 and 1.45 kg
particularly in the HHO gilts. Indeed, the in the CTR gilts and 1.56 and 1.57 kg in the
difference between the CTR and HHOLIG gilts in the horns with and without a
groups was no longer significant before termflow probe, respectively). Similarly, the
and the difference found earlier with the LIGmean placental weight did not differ
group was reduced. The weights of litter andbetween the horns.
placentas in the uterine horn were higher in
the CTR group, and did not differ between
the HHO and LIG groups. Piglets in the
HHO gilts were significantly lighter than in
the CTR and LIG gilts (minus 18 and minus Irrespective of the experimental group,
25%, respectively). The hierarchy betweerJBF varied during the daily measurements.
the three groups was the same for the FPANn example of registration is given in Fig-
weight. Placental weight per kg foetus wasire 1. The intra sow stage coefficient of
similar in the three groups. Uterine hornsvariation was about 10%. Uterine blood flow
in the LIG gilts were lighter than in the CTR increased steadily in the three groups during
gilts and shorter than in the HHO gilts, butgestation (Fig. 2, Tab. II). At 111 days of
uterine weight per foetus was higher than
in the other groups. The length of the uter
per foetus did not differ significantly
between the groups. Wwwww‘

Flow probes remained functional in th
gilts until 111 days of gestation. In a fevx 05
cases, the file or part of the file in which th 10 14 18 2 2 6 10 14
24-h blood flow measurements were regi Time, h
tered was cancelled due to occasional protFigure 1. Example of a 24-h registration of uter-
lems of connection between the probes anine blood flow.
the flow meter. The dissection of genital
tracts at slaughter showed that for all the
gilts except one, flow probes were correct .
implanted on the artery supplying one ute
ine horn. In one gilt, due to an arterial bran
upstream of the flow probe, the arteri:
blood flow corresponding to one foetus wi

not taken into account. Total blood flov
was then corrected by adding the mei

blood flow per foetus. In all gilts, a con | ! M
nective tissue developed within the spa 1'°'§

between arteries and probes, and thew 05 +— | v \ :

of the arteries looked normal. The probe 4 50 60 70 80 90 100 110
did not constrict the vessels, which deve Pregnancy stage, d

oped normally during pregnancy. The develFigure 2. Effect of group on variation of blood
opment of the piglets in the horns bearing flow in one uterine horn during pregnancy.

3.2.1. Effect of group

N
o

)S]

3.2. Uterine blood flow

-

Uterine blood flow, L.min-
(6]

|
3.0 ! —o—CTR
—&—HHO

Uterine blood flow, L.min”'
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Table Il. Effect of treatment on uterine blood flow in gilts during pregnaneyigi-?).

Groupg Statistical
ltem LIG CTR HHO RMSP significancé
Uterine blood flow at
44 days 0.82 1.28¢ 1.04.¢e 027 G* R+
78 days 1.29 1.92¢ 1.7¢ 0.41 G** R+
111 days 1.7 2.84 2.63 0.54 G**

Uterine blood flow at 111 days
foetus? 0.60 0.56 0.53 0.18
kg foetus? 0.41 0.38 0.44 0.09
kg FPU1 0.30 0.30 0.29 0.04 R+

aLIG: left oviduct ligated and severed; CTR: control; HHO: right hysteroovariectomy.

b Root mean square error.

¢ Statistical significance: G, group effect; R, replicate effecP #0.01; *P < 0.05; +P < 0.10.
d.eMeans within a row with a different superscript letter differ significantly.

o
s}
|

pregnancy, blood flow was 2.1, 2.3

2.4-fold of that measured at 44 days ir € o7 _._a:.i;

LIG, CTR and HHO groups, respectivi ¢ ¢ LG

Blood flow per uterine horn increas 8

by 12.4 + 1.3, 23.7 + 1.4 and 20.¢ 3°°

0.9 mLmin-tdayfrom 44 to 111 days g ¢

these groups, respective(= 0.92). Th < o3

rate of increase in the LIG groupwaslo  § 4,

(P <0.001) than in the other groups, ar - o1 - o B
tended to be higher in the CTR than in "4 s0 80 70 8 90 100 110
HHO group P = 0.07). Irrespective of t Pregnancy stage, d

stage, UBF was significantly affected byFigure 3. Effect of group on variation of blood

the group P < 0.05 toP < 0.01). It did not {5\ per foetus in one uterine horn during preg-
differ between the CTR and HHO groupsnancy.

(P> 0.10), and was higher in the CTR than

in the LIG group. Blood flow differed si 35
nificantly between the HHO and LIG gro ‘
during the last trimester of pregnancy.

—0-2-3
—-=-4-5
25~ —o-6-8
Uterine blood flow per foetus al
increased continuously during pregne
(Fig. 3, Tab. Il). The rate of increase (4
0.3 mLmin~LdayLfoetus?) did not diffe
between the three grougE 0.89). Bloor
flow per foetus did not differ significan 0.5 +— ‘ ‘ ‘ v
between the three groups whatever the 40 S0 B0 /06090160 110
nancy stage. At 111 days, UBF per kg Pregnancy stage, d
tus or per kg FPU was similar in the threeFigure 4. Effect of litter size on variation of
groups (Tab. Il). blood flow in one uterine horn during pregnancy.

&

Uterine blood flow, L.min™
N
o
e

o
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Table lll. Effect of litter size on uterine blood flow in gilts during pregnancynfh1).

Clas$ Statistical

Litter size in the uterine horn 2-3 4-5 6-8 RMSE  significancé
Uterine blood flow at

44 days 0.88 1.09¢ 1.2% 0.26 G**

78 days 1.2% 1.7& 1.9¢ 0.44 G*

111 days 1.95 2.63F 2.7 0.72 G+
Uterine blood flow at 111 days

foetus? 0.72 0.60 0.43 0.20

kg foetus? 0.47 0.45 0.35 0.10

kg FPU! 0.35 0.33 0.25 0.09

2Class: class of litter size in the instrumented uterine horn (2 or 3, 4 or 5, and more than 5 foetuses).
b Root mean square error.

¢ Statistical significance: G, group effect; R, replicate effécP < 0.01;* P < 0.05; +P < 0.10.

d.eMeans within a row with a different superscript letter differ significantly.

3.2.2. Effect of number of foetuses 0.3 mLmin-*day *foetus?in the 2-3, 4-5

in the uterine horn and 6-8 classes, respective®f € 0.89). It
did not differ between the two upper classes

instrumented uterine horns at 112 days of_ ~ 0.4) and was higher in the 2-3 class
pregnancy were 2.7 + 0.6 € 11), 4.4 +0.5 P < 0.001). Uterl_ne blqod flow per foetus
(n=8) and 6.3 + 0.7r(= 9) in the 2-3, Was affected by litter size between 44 and
4-5 and 6-8 classes of litter size, respeck08 days of pregnancyP(< 0.01 to
tively. Uterine blood flow increased con- P < 0.05). It was significantly higher in the
tinuously between 44 and 111 days of preg2—3 class than in the 6-8 class, and inter-
nancy for the three classes. The rate ahediate in the 4-5 class (Fig. 5, Tab. llI).
increase of UBF between 44 and 111 day$here was no difference between the classes
amounted to 14.1 £ 1.5, 20.9 £ 1.4 and

21.7 £ 1.0 mlmintday?in the 2-3, 4-5

The mean numbers of foetuses in th

and 6-8 classes, respective®f € 0.90). It - oo~

was similar in the 4-5 and 6-8 classes, ¢ £ 08—

lower (P < 0.001) in the 2-3 class. From4 £ o7 & 5.3
to 84 d, UBF increased significantly wit| § 061 —o—6-8
litter size (Fig. 4, Tab. Ill). It was signifi- & o5 |
cantly lower in the 2-3 class thaninlarg £ o4

litters. From 84 to 108 days, UBF tended 2 43

differ between the three classes, and blc & 4, |

flow in the 4-5 class was intermedia of .
between the two others. 40 50 60 70 80 90 100 110

Irrespective of the litter size class, UB. Pregnancy stage, d
per foetus in the uterine horn increased corFigure 5. Effect of litter size on variation of
tinuously during pregnancy. The rate ofblood flow per foetus in one uterine horn during
increase was 5.1 £ 0.4, 4.7 £ 0.4 and 3.5 pregnancy
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for UBF at 111 days of pregnancy whensecond half of pregnancy [8, 35].
expressed per kg foetus or per kg FPWhristenson and Prior [10] reported that
(Tab. ). UBF increased from 958 to 1 358 rmin1
between 105 and 123 days of_pregnancy in
3.2.3. Relationships with blood flow ~ ewes. Huckabee et al. [30] with goats and
Peeters et al. [39] with guinea pigs found
Uterine blood flow at 111 days of preg-that UBFkg™ FPU does not change during
nancy was correlated with litter weight the second half of pregnancy, which means
(r = 0.79,P < 0.001), litter sizer(= 0.56, that absolute UBF increases. In cows,
P < 0.05), weight of placentas ¢ 0.76, Reynolds et al. [49] and Reynolds and
P < 0.001), lengthr(= 0.52,P < 0.05) and Ferrell [45] report_ed that UBF increases
weight of the uterine hornr (= 0.48, exponentially during gestation (4.5—fo_|d
P < 0.05). At this stage, an important part ofdreater at 250 than at 137 days of gestation).
the variation of UBF (mimin-1) was All these results show that uterine blood
explained by the weight of the litter in the flow increases during a period of intense
uterine horn (LW, g) and the length of thedevelopment and growth of the foetuses.

uterus (UL, cm), which can be expresseJhiS change is partly explained by a faster
by the following equation: heart rate of the mother, as shown in ewes

[11, 50], and by a redirection of blood flow
UBF =92 (+487) + 0.24 (x 0.05) LW to the uterus at the expense of other tissues
+4.78 (£ 2.28) ULR2= 0.72). and organs, like skin and carcass (ewe:
Rosenfeld et al. [50]; cow: Ferrell and Ford
[20]; guinea pig: Peeters et al. [39]). The
increase in blood volume during pregnancy
4. DISCUSSION shown in pigs [2, 36, 51], and the greater
4.1. Variation of UBF with pregnancy  uterine artery endothelial production of the
stage potent vasodilatators, prostacyclin and nitric
oxide, demonstrated in pregnant sheep [34],

Irrespective of the group or class, UBFMaY also be involved.

increased gradually between 44 days of In contrast, a constant UBF during the
pregnancy and term. When considering théast part of gestation was found in some
individual sows, it increased until 98 days ofexperiments. Ferrell and Ford [20] measured
gestation in all the sows, and continued tdJBF in cows from 30 to 240 days of preg-
increase until term in 20 of them, withoutnancy and reported that it was constant from
differences between classes. Total conju178 days onward. In sows, a constant UBF
gated oestrogens in the plasma of giltsvas recorded between day 50 and day 90
increase between 70 and 110 days of gesf pregnancy [29], during the last 22 days of
tation [5, 26], and it is well established thatpregnancy [26], or between 70 and 110 days
through dilatation of the uterine blood ves-of pregnancy [48]. Methodological differ-
sels, oestrogens have a positive effect oances with earlier experiments on sows may
UBF [6, 14, 23]. Increase of UBF at daypartly explain this discrepancy. Reynolds
12-13 and before day 30 of gestation wast al. [48] measured UBF in anaesthetised
described in relation to the presence o§ows which differed between the three
embryos in sows [24] and cows [25]. Anstages of measurement. In these experi-
increase of UBF during later stages has beaments, UBF was determined using electro-
described in many species. In rabbits, anagnetic blood flow transducers which may
2.5-fold increase was reported between dalge less adapted to blood flow measurements
24 and 30 of gestation [28]. In sheep, UBFon developing vessels as is the case for the
increases linearly over time during themiddle uterine arteries during pregnancy.
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For instance, Reynolds et al. [49] showedjestation by Ford et al. [26] (1.57nhin™1)

that UBF increased until 250 days of gesand by Reynolds et al. [48] (1.5Inhin™?).
tation in cows by using the steady-state difyWhen related to the number of foetuses mea-
fusion procedure with deuterium oxide,sured at term, UBF amounted to 0.24 and
whereas Ferrell and Ford [20] did not find0.31 Lmin1foetus?in these experiments,
any increase of UBF after day 178 whenespectively. Reynolds et al. [46] reported
measured with electromagnetic transducthat electromagnetic transducers gave esti-
ers. Moreover, UBF varies with time dur- mates of bovine UBF that were 32 to 42% of
ing the same day, with sow position, andhose obtained by steady-state diffusion of
between night and day (Pére, unpublisheg, O or antipyrine. Similarly, bovine UBF
data), and it was measured during 10 mistimated by using antipyrine [22] was con-
per day by Ford et al. [26] and Reynoldssiderably higher than when measured with
et al. [48] instead of 24 h as in the presendjectromagnetic transducers [20]. Values of
study. UBF measured with antipyrine in ewes are

The rise of UBF during gestation appeardn the same range as those estimated in the
as an adaptation allowing to increase th@resent experiment: 0.33 to 0.42viinL.
nutrient supply to the foetuses. Howeverfoetus?[10], 0.32 Lmin~*foetus? (calcu-
UBF increased linearly between 44 andated from the data obtained by Makowski
111 days of pregnancy in the present expegt al. [35]), 0.49 kmin~Lfoetus™ (calcu-
iment whereas foetal growth was exponentated from the data obtained by Meschia
tial. When combining UBF measured in theet al. [37] for sheep and goats).

CTR group of this experiment with the vari- ) .
ation of foetus weight during pregnancy 'In t.he present experiment, UBF increased
calculated according to Salmon-LegagneuVith litter size at all the pregnancy stages
[51], the UBF per litter weight ratio considered. The rate of increase during preg-
decreased from 1.77 to 0.91 and tdancy was lower in the 2-3 class than in the
0.39 Lmin-tkg! at 44, 78 and 111 days two others, and was similar in the 4-5 and
of gestation, respectively. Variation of UBF 6—8 classes. Reynolds et al. [48] reported
may then be possible within limited valuesthat UBF was correlated with the number
only. Reynolds et al. [48] also suggeste®f foetuses per uterine horn. Christenson
that there may be a limit to maximal UBF inand Prior [10] found that UBF at 105 days
the sow. As in other species, complemenwas greater in ewes with triplets than in
tary maternal and foetal adaptations likeewes with twins and tended to be lower in
insulin resistance [18], variation of the bloodewes with a single foetus. Ferrell and
content in substrates and hormones [40fReynolds [21] measured a lower UBF in
and increased uptake of substrates by fo€ows with a single foetus than with twin
tuses likely appear during the last part ofoetuses. In our study, UBF per foetus
gestation of the sow in order to ensure a haglecreased when litter size increased. Its rate
monic development of the litter until term. of increase during pregnancy was higher in
the 2-3 class and did not differ for the two

other classes. A negative relationship

4.2. Variation of UBF with litter size  between UBF per foetus and the number of
foetuses per uterine horn was found in sows

In the present experiment, UBFby Reynolds et al. [48]. Present data sug-
amounted to 2.40 to 2.84rin1in the gestthat UBF adapts to litter size, but within
CTR qilts between 98 and 111 days of gedimits, and that there may be a maximal UBF
tation, and 0.56 min-Lfoetusat 111 days. in the sow. Indeed, UBF increased at a lower
These values were higher than thosextent than the number of foetuses in the
obtained in sows during the last part ofuterine horn, and then to the nutrient demand
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of the pregnant uterus. The limitationsyndesmochorial placenta of ruminants
seemed more evident when the uterine horar the epitheliochorial placenta of pigs.
contained more than 5 foetuses, which corFerrell and Reynolds [21] suggested that
responded to a total litter size of 10 pigletsreduced birth weight in twin compared to
This explains why piglets from large litters single foetuses in cows is related to reduced
generally have lower birth weights. In theUBF and reduced nutrient delivery per foe-
present study, foetus mean weight atus. According to Reynolds et al. [47], heat
112 days of gestation decreased from 1.52 wiress in cows has adverse effects on foetal
1.24 kg when litter size in the uterine horngrowth due to reduced foetal and utero-pla-
increased from 2—-3 to 6-8. These resultsental nutrient uptake which probably results
agreed with those cited by Alno [1] indi- from decreased UBF and umbilical blood
cating that the number of littermates weighflow. In agreement with experiments involv-
ing more than 1.3 kg at birth is constant andng other species, the present results sug-
equal to about seven, the additional pigletgest that variation of UBF in sows is more
are lighter and their number increases wittglosely related to differences in litter weight
litter size. or growth rate of the foetuses than to litter

size. This relationship is most likely medi-

ated through maternal-foetal transfer of

4.3. Relationship between UBF nutrients, which partly depends on UBF.
and litter weight

4.4, Effect of treatments

Some results suggest that foetal growth is .
99 g on reproductive performance and UBF

highly dependant on UBF. The estimates of
UBF at 111 days did not differ statistically
between the groups or the classes when Reproductive performance in this study
expressed per foetus, and were even closare in the same range as those measured
when expressed per kg foetus or per kg FPWvith a larger number of gilts [40]. They are
The correlation between UBF and totalin agreement with the concept of uterine
weight of the foetuses in the uterine horrcapacity demonstrated through superovula-
was high, in agreement with other resultgion with a PMSG treatment of sows [12,
in sows [29], guinea pigs [7] and rabbits33, 41] or superinduction, adding embryos
[28]. A UBF per kg foetus (0.32 to to recipient pregnant sows [3, 4, 19, 42]:
0.36 Lmin—Lkg™ similar to the present despite a much higher ovulation rate per
results (0.38 imin~Lkgat 111 d in the uterine horn in the HHO than in the CTR
CTR group) and constant for several preggroup, litter size at term is not different.
nancy stages was found in sows by Dicksoiccording to Webel and Dziuk [54], Knight
et al. [13] when using antipyrine. The UBFet al. [31] or Chen and Dziuk [9], foetal
per kg FPU near term found in the presentleath related to uterine capacity occurs after
experiment (0.30 mintkg™) compares with day 25 of gestation. Legault et al. [32] and
that measured in cows (0.34min"1kg™) Pére et al. [40] found that death of the super-
by Ferrell et al. [22], and is higher than thalnumerary foetuses occurs partly before
in guinea pigs (0.15 to 0.17rin"Lkg! 35 days of gestation and continues there-
according to Bjellin et al. [7], and Peetersafter. In the present experiment, 35% of the
et al. [39]) or in rabbits (0.10-min"Lkg™1,  potential foetuses of the HHO gilts died after
Gilbert et al. [28]). This comparison agrees35 days of pregnancy compared to 11% in
with the differences of placenta structurethe CTR gilts. At 35 d, the number of live
between species; the maternal-foetaloetuses in the remaining uterine horn of
exchanges being more efficient in the hemothe HHO gilts was still much greater than
chorial placenta of rodents than in thein the CTR gilts (10.8 vs. 6.6). This agrees
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with results indicating that foetal mortality mice [53]. The greater mortality rate after
after 35 days is high when litter size at thatlay 35 of pregnancy in the HHO gilts is
stage exceeds uterine capacity [17, 40]. most likely not related to the implantation of

i the probes because in the other groups, foetal
_ The foetuses in the HHO group weremqrtality in instrumented sows was very
lighter than in the other groups at the enghy and foetal growth rate was not affected.

of pregnancy, as in the studies of Legault . . .
preg y, 85 | > udies gau In conclusion, this study describes the

et al. [32] and Pére et al. [40]. However, the ! : X
difference was greater in the present gilts€volution of UBF during the last two thirds
f pregnancy of three groups of sows that

The greater litter size at 35 days of the HHCY! . .
gilts may have increased intrauterine comdifféréd by their embryo potential. Foetal

petition. The lower placental weight in the.grOWth was closely related to UBF, which

; : d steadily during pregnancy until
HHO group supports this hypothesis, anincrease : 'g pregna
suggests that maternal-foetal exchanges grm. It also increased with litter size. Uter-

nutrients and hormones were more limited i€ Plood flow is a major adaptation of the
these gilts. dam to pregnancy and allows to respond to

the increasing nutrient and hormone demand
There was no difference in absolute UBFof the uterus. However, this adaptation is
or UBF per foetus between the CTR andimited because when litter size exceeds five
HHO groups from 44 days of gestationfoetuses per uterine horn, UBF increases
onward. This contrasts with the difference iness than the number of foetuses. Their
litter size which was 39% smaller in thegrowth rate is then reduced. The limitation
CTR than in the HHO gilts at 35 days ofof litter size by uterine capacity seems to
pregnancy. Part of this discrepancy can beccur during the first third of pregnancy. In
related to a lower mean weight of the foe-order to determine the role of UBF in this
tuses in the HHO group due to uterus crowdehenomenon, it would be necessary to mea-
ing in the early stages of gestation, as is thgure it from the beginning of pregnancy.
case near term. Another explanation could he variation of UBF throughout gestation
be that supernumerary foetuses of the HH@nd the important differences between gilts
gilts died before the first measurement ofilready suggest that UBF is a critical ele-
UBF, i.e. before 44 days. Rankin et al. [43]ment for the survival and growth of the foe-
showed that UBF was reduced 24 h aftetuses.
clamping a branch of the umbilical arterial
tree in sheep or killing a foetus in the mid-
dle of one uterine horn in rabbits. Unilat- ACKNOWLEDGEMENTS
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