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PREFACE

At the present time, the econamy of New "ealand is largely
dependent upon the health and well-being of ‘he ruminant amimal. The
neticnal loss duwe to primary water and electrolyte disturbances, and to those
secopdary to other diseases, is of considershle importemce. Teficiencies in
our knowledge of weter and electrolyte metabolism in the ruminant have beooms
aepparent, even of the principal cations sodium and potasaium.

The specialized form of nutrition in the ruminent hcos entailed some
changes in *he water and electrolyte econoxy. In adapting to a dict of plant
material rich in cellulose, tlsy have developed a large forestomsch, the
reticulo-rumen, where a2 symbiotic populetion of bdasteria and protosoa is
maintained and exploited. Nicrobial fermentation breaks down plemt cellulose,
and oconverts carbohydrate to volatile fatty aeids, principally acetic,
propionic and butyric ecids, which sre repidly ebsorbed by the host for use
as an energy source. NMiarodial protein and certain vitamins are also made
available further down the gastro-intestimal tract.

The development of the reticulo-rumen has resulted in an inorease
in the content and daily turnover of gut water end electrolytes. A major
source of this content of the reticulo-rumen liquor, which provides a well-
buffered medium for the microdbes, is the copiocus salivery flow. The rumen of
the sheep may contain 500-800 meequiv of Na', approximstely half thet in the
axtracslluler fluid, The daily digestive cycle of salivery secretion end
laster resbsorption mey involve doudble this amvunt of “at.

The maintenance of water and electrolyte balance in the face of this



digestive oyele, ooupled with the low Na'-high K* content of the diet,
suggests that the ruminant has efficient homeostatic mechanisms in operation.
Whsther or not these are identdesl with those seen in other species, or have
featuwres unique to the ruminamt, is not clear. While the enlerged digestive
cycle would appeer to impose an extra load on the regulatory mechanisms, the
presence of the retioculo~-rumen might oconfer advantages dizring times of stress,
when rumen fluid can de called upon as a reserve of water and electrolyte.
During dehydration, the FCF ¢an draw upon gut flulds (Yacfarlene, “orris and
floward, 1963; Hecker, Budts—Olsen an) Ostwald, 1964); end the rumen forms
& ¥a' store which can be drewn upan 2uring reduced detary intake (Demton,
1957; Kay and Hobson, 1963). The ebility to repeir a water deficit of up
to 107 boldy weight (more in cemels) withim umté- would be en advantage in
the netural enviroment.

Investigation in rumnants of the overall regulation of water and
electrolyte m-tadolism has not been extensive. Nost of our knouledge has been
derived from ctudies of men, rodemts and the doge In the ruminent, more
oommonly, the longer term sdjustmemts to dietary deficiensy or supplementation,
or to altered emvirommental conditions have been followed; 1less often,
ahort-tera water and electrolyte redistridutions and mechanisms of elimination
and oconservation in warying physiologiocal situmtians have bdeen studied.

Some properties of the ruminant digestive treot, particulerly
regions of met addition and sdsorption, and the characteristics of rumen
epithelial trunsport have been identified. Fowevar, in many cases the
particular experimental situstions employed make generalisetion uncertain.
Thus, net trenspart is commonly estimated using 2 simple splution in an
isclabed, emptied &nd washed rumen or rumen pouch, & procedure providing an



abnormal enviromment for the rumen mucosa, and which can elter its transport
properties (Massor end Fhillipsan, 1951; Armstrong, Blaxter and Greham,

1957; Ash and Dobson, 1963). “tudies in tlm intact organ under physiologieal
oconditions present practical difficulties decsuse of the continuous inflow

of salive and outflow to the omasum, and the lack of unifermity of composition
of tls contemts in Qifferent regions of the reticulo-rumen. Accurate
estimation of the rumen volume at any particular time is not an easy taak.
Direct measurement Yy total rempowel has a limided application, and merker
dilution is only accurate during periods of relative constengy. In additionm, |
to caloulate a change in total electrolyte content an average ruminsl
concentration is required, although a uniform electrolyte concentration in

the rumen 18 not usually e physiological ~eality.

The present thesis is comnernsd with short-term transiers, especially
water and electrolyte rmovements between the contents aof the reticulo-rumen and
body fluid compartments. The rumen water and electrolyte status was altered
rapidly in two ways: by once-dally feeding whereby there was nct gaim in the
rumen at the expense of hody flulds; and by imfusion of known emounts of
elestralyte. Net gain or zbsorption from ‘he rumen has been followed by
observing chenges in urinary exuretion and in blood camposition. The rumea
itself has not been sampled; it was considered thet the advanteges of drect
rumen observations would be outweighed by the experimental orrors amd by the
disturdance to the animal caused by the sampling. In the undistwrded sheep,
relative plasme volume estimstions can be inferred from the PCV and [/ b_/.

Urine and dlood chenges associated with a single Aaily feed (Chapter
2) have eonfirwed and extended the observetions of Stecy and Brook (1964), and
ere in agreement with later observetions from that group. An attempt was



iv.

made to gzain further information ebout the homeostatic mechanisms involved
by the use of the diuretic, acetesclamide, and by restriction of drinking
water. The relevamce of these to variations seen in ad libitum fed animals

wes emswined (Chapter 3).

Prior to the present expecriments only isolated water snd eleotrolyte
infusions had deen pcrformed in ruminants (Sellers nnd Roepke, 4951; Lysov,
1960; Andsrson and Pickering, 1962a) although more repaorts have appeared
while the werk was in progress (Potter, 1966, 1968; Keynes rnd Harrison,
1967; Dewinzrst, Harrison amd Keynes, 1968). A series of intraruminel
infusions of water, NaCi and XC{ has been carried out (Chapter 4), integrated
with the intreduodenal infusion of NeC{ (Chapter 5) and the intravenous
administretion of 30dium and potassium selts (Chapter €). Tt would appear
thet, with the exveption of sodium, net water and eleotralyte movements
across the rumen mucosa in physiological situations mey be small in megnitude.
Should this be 20, then sensary receptors in the forestomach may be involved
only in regulating ‘he funsctions of the digestive trest itself, and not in
the overall regulation of weter and electrolyte metadboli=zme. Thus, the
homeostatic mechaniams in the ruminant may more closely gpproach those in the
monogastric than would be likely if the rumen permitted freer exchenge with
the internal body fluids.





