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The Effects of Water Deprivation on Cerebrospinal Fluid Constituents
During Feeding in Sheep
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ABSTRACT : The internal humoral factors in the central regulation of dry feed intake during water deprivation in sheep
were investigated by measurement of cerebrospinal fluid (CSF) constituents. Five animals were fed dried alfalfa chaff for 2
hours once a day. Sheep in the water deprivation treatment were deprived of water for 28 hours, while the sheep in the
control treatment were given free access to water. During the first hour of the 2 hour feeding period, a rapid reduction in
blood volume occured in both treatments (water deprivation and free access to water). The CSF concentrations of Na, Cl
and osmolality during the second hour of the 2 hour feeding period in both teatments were greater {p<0.01) than those
during the first hour. The drinking behaviors in sheep were concentrated during the second hour of the 2 hour feeding
period in periods of free access to water. Water intake during feeding in periods of free access to water was 1110 ml/2 h.
The levels of increase in CSF osmolality with feeding during water deprivation were greater (p<0.01) than during periods of
free access to water. The changes in CSF osmolality with feeding during water deprivation produced more vigorous thirst
sensations in the brain compared to during periods of free access to water, The eating rates for the first hour of the allotted
2 hour feeding period were the same under both treatments. However, the eating rates for the second hour during water
deprivation periods decreased significantly {p<0.05) compared to those during periods of free access to water. The decreased
eating rates for the second hour during water deprivation may be due to the vigorous thirst sensations produced in the
brain. The results suggest that the increase in CSF osmolality with feeding during water deprivation acts as a thirst and
satiety factor in brain mechanisms controlling feeding to decrease dry feed intake in water-deprived sheep. (Asian-Aust. J.
Anim. Sci, 2001, Vol 14, No. 4 : 467-473)
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INTRODUCTION intake, whereas intraruminal infusion of excessive
water increased feed intake (Baile et al, 1969
Feed intake decreases during water restriction or Ternouth and Beattie, 1971; Kato et al, 1979). The

water deprivation in animals (Langhans et al., 1995). water intake of sheep after the completion of

It is thought that there may be a relationship between
the mechanisms controlling water and feed intake in
animals.

In sheep fed on alfalfa hay cubes, Otani et al
(1983) reported that the hematocrit value increased
soon after feeding. Mathai et al. (1997) also reported
that the plasma protein concentration in sheep fed on
alfalfa dry chaff increased by 15% within 30 mins of
feeding. Sato (1975) reported that circulating plasma
volume estimated with Evans blue dye dilution
method, decreased 10% during feeding in sheep fed
alfalfa hay cubes. Despite the fact that the sheep in
this experiment have free access to water during the 2
hour feeding period (in which they were fed dry feed)
they may become hypovolemic during the first hour.

The intraruminal infusion of hyperosmotic NaCl or

polyethylene glycol-400 (PEG) in sheep decreased feed
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intraruminal hyperosmotic solution infusion increased
markedly. On the other hand, the water intake of
sheep after the completion of excessive intraruminal
water infusion decreased compared to that during non
infusion. These results show that the thirst levels
produced by hyperosmotic solution infusion were
greater than those during water infusion in sheep.

The sensations of hunger, satiety and thirst are
produced in the brain as a result of the integration of
neuronal and humoral information (Nijima, 1969,
Schmit, 1973; Fitzsimons, 1979; Oomura, 1980; Ono
et al, 1981). Neuronal information is transported via
the autonomic nerve (especially the vagus nerve) from
the peripheral organs chemoreceptors and the
mechanoreceptors in the internal visceral organs. A

broad range of internal humoral iInformation Is
transported via the blood and cerebrospinal fluid.
However, to date the internal humoral factors

regulating feed intake in ruminants have not yet been
found. _

The aim of the present research was to clarify the
internal  humoral factors in  brain  mechanisms
controlling feed intake during water deprivation. We
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investigated changes in CSF
feeding in water-deprived sheep.

constituents  during

MATERIALS AND METHODS

Animals

Five crossbred Merine ewes, 34-45 kg body
weight, were used. The sheep were ovariectomized and
had both carotid arteries exteriorized in a skin loop.
All animals were surgically prepared with a guide tube
(17-gauge stainless needle, 34 mm long) implanted
6-10 mm above each lateral brain ventricle. The
surgical and experimental procedures were approved by
the  Institutes  Animal  Experimentation  Ethics
Committee, and adhered to the Australian code of
practice for the care and use of animals for scientific
purposes.

The sheep were maintained in metabolic cages,
which allowed for the separate collection of urine,
saliva and feces. In addition, the cages contained two
pedals. The animals were trained to press the left
pedal to obtain 25 ml of 0.5 M NaCl (=12.5 mmol
Na) and the right pedal to get 50 ml of water. All
deliveries were consumed. The number of deliveries
were counted and recorded continuously by computer.

We examined the effect of water deprivation on
plasma and CSF constituents during feeding in sheep
adapted to a 2 hour, once a day feeding period. The
sheep were offered a 1.5 kg daily ration of dried
alfalfa chaff (Na+ 9$0-100 mmolkg, K+ 250-400
mmol/kg) once a day (11:00 to 13:00) (Ruckebush and
Malbert, 1986; Spina et al, 1996). All feed intake
data are expressed on a dry matter basis. The
temperature of the room in which this experiment was
carried out was maintained at 207C.

Cerebrospinal fluid and blood sampling

For taking cerebrospinal fluid (CSF), an obturator
was removed from one of the guide tubes, and a LV
(lateral ventricle) probe (20-guage needle attached to a
metal Luer-Lock cap) of the appropriate length was
inserted through the guide tube into the lateral brain
ventricle. The probe was connected via a polyethylene
cannula to a 10 ml syringe, and outflow of CSF was
collected in the cannula.

The blood samples were taken via cannula from a
carotid artery.

Experimental design

Two treatments were performed: 1) a control
treatment (free access to water), and 2) a water
deprivation treatment. Each treatment was performed
on five sheep. Animals had free access to water and
NaCl solution ad libitum in the control treatment. In
the water deprivation treatment, the water pedal was
locked for 28 hours from 11:00 on Monday to 15:00
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on Tuesday, and from 11:00 on Thursday to 15:00 on
Friday. The control experiments were conducted on
Tuesday and Friday. The water deprivation experiments
were conducted on Tuesday and Friday in the
following week. CSF samples (0.5 ml) and blood
samples (10 ml ) were taken at 11:00, 11:30, 12:00,
13:00 and 15:00 on each day. Feed intake was
measured at 30 min intervals for 2 hours from 11:00
to 13:00. Water and sodium intake were also measured
daily.

Chemical analysis

Plasma Na+, K+, Cl-, glucose and total protein
were measured with a Beckman CX5 Clinical system
(Beckman, USA). Osmolality was measured with a
Digimatic osmometer (Advanced Instrument, Denmark).

Alfalfa chaff was ground using a Willey mill
(Type 40-525P, Ikemoto Rika Kougyou, Japan) and
the chemical composition was analyzed (Kato, 1988).
The digestible c¢rude protein (DCP) and the total
digestible nutrients (TDN) were calculated using the

chemical composition and digestibility (table 1). The

digestibility of the feed was determined using the in
vivo method by the formula: digestibility (%)=(dry
matter intake-fecal output)/dry matter intake X 100%.

Statistical analysis

As the confounding effect of previous treatments
was not found in the results of the experiments
conducted on Friday, a statistical analysis was
performed using pooled data from Tuesday and Friday
(ten observations from 5 sheep). Data are presented as
means+S.E. from the ten observations of 5 sheep. A
two-way ANOVA and subsequent Dunnetts test
(repeated measurement) were performed to compare the

Table 1. Chemical composition and nutritive values
of alfalfa chaff

Alfalfa chaff

Dry matter(%) . 89.0+0.17
Chemical composition (% of DM)
Organic matter 92.8£0.05
Crude protein 12.9£0.21
Crude fat 3.5+£011
Crude fiber 24.5+0.19
Nitrogen-free extracts 52.0+0.29
NDE" 45.6+0.21
ADF?) 2621023
Nutritive values(% of DM)
DCP” 9.2+0.13
TDN" 61.6 £0.01

" NDF: Neutral detergent fiber, “ ADF: Acid detergent
fiber, " DCP: Digestible crude protein, * TDN: Total
digestible nutrients, Values are means=SE from five
determinations.
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differences in data between treatments (free access to
water and water deprivation) (Gill, 1978; SAS, 19%0).
Further data analysis using the same methods was
catried out to compare changes prior to, during and
after feeding within each treatment.

RESULTS

The results of feed intake are shown in figure 1.
The eating rates for the first hour of the allotted 2
hour feeding period were the same in both treatments
(water deprivation and free access to water). However,
the eating rates for the second hour during water
deprivation periods decreased significantly compared to
those during periods of free access to water. The
drinking behaviors in sheep were concentrated during
the second hour of the 2 hour feeding period in
periods of free access to water. Water intake during
feeding in periods of free access to water was 1110=*
93 mlf2 h and the total daily water intake was 2275
*140 ml/day (table 2). The plasma total protein
concentration after 30 mins of the commencement of
feeding during water deprivation increased significantly
compared to that during periods of free access to
water (figure 2). The plasma osmolality prior to,
during and after feeding in water deprivation periods
increased significantly compared to that during periods
of free access to water. However, the plasma
concentrations of Na, K and Cl during water
deprivation were not different from those during
periods of free access to water (figure 3).

The CSF osmolality prior to, during and after
feeding in water deprivation periods increased
significantly compared to that during periods of free
access to water (figure 5). On the other hand, the
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Figure 1. Cumulative feed intake and eating rate
during the 2 hr feeding period in periods of water
deprivation (O, W) and periods of free access to water
(C, ®). Each point represents the meantS.E. of 5
sheep. Significant differences from the value during
periods of free access to water are indicated by *
p<0.05.
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Table 2. Water and salt intake in Na replete sheep

Water intake

ml/2 h 11100 £93.0

ml/day 22755 £1398
0.5 M NaCl intake

ml/2 h 575 %129

ml/day 628.0 £110.2

Values are meanstS. E. from ten observations of 5 sheep.

CSF concentrations of Na, K and Cl during water
deprivation were not different from those during
periods of free access to water (figure 4). The levels
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Figure 2. Plasma total protein concentration, plasma
osmolality and plasma glucose concentration during the
2 hr feeding period in periods of water deprivation
(@) and periods of free access to water (@). Each
poin represents the mean+ S.E. of 5 sheep. Significant
differences from the value during periods of free
access to water are indicated by * p<0.05, ** p<(Q.0l.
Significant differences from prefeeding values are
shown by + p<0.05, ++ p<0.01.
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Figure 3. Plasma concentrations of Na, K and Cl
during the 2 h feeding period in perods of water
deprivation (@) and periods of free access to water
(®). Each point represents the mean*S.E. of 5 sheep.
Significant differences prefeeding values are shown by
+ p<0.05, ++ p<0.01.

of increase in CSF osmolality during water deprivation
were larger than the increases in plasma osmolality.

DISCUSSION

In this experiment, sheep were offered dry alfalfa
chaff for 2 hours once a day, and their feeding drive
was strong. While eating continued for the entire
duration of the feeding period, the highest eating rates
were observed in the first 30 mins of the 2 hour
feeding period. The concentrations of plasma total
protein, plasma osmolality and CSF osmolality prior to
feeding were significantly  higher during water
deprivation than during periods of free access to water
(figures 2 and 5). The levels of increase in plasma
total protein concentration during water deprivation in
sheep were smaller than those in cats (Schultze et al,
1972). Although sheep during water deprivation
experienced greater thirst than during periods of free
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Figure 4. CSF concentrations of Na, K and Cl during

the 2 hr feeding period in periods of water

deprivation (M) and periods of free access to water,

Each point represents the mean*S.E. of 5 sheep.

Significant differences from prefeeding values are
indicated by + p<0.05, ++ p<Q.0].

access to water, their feed intake for the first hour of
the allotted 2 hour feeding period was the same under
both treatments (figure 1). The similarity in eating
rates between both treatments for the first hour of the
allotted 2 hour feeding period were due to a 2 hour
once a day feeding system. These results indicate that
animals in both treatments experienced the same
degree of hunger before feeding and exhibited a
similar appetite during the first phase of feeding.

It was reported that the feed intake of alfalfa
pellets was regulated by changes in ruminal fluid
osmolality (Baile et al, 1969; Kato et al, 1979;
Grovum, 1995). The same sized dose of hyperosmotic
NaCl, polyethylene glycol-400 (PEG), sodium acetate
or sodium propionate produced the same increases in
rumen fluid osmolality when intraruminally infused.
These increases in rumen fluid osmolality resulted in
the same sized decrease in feed intake (Grovum,
1995). On the other hand, when the rumen fluid
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osmolality was decreased by the intraruminal infusion
of an excessive amount of warm water (39.8°C), feed
intake increased markedly (Kato et al, 1979). It has
been thought that the changes in ruminal fluid
osmolality were sensed by the osmoreceptors in the
rumen wall and these signals were then transported
into the central nervous system (Leek and Harding,
1975). However, the effect of internal humoral factors
on the intake of grass has not been investigated under
these experimental conditions. During the first hour of
feeding, a rapid reduction in blood volume probably
occured in both treatments, as indicated by an initial
increase in plasma protein concentration (figure 2). It
is likely that hypovolaemia was caused by fluid
moving from the circulating blood into the saliva and
gut soon after dry feed had been ingested. Within the
second hour, plasma protein concentration returned to
pre-feeding levels, but plasma osmelality, Na and Cl
concentration continued to increase (figures 2 and 3).
The increase of plasma Na and Cl concentrations
appeared to depend on the continuous Na, CI
absorption from the rumen (Stacy and Wammer, 1966;
Wamer and Stacy, 1972). These increases of rumen
fluid and plasma osmolality, and hypovolaemia with
feeding in both treatments resulted in increased CSF
osmolality (figure 5).

It was observed in this experiment that drinking
behaviors in sheep were concentrated in the second
hour of feeding during periods of free access to water.
The water intake during feeding in periods of free
access to water was 1110 ml/2 h (table 2). The CSF
concentrations of Na, Cl and osmolality during the
second hour of feeding in both treatments were greater
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Figure 5. CSF osmolalities during the 2 hr feeding
period in periods of water deprivation (M) and periods
of free access to water (@). Each point represents the
mean=S.E. of 5 sheep. Significant differences from
the value during periods of free access to water are
indicated by * p<0.05, * p<0.01l. Significant
differences from prefeeding values are shown by +
p<0.05, ++ p<0.0l.
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than those during the first hour of feeding (tables 4
and 5). It was reported that osmoreceptors exist in the
organum vasculosum lamina terminalis (OVLT) and Na
sensors in the subfomical organ (SFO) (Weisinger et
al,, 1985). Assuming that Na sensors and osmo-
recepters in the brain are involved in thirst, the
increases in CSF Na concentration and CSF osmolality
may produce thirst sensations in the brain (Weisinger
et al, 1985, McKinley et al, 1994). The levels of
increase in CSF osmolality with feeding were greater
during water deprivation than during periods of free
access to water (figure 5). These feeding related
changes in CSF osmolality during water deprivation
produced greater thirst sensations in the brain than
during periods of free access to water.

When rats -were deprived of water or when ANGII
produced during water deprivation was injected into
the lateral ventricle, thirst sensations were produced in
the brain (Nazarali et al., 1987, Weisinger et al.,
1997). Under these conditions, increased formation of
c-fos was observed in the hypothalamic praventricular
nucleus (PVN), supraoptic nucleus (SO) as well as in
the circumventricular organs including OVLT, SFO and
median preoptic nucleus (MnPO) (Morien et al., 1999).
The c¢-fos expression indicates increased activity of
neurons, in a range of neural systems (Hunt et al.,
1987, Dragunow et al, 1989). While the
circumventricular organs are outside the blood-brain
barmier and thus are exposed to changes in circulating
constituents, the PVN and SO are inside the
blood-brain barrier. These nuclei are related to the
central control of feed and water intake, and are
activated during water deprivation (Amauld et al,
1975; Morley et al, 1987, Nazarali et al, 1987,
Vaughan et al.,, 1995).

Lesioning of the SFO abolishes the dipsogenic
response to intravenous administration of angiotensinll
(ANGII), however, central administration of the peptide
elicits drinking even in the presence of such a lesion
(Phillips, 1978). In this experiment, CSF osmolality
prior to, during and after feeding in water deprivation
periods increased significantly compared to that during
periods of free access to water (figure 5). Infusion of
ANGII into the lateral ventricle of sheep produced
thirst sensations which resulted in the decrease of feed
intake (Sunagawa et al, 2000). The neuronal activity
of ventromedial hypothalamic neurons decreased by
intraventricular administration of hyper osmotic NaCl
solution in freely behaving rats (Ono et al, 1987).
From these results, it is thought that the marked
increases in CSF osmolality during the second hour of
feeding in water deprivation periods acts as a thirst
and satiety factor in brain mechanisms controlling
water and feed intake. The similarity in CSF Na and
Cl concentrations in both treatments may be due to
the fact that the loss of Na and Cl from the
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circulating blood into. saliva--and the gut, and the
absorption of -Na and Cl from the rumen into the
circulating blood was the same.

The ‘results suggest that the maked increase in CSF
osmolality with feeding during water deprivation acts
as a thirst and satiety factor in brain mechanisms
controlling feeding to decrease dry feed intake in
waler-deprived sheep.

ACKNOWLEDGEMENT

The technical assistance..of ‘A, Gibson and M.
Bastias: is gratefully acknowleged. We also thank G.
Mcllvride, M. Miyazato, K.. Fujisawa, 1. Nagamine and
B. «:W. H.- E. Prasetiyono for help in preparing the
manuscript, -and Dr. K. Hikosaka for proofreading.
This -work was supported by a block grant to Howard
Florey Institute of Experimental Physiology and
Medicine by the National Health and Medical
Research Council of Australia.

REFERENCES

Amauld, E., B. Duff and J. D. Vincent. 1975. Hypothalamic
supraoptic neurons: rates and patterns of action potential
firing during water deprivation in the unaesthetized
monkey, Brain Res. 100:315-325.

Baile, C. A., J. Mayer and C. L. McLaughlin. 1969. Feeding
behavior of goats: ruminal distension, ingesta dilution and
acetate concentration. Amer. J, Physiol, 217:397-402.

Dragunow, M, and R. Faull. 1989. The use of c-fos as a
metabolic marker in neuronal pathway tracing. J.
Neurosci. Methods. 29:261-265.

Fitzsimons, J. T. 1979, The Physiology of Thirst and
Sodium Appetite. Cambrige, UK: Cambridge University
Press.

Gill, J. L. 1978. Repeated measuement and split-plot designs.

_ In: Design and Analysis of Experiments in the Animal
and Medical Sciences (Ed. J. L. Gill). The Iowa State

“ "University Press. Ames. pp. 169-259.

Grovum, W. L. 1995. Mechanisms explaining the effects of
short . chain fatty acids on feed intake in ruminants-

. osmotic pressure; insulin and :glucagon. In: Ruminant
Physiology: Digestion, Metabolism, Growth and Repro-
duction. Proceedings of the Eighth International Symposi-
um on Ruminant Physiology (Ed. W. V. Engelhardt, S.
Leonhard-Marek, G. Breves and D. Giesecke). Ferdinand
Enke Verlag. Stuttgan. pp. 173-197.

Hunt, S. P, A. Pini and G. Evan. 1987, Induction of
c-fos-like protein in spinal cord neurons following

~ sensory stimulation, Nature, 328:632-634.

Kato, S., Y. Sasaki and T. Tsuda. 1979. Food intake and
“rumen osmolality in the sheep. Annales de Recherches
Veterinaire 10:229-230.

Kato, Y. 1988. Analysis of chemical components of feed. In:
Shiryo ‘Bunseki Kijun Kyoukai (Ed. Shiryou Bunseki
Kijun Tyukai.-Nihon Shiryo Kyoukai). Tokyo. pp. 1-16.

Langhans, W., R. Rossi and E. Scharrer. 1995. Relationships
between feed intake and water intake in ruminants. In:

SUNAGAWA ET AL.

Ruminant Physiology: Digestion, Metabolism,Growth and
Repraoduction. Proceedings of the Eighth International
Symposium on Ruminant Physiclogy (Ed. Engelhardt, W.
V., S. Leonhard-Marek, G. Breves and D. Giesecke).
Ferdinand Enke Verlag. Stuttgart. pp. 199-216.

Leek, B. F. and R. H. Harding. 1975. Sensory nervous
receptors in the ruminant stomach and the reflex control
of reticulo-ruminal motility. In: Digestion and Metabolism
in the Ruminant Stomach (Ed. 1. W, McDonald and A.
C. 1. Wamer). University of New England Publishing
Unit. Armidale. Australia. pp. 60-76

Mathai, M., M. D. Evered and M. J. McKinley. 1997
Intracerebroventricular losartan inhibits postprandial drink-
ing in sheep. Am. J. Physiol. 272:R1055-R1059.

McKinley, M. J, R. B. Harvey and L. Vivas. 1994.
Reducing brain  sodium concentration prevents post-
prandial and dehydration-induced nawiuresis in sheep.
Acta Physiol. Scand. 151:467-476.

Morey, 1. E., A."S. Levine, B. ‘A. Gosnell, J. Kneip and M.
Grace. 1987. Effect of neuropeptide Y on ingestive
behaviors in the rais. Am. J. Physiol. 252:599- RG0S,

Morien, A, L. Garrard and N. E. Rowland. 1999,
Expression of Fos immumoreactivity in rat brain during
dehydration: effect of duration and timing of water
deprivation. Brain. Res. 816:1-7,

Nazarali, A. J, J. S. Gutkind and J. M. Saavedra. 1987.
Regulation of angiotensin I binding sites in the
subfornical organ and other tat brain nuclei after water
deprivation. Cell. Mol. Neurobiol. 7:447-455.

Niijima, A. 1969. Afferent impulses discharge from gluco-
receptors in the liver of the guinea pig. Ann. N. Y,
Acad. Sci. 157:690-700.

Ono, T, Y. Qomura, H. Nishino, K. Sasaki, M. Fukuda and
K. Muramoto. 1981. Neural mechanisms of feeding
behavior. In: Brain Mechanisms of Sensation (Ed. Y.
Katsuki, R. Norgren and M. Sato). New York. John
Wiley and Sons. ' ’

Ono, T., K. Sasaki and R. Shibata. 1987. Feeding - and
chemical - related activity of ventromedial hypothalamic
neurones in freely behaving rats. J. Physiol. 394:221-237.

Oomura, Y. 1980. Input-output organization in the hypo-
thalamus relating food intake behavior. In: Handbook of
Hypotalamus (vol. 2), Physiology of the Hypothalamus
(Ed. P. J. Morgan and J]. Panksepp). New York, Basel,
Marcel Dekker.

Otani, F., H. Takahashi, K. Ambo and T. Tsuda. 1983.
Changes of blood and cerébrospinal fiuid constituents
after feeding in sheep. Tohoku J. Agri. Res. 33:155-163.

Phillips, M. 1. 1978. Angiotensin in the brain. Neuro-
endocrinology. 25:354-377.

Ruckebusch, Y. and C. H. Malbert, 1986. Stimulation and
inhibition of food intake in sheep by centrally-
administered hypothalamic releasing factors. 38:929-934.

SAS. 1990, SAS/STAT Users Guide. Volume 2. Version 6,
‘Fourth Edition. SAS Institute Inc., SAS Campas Drive,
Cary, NC27513.

Sato, Y. 1975. The relationship between saliva secretion and
body fluid balance during feeding in sheep. Ph. D.
‘Thesis, Tohoku University, Sendai, Japan.

Schultze, G., K. Kirsch and L. Rocker. 1972. Distribution
and circulation of extracellular fluid and protein during
different states of hydration. Pfliigers Arch. 337
351-366.



CSF CONSTITUENTS DURING FEEDING IN WATER-DEPRIVED SHEEP

Schmitt, M. 1973. Influences of hepatic portal receptors on
hypothalamic feeding and satiety centers. Am. J. Physiol.
225:1089-1095.

Stacy, B. D. and A. C. Wamer, 1966. Balnces of water and
sodium in the rumen during feeding osmotic
stimulation of sodium absorption in the sheep, Q. J. Exp.
Physiol. Cogn. Med. Sci. 51:79-93,

Spina, M., E. Merio-Pich, R. K. W. Chan, A. M. Basso, J.
River, W. Vale and GE. Koob. 1996, Appetite-
suppressing  effects of urocortin, a  CRF-related
neuropeptide. Sci. 273:1561-1564.

Sunagawa, K., R. 5. Weisinger, M. J. McKinley, B. S.
Purcell, C. Thomson and P. L. Burns. 2000, The role of
angiotensin[Iin the central regulation of feed intake in
sheep. Can. J. Anim. Sci. (in press}

Temouth, J. H. and A, W. Beatitie. 1971. Studies of the
food intake of sheep at a single meal. Br. J. Num.

473

25:153-164.

Vaughan, J.,, C. Donaldson, ). Bittencourt, M. H. Perrin, K.
Lewis, S. Sutton, R. han, A. V. Tumbull, D. Lovejoy,
C. River, 1. River, P. E. Sawchencko and W. Vale.
199S5. Urocortin, a mamalian neuropeptide related to fish
vrotensin 1 and to corticotropin-releasing factor. Nature.
378:287-292.

Warner, A. C. and B. D. Stacy. 1972. Water, sodium and
potassium movements across the rumen wall of sheep. Q.
J. Exp. Physiol. 37:103-119.

Weisinger, R. S., D. A. Denton, M. I. McKinley, A. F.
Muller and Tarjan, 1985, Cerebrospinal fluid sodium
concentration and salt appetite. Brain Res. 326:95-105,

Weisinger, R, S, J. R, Blair-west, D. A. Denton and E.
Tajan. 1997. Role of brain angiotensinll in thirst and
sodium appetite of sheep, Am. J. Physiol. 237:R187-
R196. ’



