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Water movements after an intraruminal water load
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Summary — The effects of an intraruminal load of 3 litres of water on body water movements was
compared in Sardi sheep during the last month of pregnancy, lactation and a non-pregnant, non-
lactating control period. Before the water load, rumen fluid volume, estimated by polyethylene glycol
was similar in pregnant, compared to control, animals and 27% higher in lactating sheep. After the
water load, rumen volume returned to pre-hydration level in 1 h during pregnancy, after 3 h during
lactation and in the control period. Rumen osmolality decreased by 40% and remained at this low
level for 3 h after the water load in all physiological periods. When the water load was tritiated water
(TOH), the rate of TOH transfer into plasma was faster during the last month of pregnancy than du-
ting the contro!l period. Plasma osmolality and proteins decreased in response to the water load. No
differences in these responses were observed between pregnancy, lactation and the control period.
Water diuresis began in the first 30 min following the water load in pregnant ewes and in the second
30 min in lactating and control ewes. The diuresis was also more pronounced in pregnant, than in
non-pregnant, states. These results indicate that water is more rapidly absorbed from the gastro-
intestinal tract in pregnant, rather than in non-pregnant, sheep. This may partly explain the increased
water turnover seen during pregnancy.
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Résumé — Mouvements d'eau aprés une charge intraruminale d'eau chez les brebis Sardi
gestantes et allaitantes. Les effets d'une charge intraruminale de 3 | d’eau sur les mouvements
d'eau corporelle ont été comparés chez des brebis Sardi durant le dernier mois de gestation, durant
la lactation et au cours d'une période de contréle. Avant la charge hydrique, le volume du fluide ru-
minal estimé par le polyéthyléne glycol a été similaire chez les brebis gestantes et les brebis de
coniréle et plus grand de 27% chez les brebis allaitantes. Aprés la charge hydrique, le volume du
fluide ruminal est retourné aux valeurs de pré-hydratation en 1 h durant la gestation et en 3 h durant
la lactation et la période de contrble. L'osmolalité ruminale a baissé de 40% et est restée a ce ni-
veau durant 3 h aprés la charge hydrique au cours de tous les stades physiologiques. Lorsque la
charge hydrique a été réalisée avec de l'eau tritiée (TOH), la vitesse de transfert de TOH vers le
plasma a été plus rapide durant le dernier mois de gestation que durant la période de contréle. L'os-
molalité et le taux de protéines plasmatiques ont diminué en réponse a la charge hydrique, mais ces
variations n'ont pas été différentes entre les 3 stades physiologiques. La diurése hydrique a démarré
dans la premiére demi-heure suivant la charge hydrique chez les brebis gestantes et dans la se-
conde demi-heure chez les allaitantes et les brebis de contréle. La diurése a été aussi plus pronon-
cée chez les gestantes que chez les non gestantes. Les résultats suggérent que l'eau bue est absor-
bée plus rapidement du tractus digestif au cours de la gestation. Cela peut expliquer en partie
l'accroissement du renouvellement d'eau corporelle se produisant durant la gestation.
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INTRODUCTION

Water intake increases during pregnancy
in goats (Olsson et al, 1982) and sheep
(Benlamlih et al, 1985; Michell et al, 1988),
and this is accompanied by excretion of
large amounts of diluted urine. The aug-
mented water turnover appears to be
caused partly by a primary stimulation of
thirst and partly by a decreased renal abili-
ty to concentrate the urine (Benlamlih,
1984).

During lactation, water intake is en-
hanced and this has been related to mitk
production (Davies, 1972), although recent
studies in lactating goats indicate that they
drink in excess of their needs (Dahlborn,
1987).

The rumen represents a large reservoir
for water. In spite of a large water diffusion
across the rumen wall, the transepithelial
net movement of water was reported to be
small (Engelhardt, 1970). The rate of net
water absorption of ingested water from
gastro-intestinal tract to blood plasma may
be greater if rumen fluid is transported
more rapidly to the posterior parts of the
gastro-intestinal tract. Due to compression
by the gravidic uterus, it was shown that
rumen volume is reduced during late preg-
nancy in sheep (Forbes, 1968, 1969), and
an increased liquid outflow from the rumen
was reported to occur during late pregnan-
cy (Weston, 1979). Therefore, a more rap-
id rate of absorption of ingested water may
be expected during late pregnancy. To in-
vestigate this hypothesis, the rumen vol-
ume was measured before and after an in-
traruminal water load in pregnant, lactating
and non-pregnant, non-lactating (= control
period) ewes. Furthermore, the activity of
tritiated water (TOH) in blood plasma, after
an intraruminal load of water labelled with
TOH, was compared for the 3 physiologi-
cal states.

MATERIALS AND METHODS

Animals and feeding

Ewes of the Sardi breed were used. This breed
is found in the semi-arid region of Tadla (Moroc-
co). The animals were kept in metabolism cages
and usually fed 500 g of hay and 200 g of grain
at 8 30 h and 17 00 h. In the afternoon, 6 g NaCl
and 10 g of a commercial mixture of vitamins
and minerals were added to the grain. The room
temperature was 15-23 °C and relative humidity
was 60 *+ 5%. The ewes usually had free access
to water. On the experimental days, the animals
were fed at 7 00 h and allowed to drink post
prandially. At 10 00 h, the water bucket was re-
moved.

All ewes delivered singletons. Lambs were
kept with their mothers in the metabolism cages
during the first 7-8 weeks. The lambs were then
removed, and after 3-6 wks, when the ewes
were completely dried, they were subjected to
the control experiments.

Rumen fluid volume measurement

Three ewes with rumen cannulas were used
(body weights 30-36 kg in control period, 36-45
kg in pregnancy and 30-40 kg in lactation). Each
animal was subjected to 3 experiments during
the last month of pregnancy, 2 during lactation
and 3 during the control period.

On experimental days, at 10 00 h, 100 ml of
a 2% polyethylene glycol (PEG 4 000, Merck)
solution was put into the rumen through the can-
nula. To ensure good mixing with the rumen
fluid, the solution was spread in different parts of
the rumen, and the abdomen of the ewes was
vigorously massaged manually for 4-5 min after
the injection of PEG. Rumen fluid samples were
taken before introducing the marker and immedi-
ately after the massage of the rumen. Each
sample contained 20-40 ml of rumen fluid with-
drawn from 3 different parts of the rumen (atri-
um, dorsal sac and ventral sac). The samples
were immediately filtered through a gauze and
then centrifuged. The supernatant was con-
served for analysis.
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After the first measurement of rumen fluid
volume, 3 litres of water (39 °C) were introduced
into the rumen through the cannula and the ab-
domen massaged as described above. A rumen
sample was taken immediately after the mas-
sage. Rumen volume measurements were then
repeated after 1, 2 and 3 h using the same pro-
tocol described earlier, except that only 50 m! of
the PEG solution was given.

To evaluate the efficiency of mixing, 4 experi-
ments were performed in control sheep during
steady-state conditions. The rumen volume was
measured as described above. In addition, ru-
men fluid samples were taken at 1,2, 3 and 4 h
after the introduction of the marker, and the
PEG concentration at zero time was calculated
from the regression curve.

TOH activity in blood plasma

Four ewes were used (body weights 41-45 kg in
control period, 44-51 kg in pregnancy and 41-47
kg in lactation). Each animal was subjected to 2-
3 water load experiments during the last month
of pregnancy, during lactation (20-40 d after par-
turition) and during the control period. An inter-
val of at least 8 d was allowed between the 2 ex-
periments.

On the experimental day, a polyethylene can-
nula was introduced into 1 of the jugular veins
and a retention catheter was placed in the uri-
nary bladder. After a control blood sample had
been taken and urine had been collected for a
30-min period, the animals received 3 litres of
warm water (39 °C) in the rumen by stomach
tube. The first 2.5 litres contained 200 pCl of
TOH (Amersham, England). The remaining 0.5
litre ensured that all radioactivity remaining in
the stomach tube was washed into the rumen.
The abdomen was then massaged as described
above. Blood samples were taken at 10, 20, 30,
40, 50, 60, 90, 120, 150, 180, 240, 300, 360 and
420 min after intraruminal loads with labelled
water. Urine was collected at 30 min-intervals
for 3 h.

When the final blood sample had been taken,
the water bucket was replaced in front of the ani-
mals and the afternoon meal offered.

Analysis

The ruminal concentration of polyethylene glycol
was analysed in triplicate, according to the
method described by Hyden (1955).

Aliquots of 1 ml of plasma were transferred to
scintillation vials and mixed with 15 ml of liquid
scintillator (Scintiverse E, Fisher Company). The
vials were placed in a liquid scintillator counter
and estimated for the radioactivity of the plas-
ma. Correction for quenching was made by
means of the external channel-ratio.

The osmolality of plasma, urine and rumen
fluid was determined on a Knauer automatic os-
mometer. The total plasma proteins were meas-
ured with a refractometer (TS meter, American
Optical).

Calculations and statistics

The rumen volume V was calculated according
to Hyden (1961) :

V=(Q-LxC2)/(C2-C1)

where Q is the amount of polyethylene added
into the rumen, C1 and C2, the concentration
immediately before and after the dosage, and L,
the volume of water added with polyethylene
glycol.

The transfer of HTO from rumen to plasma,
after intraruminal TOH loading, could be de-
scribed by first-order kinetics (Holtenius, 1989).
Thus, the rate constant for the TOH transfer
could be calculated according to the equation:

Ay - A =Agp™

A, : the plasma TOH activity at time t (samples
taken at 10, 20, 30, 40, 50, 60 min after water
load).

A, : the equilibrium plasma activity (mean TOH
activity of samples taken at 360 and 420 min af-
ter the water load).

k : rate constant for HTO transfer from rumen to
plasma.
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The back flow of TOH from plasma to rumen
was not compensated for, since the ruminal
TOH concentration was much higher than plas-
ma TOH concentration during the 60 min meas-
urement period (Holtenius, 1989). The model
was fitted to the data by exponential regression
and k value, estimated for each experiment.

The results obtained during pregnancy and
lactation were compared with those of the con-
trol period by the Student t-test. Values are giv-
en as means + SEM.

RESULTS

Changes in rumen fluid volume

Morning post-prandial drinking before wa-
ter loading was 1.0 + 0.2 | during the con-

litres

CONTROL (n=9)

PREGNANCY (n=9)

S Benlamlih, M Oukessou

trol period; 1.8 £ 0.3 | (P < 0.05) during
pregnancy, and 1.2 + 0.2 | (NS) during lac-
tation.

Rumen osmolality decreased after the
intraruminal water load to about 0.15
osm.kg-! during all 3 periods (fig 1). For
3 h after the water load, rumen osmolality
was maintained at this low level. Values of
corresponding samples were not statisti-
cally different during pregnancy, lactation
and the control period.

Before the water load, rumen fluid vol-
ume was similar in pregnant andcontrol
animals and 27% larger in lactating sheep
(fig 1). During lactation and the control pe-
riod, rumen volume decreased gradually
after the water load with the slowest

LACTATION (n=6)

61— Tt
H : i
- . : ot
w H ' ' | T
R ; 5
-l .
o .
> -
=}
3 2
('S
2
z -
=
2
ol
osm/kg
r o3r—
3 ¢
3
e I~ ¢
g ¢
173
o
a 02— R s e s
E] L S . 21z § T3
o : =z ' HE I
z l— : 9 9 6§ § §
g 2 :
2 o1l- —L 1 Lt 1 L 1 1 | hours
o 1 2 3 o 1 2 3 o 1 2 13

Fig 1. Changes in rumen fluid volume and osmolality after intraruminal water load (3 | at 39 °C). In
the top figure, broken lines represent the water vol, added immediately after measurement of rumen
volume at time 0. Asterisks indicate significant differences with pre-hydration values during each phy-
siological state (* P < 0.05, ** P < 0.01, *** P < 0.001). Crosses refer to significant differences bet-
ween pregnancy or lactation, and the corresponding values during the control period (t P < 0.05).

Mean + SE.
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change in lactating ewes. In pregnant ed by extrapolation from the concentration
sheep, rumen volume was back to pre- curve, were 3.4, 3.0, 3.2 and 3.9 litres.
hydration value 1 h after the intraruminal

water load.

The evaluation of the method of rapid
mixing of the marker gave the following re-
sults: the volumes calculated from the
samples taken immediately after massag-  The kinetics of plasma TOH, expressed as
ing the abdomen were 3.4, 3.0,3.0and 3.8 % of the equilibration value, is shown in
litres. The corresponding values, calculat-  figure 2. The increase in plasma TOH ac-

Experiments on the transfer rate
of TOH into blood plasma
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Fig 2. Increase in plasma TOH activity (as % of equilibration value) after intraruminal load of 3 | of
water labelled with TOH during the control period, during pregnancy and during lactation. Stars refer
to significant difference between pregnancy or lactation and the corresponding values during the
control period (*P < 0.05, **P < 0.01). Mean + SE.
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tivity was faster during the last month of
pregnancy compared to the control period.

The rate of TOH transfer from rumen to
plasma was 1.4 + 0.1%+min-! during the
control period, 2.1 + 0.1%min~'! (P < 0.01)
during pregnancy and 1.8 + 0.1%emin-!
(NS) during lactation.

Before the water load, total plasma pro-
tein was lowered during both pregnancy
and lactation, while plasma osmolality was
similar during pregnancy, lactation and the
control period (table ). The intraruminal
water load induced a decrease in these 2
blood parameters. No significant differen-
ces in these responses were observed
between pregnancy, lactation and the con-
trol period.

Before the intraruminal water load,
urine flow was higher and urine osmolality
lower in pregnant, than in control, animals
(fig 3). Intraruminal administration of 3 li-
tres of water induced a water diuresis in all
animals, but the urine flow increased more
rapidly and became more pronounced dur-

ing pregnant, compared with non-

pregnant, states.

DISCUSSION

The determination of rumen volume after
rapid mixing of the marker corresponded
well with the values obtained (during
steady-state conditions) by extrapolation to
zero time from the concentration curve.
This first method, already used by Chosh-
niak and Shkolnik (1977), allowed meas-
urements during non-steady state condi-
tions with large variations in rumen
volume, but could not be used for accurate
determination of outflow from the rumen.

In agreement with previous observa-
tions in goats (Olsson et al, 1982), intraru-
minal water loads in Sardi ewes induced a
faster urine excretion of the excess water
during pregnancy than during a non-
pregnant state. This might be explained by
a more rapid absorption of water from the
gastro-intestinal tract to plasma during

Table . Plasma osmolality and total plasma proteins during the control period (n = 10), during pre-
gnancy (n = 10) and during lactation (n = 10). The values represent the initial levels and the net varia-
tion after an intraruminal load of 3 litres of water. Asterisks refer to t-test comparison with the control

period (* P < 0.05; ** P < 0.01). Mean + SE.

0 min 20 min 40 min 60 min 120 min 180 min
Plasma osmolality
{mosmol-kg')
Control period 295+2 -2%1 -2*1 -1+2 -2+1 =51
Pregnancy 2962 —4+2 —4+2 —4+3 -6+2 —-6+3
Lactation 294+3 -0%2 -2%2 -2+1 -3+2 -5+2
Plasma proteins
(g°77)
Control period 70+ 0 -2+ 1 —2+1 11 -2+1 ~1+1
Pregnancy 64+ 2(%) -2+ 0 —2+1 -2%0 -2+3 ~-1£1
Lactation 63+ 1(*) -2+ 0 —2+1 -2+1 -1+1 -1£0
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Fig 3. Effects of intraruminal water load (3 | at 39 °C) on urine volume and urine osmolality during the
control period, during pregnancy and during lactation. The crosses refer to a significant difference be-
tween control period and corresponding values during pregnancy and lactation (t P < 0.05, 11 P <
0.01, 111 P < 0.001). The stars refer to the time at which urine flow and urine osmolality became si-
gnificantly different (P < 0.05) from the pre-hydration value. Mean + SE.

pregnancy, leading to a more rapid excre-
tion of water by the kidneys. In favour of
this hypothesis, is the fact that the rate of
TOH transfer from rumen to plasma was
higher during pregnancy, than during the
control period. A faster absorption of water
during pregnancy would have induced a
more pronounced hemodilution. However,
the changes in plasma osmolality and plas-
ma proteins were similar during the 3 phys-
iological states. This can be related to the
rapid renal excretion of water seen during
pregnancy resulting from the reported de-
crease in the ability of the kidneys to con-
centrate urine (Benlamlih, 1984) and fast
plasma clearance rate for the arginine-
vasopressin (Wintour et al, 1987).

The faster return of rumen volume to
pre-hydration level in pregnant ewes indi-
cates either a fast net water absorption
over the rumen wall, or quick bypass to the
lower part of the gastro-intestinal tract. In a

recent study, net water absorption from the
rumen was reported to be over 1 litre in 20
min in sheep (Holtenius, 1989), showing
that great amounts of water can be ab-
sorbed through the rumen epithelium. The
relatively large osmotic gradient, seen in
the present study, between rumen fluid
and plasma should have stimulated net
water absorption from the rumen (Engel-
hardt, 1970). On the other hand, rumen os-
molality was the same during pregnancy,
lactation and the control period, and there-
fore, the net water absorption from the ru-
men caused by the osmotic gradient was
probably the same during all 3 physiologi-
cal states. However, it is possible that an
elevated rumen blood flow, which has
been reported to occur during pregnancy
(Alexander et al, 1987), could have in-
creased TOH clearance by producing a rel-
atively high localized osmotic gradient
(Dobson, 1984).
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Because rumen osmolality remained
relatively constant for 3 h after the water
load, the water was either absorbed sec-
ondarily to osmotically active solutes, as
suggested by Dobson et al (1976), and/or
transported out of the rumen with the so-
lutes to the posterior parts of the digestive
tract where the excess water could have
been absorbed. In favour of the latter sug-
gestion, is the observation that the resi-
dence time of water load in the rumen is
reduced during pregnancy, most likely due
to an increased pressure on the rumen by
the gravidic uterus (Forbes, 1968, 1969).

During lactation, milk production in-
volves a considerable strain on water bal-
ance, which can exceed that during preg-
nancy. Rumen volume was largest during
lactation, and after the intraruminal water
load, the decrease in rumen volume was
slowest in this period. This indicates a pro-
longed retention time for water in the ru-
men of lactating ewes. The relatively low
renal water excretion could also indicate a
slower net witer absorption from the di-
gestive tract during lactation, compared to
the control period. The rate of TOH trans-
fer to plasma was, however, similar during
lactation and the control period.

The resuits of the present study indicate
that water is more rapidly absorbed from
the gastro-intestinal tract during pregnan-
cy. Together with an increased water in-
take and enhanced renal free water excre-
tion, this could explain the increased water
turnover in pregnant sheep. In contrast to
the pregnancy condition, rumen capacity
to store water was increased during lacta-
tion. This, in combination with the slow re-
nal excretion of the water load, would at-
tenuate the susceptibility of lactating
sheep to shortage of water.
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