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FREF ACE

The problem of how eanzals regulate their food intake is in itself,
of sufficient scientific faterest to justify its intensive study. To
theae conceraed with human biology, additional impetus is provided by the
prevalence in affluent socletiss of disorders of health associated with
the excessive intake of food. To those councerned with animal production,
there is the realisation that cptisua food intake is the sajor detersinant
of efficient production. In practice, the nutritive value of many of the
foodstuffs the ruainant is called on to coavert to useable products is

limited by the amount eaten.

It 1s generally recognised that the central nervous systsen,
perticularly the hypothalamss, is concerned with processing and integration
of sensory inforaation relating toc the control of food intake. Despite
auch effort, the actual mechanisms concerned have not yet been defined.
However, in the case of the simple stosached animals (non~-ruminants)
evidence in support of a nuxber of stimuli, both physical and chemical, has
been obtained. The relevance of these findings to food iantake regulation
in the rusinant is uncertain. The specilalised anatomy amd the physiological
adaptations of these animals would suggest that in their case, stisull
involved in food intake regulation are either different froa those
operative in animals with a simpler etomach, or are of different relative
isportance. The latter appeare the more likely. Thus, it is probable
that gastric disteasion provides stisuli evoking satiety in both ruminaats
and non-resinants. On the other hand, whereas the quality and quamtity eof
protein in the diet appears to be important in determiniag how much of that
diet is consumed by simple stomached apimale, there is little evidence te
indicate that the food intake of the ruminant may be limited by the gquality



or guantity of protein reaching the intestines. Recently, however,
it has been shown (Egan & Moir, 1965; Egan, 1965a,b,¢) that the
intraducdenal administration of protein solutions may result in an
increased consumpticn of a low gquality roughage by sheep. It was
suggested that the food intake of ruminants may depend in part, on the
nitrogen status of the animal,

The work described in this thesis had three objectives:

1. to define better the effects of intraducdenal infusions of protein
on the food intake of sheeps

2. to identify factors influencing these effeects; and

3. to establish the zmite of action and the sechanisms involved in the
effects.

In the initial stages of the work described, it was found that,
in contrast to published reperts, the intraducdenal infusion of protein
was accompanied by effects on food intake that ranged from a marked
increase to an equally marked decrease. ¥hile this variability proved
to be one of the major difficulties in pursuing these investigationa,
its study proved sost wvaluable in pointing to the large number of
factors influencing the response. It was largely froa a consideratien
of these factors that the importance of physical factors, particularly
thoge likely to ianfluemce csmoreceptors, sas reallsed. It is considered
that the suggestion arising from later experiments that changes in
electrolyte and water metabolism contribute to the regulation of food
intake by the ruminant is the sost important outcome of this thesis.

It was not possible to sstablish either the mechanisms whereby
the protein infusions influenced intake or the site at which they were
acting,. The simple experiments undertaken in which differemt amine



acid-containing materials were delivered to different sites in the bedy,

while failing in this regard, have indicated that there are a number of

mechanisms involved with a variety of receptors situated at various sites
4n the body. Furthermore, they indicate that a change of food intake i=
but ene of a number of affects of protein supplementation; they emphasise
the possibility that the observed changes of food fatake may be secondary
to one or more of the other effects rather than a direct one of the smino

acid-containing asaterial administered.

The explanation of the effects on food imtake of post-ruminal
protein supplementation will de complex. So too will be the explanation
of its effects on wool and body growth. The success in practical teras
of such a procedure is doubtful unless this complexity i realised and
effort is made to first establish a firz foundation of basic kncwledge.

A preliminary account of this work was presented to the 1567 meeting
of the Nutrition 3caiety of New Zealand.



CHAPTER 1

REVIER OF LITERATURE

INTRODUCTION

The regulation of food intake has of recent years Leen the
subject of intensive study iz monogastric animals. In this review,
therefore, a brief outline of the preseat state of knowledge for
monogastric animals will be given defore the more aspecialised dut
less advanced field of ruminant food intake regulation is cousidered.

The consideration given to the various topica say not de taken
as an indication of their relative iamportance: rather it is a
reflection of their applicability to this study, ¢the extent of

coverage in recent reviews and the direction taken by recent research.

While an endeavour has been made to include references to recent

major contributions, a coaplete bibliography has not been atteapted.
The terminclogy used here is that of Tepperman (1962, p.170):

"Hunger is the awareness of the need to ingeet food, end it may
be sccompanied by a complex ast of phenomena including hunger
pangs, aamticipatory salivation, incressed food_searohing behaviour
and others. In sum, hunger is a malaise, a disagreeable
combination of semsatioms which, as it progresses, agquires a
frantic character. Appetite is the desire to ingeat food.
Unlike hunger, which occurs whenm the bedy's store of mutrients
becomes depleted below a certain preset maintenance level,
appetite may persiast even when hunger has been appeased.

Appetite is strongly influenced by emotion, by the presenece or
absence of conditioning or distraoting stimuli, and by discrimin-
atory choises of varicus kinds, Satiety is the lack of desire
to eat whieh occurs after the ingestioa of food. éggigeéihh
desoribes a situation in whieh the physiological s

wonld ordéaarily produce a semsation of hunger is preseant, but
all the svailadle signals call 4z vain for the resumption of
eating behaviour.®



Ae REG ICN OF FOCD AKE NON~RUMINANTS .

1.

The regulation of food intake ie thought to invelve the nerwvous
eystes in an integrative manner similar to that established for other
somatic activities such as reapiration, posture and locosmction. Recent
reviews on the subject have been provided by Brobeck (1960a), Anand
(1961), Tepperman (1962, p.168), Kennedy (196h, 1966) and Stevemson (1964).

Three levels of control have been postulated (Brobeck, 1960=&,
Anand, 1961).

(1) The basic patterns are reflex in nature, food being the
stisulus evoking the feeding responses. Brobeck (1555) has suggested
a tentative classification of the reflexes but "it is not clear how much
feading bebaviour can be designated ss reflex and how much amay he either
conditioned responses or learned behaviour or scae other type of more
highly organised behaviour" (Brobeck, 1960a).

(11) At a higher level than the reflex feeding responses is the
hypothalamus which, on the basis of stimulation and ablation experimseats,
is postulated to contain a facilitatory "feeding" centre in the lateral
areas and an inhiditory "satiety" centrs located in the ventromedial
nuclei. It has been suggested that the "feeding"” centre serves &s an
integrative centre for the raflsxes associated with feeding behaviour.
Tepperman {1562, p,172) believes that satiety informsation reaches the
"satiety" centre snd this structure acts to inhibit the "feeding™ centre.

The concept of two discrete centres is a gross simplification.

In this regard, Stevemson (196d) has stated, "the neurophysiological
systema for the regulation of food and water intake are very complex
being evident as well in other parts of the hypothalamus &nd indeed in
other parts of the nervous system.” The concept of a lateral feeding



¢entre has been queationed on the grounds that the effscta on food

intake from experimental iaterference in this area may be a result of
danage to, or stismulation of, tracts passing throwgh this area on the

way to or from higher ceatres (Anderson, Gale & Sundates, 1963).

There is uncertalaty as to whether the primary effect of lesions in

the lateral areas is adipsia or aphagia (Kennedy, 1966), and whether

it is due to a motivational failure or a developaent of a motor deficit,
The latter possibility is suggested by the obasrvations of Baillie &
Morrisoa (1963) who found that in rate conditioned to obtain all their
food by pressing a lever, lesions in the lateral hypothalasus led to

the ratz continuing to preesa the lever for food which they did not eat.
If pressure on the lever cauaed food to be deliversed intragastrically,
rats with certain lateral hypothalamic lesions continued to press and

80 to feed themselves: the samse anisals would not ingest either food

or water bty mouth. It was concluded that the lasions caused a motor
rather thas a motivational defect. Rodgers, Epstein & Teitelbaum (1965)
rojected this conclueion; they performed similar experiments but offered
highly palatable food by mouth, and found that their rats began to eat
froa one to fifteen days after operation, always before bar preessing |
returned. Perhaps these twc groups of vworkers studied different effects
for thers may be distinct "hunger” and "feeding"” sotivating eyatems ia
the lateral hypothalamus (Morgane, 1561).

Cousiderations of this nature led inderesan ot al. (1963) to
suggest that the role of the hypothalamus in food intake regulation may
be to medify the huanger "drive® by determining the degree of satiety.
Anand (1961) deesribes hunger as a "dasic urge'.

{iii) The impertance of cerebral structures has been studied in



several species (wee Anand, 1961; Stevenson, 1964): their influence
is regarded mainly of a discriminative nature (Anmnd, 1961).

dhile the "integrative action" of the central nervous aystem in
the regulation of food intake is generally recognised, thare ies little
agreesent as to the nature of the changes taking place within the body
which act as signals for the integrating system. Several theories
which have been proposed are briefly considered below, There are two
components iavolved in the regulation of food intake, & short term one
which tends to equate daily food intake end emergy expenditure and a
long term rbgalation vhich acts to maintain a constant body weight
through adjustments to stored snergy, work and heat production as well
as foocd intake. Althowgh there is no sharp division, this review will
deal) mainly wit) short term regulation.

In addition to those cited above, recent reviews are those of
Grossaan (1960), Andersson % larsson (1961), Balch & Campling (1962) and
Mayer (1963).

(a) Bole of gastrointestinsl tract.

(1) Hunger contrsctions.

Mush of the esrly work has been discussed by Alwvares (1948,
p+679) and Quigley (1955): seme of these findings, based chiefly on
recordings of activity made with the dallsan, water sanpmseter technique
sust be considered with cantion in view of the observation that witd
such a technique of recording, the procedure may lsed to the stimulation
of the gastric comtractions recorded (Pemick, Smith, #Wieneke & Hinkle,
1963). It is now gemerally agreed that although the contractions seem
to be associated with the sensation of hunger in man, their role in



regulating food imtake is of sinor importance (Grosssam, 19553 Nayer,
1955; Anand, 1961). Davemport (1966, p.47) conclmdes there is no
type of gastric contraction usiquely associated with humnger,

(i) QOropharyngeal metering.

The passage of food through the oropharyngeal regions,
according as it does stimulus to receptors associated with taste, chewing
and swallowing may result in satiety. The effect is transient but ise
reinforced when assoclated with gastric distension (Janowitz & Grossman,
19493 Share, Martyniuk & Grosasam, 19523 Crossman, 1955, 1960). As
measured by the rate of performing a conditiovned response (Kohn, 1951),
consusption of food (3erkg§a, Kessen & Miller, 1952) or by the reward
value in learning new respomses (Miller & Xessen, 1952), the oral ingestion
of food by rats has been found more effective in reducing hunger than
feeding through a gastric fistula. These results suggest that stimulation
of the oropharyngeal regions is an important element of the factors noramally
contributing to satiety.

(411) Gastric distension.

Experiments undertaken on dogs by Janowitxz & Grossaas (1949)
and Share et al. (1952) have oftea desn quoted as evidence for the
involvement of gastric distension in aignallimg for the cessatien of
eating (Grosewman, 19603 Anand, 1961; Balch & Caspling, 1962). BEowever,
the geaeral spplicability of these observations is uncertain: an
anima)l which becomes satiated after 2.5 min of fesding (Janowits &
Grossnan, 1949) may respend to satiety signals different from those
operative in animals which eat in a more leisurely manner and take a
longer period of the day to ingest their food.

Accerding to Janowits (1953), metering by gastric distensien is
probably mediated by wagal affereant fibres arising from gaatric stretch



receptors (Paintal, 1954). Evidence that gastric distension increases
the sctivity of the "satiety” cemtre but not the "feeding™ centre has
been discussed by Anand (1961).

The "setting™ of the gastric distension sechanism is subject to
alteration as shown by the ability of rets to compensate within limits
for diluticn of their food with mon-nutritious bulk or water (Adolph,
1947; Stominger, Brobeck & Cort, 1953).

Since animals with “denervated" gastrointestinal tracts show almost
normal regalation of food intake (see Andersson & larsson, 1961; Anand,
1961) it has besn concluded that the gastric diatension mechanisms are
diapensibles (Grosaman, 1955).

(iv) Gastric esptying.

Some reviewers have given scant consideration to the con-
tribution made to food intake regulation by that portion of the gastro~
intestinal tract caudal to the pylorus; for example "Food after it
leaves the stomach does not produce further inhibdbition.™ (inand, 1961).
Baleh & Campling (1962) make only one referemce to it.

The rate of stomach emptying may be conaidered of importance in the
regulation of food intake for pot only is gastric distension relieved by
the passage of food into the intestines dut reguiated emptying prevents
the excessive accumulation of nutriemts in the intestines, the flooding
of the extracellular spaces with glucose and other netabolites, and the
excessive transfer of extracellular fluid constituents iato the
intestines (Huat, 1959; Rogers & Harper, 1564). It has been postulated
that the control of gastric emptying is dependent on varying degrees of
inhibition of gastric mwotility by the stimulation of cephalic, pre- and
post-cardial receptors (Theomas, 19573 Humt, 195%9). Particularly
important in this regard are the post~cardial receptors which are said to
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be stimulated by the presence of chywe in the ducdenum. Rapid esmptying
of the stomach occurs whea the chyme is diverted through an open fistula
located in the first portion of the ducdenus (see Alvares, 1948, p.399).
Alvares (loc.cit., Chapter 17) has discussed in detail the older
literature concerned with the properties of chysme involved in delaying
gaatric emptying. It =as concluded that particle sisze, viscosity,
osmotic pressure, acidity, volume and cheaical compositiocn could all
contribute to the control of gastric emptying. Hore recent reviews on
factors controlling gastric emptying are those of Thomas (1957), Humt
(1959, 1963) and Davenport (1966, Chapter 3).

Caetric motility of comscious doge has been shown to be inhibited
by the presence of protein,peptones, casein hydrolysate or amino acids
in the proximal duodenum (Thomas & Crider, 1939). Thomas (1942) found
that of the amino acids, only =moncaumino, monocarboxy acide regularly
caused inhidition when infused into the duodenum in neutrad solutione.
Dicarboxy and diamino acids were ineffective in neutral solution but
were inhibitory when administered as free acids. Thomas was unable to
detersine whether amino acids owed their activity to their ienic
properties or to their amino mcid structure. #ith rats fed a single
aesal of a low fat diet, the addition of casein to the diet delayed the
rate of , and at times caused She complete cessation of stomach eaptying
(Peraino, Rogers, Yeoshida, Chen & Harper, 1559). The effect is
modified by the type of protein (Rogers, Chen, Perainoc & Harper, 1960)
and the nature of the cardohydrate portion of the diet (Roaenthal &
Nasset, 1958). Slower esptying of casein from the stomach resulted
wvhen sucrose instead of dextrin sas included in the diet (Peraino et al.,
1959). Rosenthal & Nasset (1958) found stomack emptying equally rapid
whether a high or low protein diet was fed. This result has been



explained on the basis of the physical atate of the diet, the samall
‘quantity fed and the long fast to which the rats wers subjected prior
to their being offered food (Rogers & Harper, 196%). HMayer (1955) has
suggested that delayed gastric emptying may partially explain the low
intake of diets containing a high proportion of pretein.

Davenport (1966, p.56) has stated that three pathways of
inhibition are involved: (a) Blood borne ishibitory hormones liberated
from the intestinal mucosa, (b) Reflexes not involving higher centres
but operating through irntrinsic plexuses or the coelisc plexus and
(¢) Reflex mechanisms whose afferent and efferent pathways are in the
Vagus. The pathway utilized by any one factor iz still uncertain except
possibly for that of acid in the duodenus. This has bean ssaigned to an
enterogastric reflex whose efferent limb comsists of post ganglionie
sympathetic fibres (Schapirc & Woodward, 1959). 3Since the inhibitory
effects of peptones appeared after a delay of about 15 seconds and were
abolished by vagotosy (Thomas & Crider, 1939) it has besen concluded that
8 reflex mechanism is involved (Thomas, 1957). However, other mechanisms
may be imvolved for the intraducdenal instillation of peptones im doge
inhibits the motility of fundic pouches deprived of sympathetic and
vagsl innervation (Johnsom & Magee, 1965) and of transplsnted (i.e. de-
nervated) gastric pouches (Brown, Johnson & Magee, 1967).

The husmoral inhibition of gastric motllity, induced by fat in the
ducdenum has been wsll established. It is postulated that entero-
gastrone, the chalone invelved, is liberated from the ducdenal mucosa
{Grossman, 19503 Thomas, 19573 Gregory, 1962). Attempts to isolate
the pure compound have failed. The demonstration by Johmnson and co-
workerse that a preparation of cholecystokinin and pancreoszymin (hormones
obtained f¥oa ducdenal mucosa) imhibited gastric motility iam dogs (Johnson

1



& Magee, 1965) and man (Johnson, Brown & Magee, 1966) has led these
workers to suggest that this preparation may poassess the physiological
activity of entercgastrone. Holeay (1967, p.%%) has discussed in
detail the "attractive proposal” that enterogastrone, pancreozymian and
cholecyatokinin are one and the same horazone.

The role of onterogastrcne in food intake regulation has not dbeen
eantablished, HMaclagan (1937) reduced the food intake of rabbita by
subcutaneous or intravesous injections of an ernterogastrone preparation.
This may have been a non~spscific effect as the preparation was crude
snd the effacts were transient. Pre-feeding emall amocunts of carbo-
hydrates, fat or protein to dogs was without significant effect on sub-
sequent food intake (Janowitz & Qrossmen, 1951). The inhibitory effects
of larger doses of these materials were attridbuted to dulk and not
chemical coamposition. Rather than providing evidence that enterc-
gastrone does not contribute to satisty as is often assumed (Groseman,
19603 Anand, 1961), the experiments can only be described as unsetis-
fagtory. Not only were the results confounded by the effescts of gastric
distension and caloric substitution, but as suggeated elsewhere in this
review, the feeding habits of dogs suggests their wnsuitadbility for this
kind of study.

Recently, 3Schally, Redding, Lucien & Heyer (1967) have reported
that iz mice fasted for 17 hr, the intravenocus or subecutaneous
adainistration of an snterogastrons preparation purified fros hog
ducdenun reduced food intake. This affect was greatest during the
firet 30 min from when food was available but continmwed for at least & hr.
Injection of hog duodenus preparation shioh did not contain enterogastrone
was ineffective. It was cencluded that eaterogastrone say have a role in
food intake regulation.

12



It has been postulated that an ossorecsptor mechaniem, located
in or beyond the ducdenum contributes to the comtrel of gastric
esptying {(Hunt & Paihnk, 19603 Runt, 1963). In general, there is a
direct rsiationship betweez the ocasolality of liquid test aeals and
the extent they retard gastric emptying. Seme sclutions however,

{e.g., HaCl, urea) empty fastest if their ossotic pressure is 200-250
milliocsmolar. Henguy (1960) has suggested that one of the factors
involved in the imhidition of gestric function when fat has dbeen
introduced into the ducdenum may be an increase im osmolality of the
duodenal contents. The inhibitory effects of hypertonic saline, sugars,
peptones and fat on the gestrioc response to histamine msy involve two
separate nechanisms, one gensitive to changes in pi and the other, to
changes in ocamolality (Sirecus, 1958). As inhibition of gastric
secretion was found with autotransplanted pouches, Sircus concluded that
the osmoraceptor may cause the relesse of a humoral agent. Suech a
concept remcves sany of the diffieulties ssasociated with an understanding
and interpretation of how fat, amino acids and other products of hydro-
lytic digestion lead to am inkibitory effect. It makes it clear how
there may be a cosaon response svoked by a variety of substances without
there being "speeific” receptors.

The importance of the cemaoreceptor mechanisa in food intake
regulation is discussed further im a later seetion.

Hi11, m. Jomes & Archdeacon (1952) have reported that distemsion
of the small intestine of the dog bWy mon-~-autritive fibre introduced
throngh & fistula at the dpysdenc~jejensl junction rtiiacd food intake.
This axy be an experimental demonstration that coanditions im ome part of
the lower digestive traet can influence the astivity of another part dy
reflex mechanisss (Davenport, 1966, p.67).

13
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Although motility and secretion are important aspects of gut
function, there is 1ittle definite evidence relating their ishibdition
with reduced food imtake. A horuwoae such as glucagoa which imhidits
gut motility in man (Dotewall & Kock, 1963) and reduces the sensation
of hunger (Anderssos & larsson, 1961; Tepperman, 1962, p. 173), has
other effects which may explain these relationships. Similarly, the
reduction in food intake reported by Schaidt, Moak & Van Meter (1358)
when rats were given a subcutaneocus in jscticn of atropine may not have
been due entirely to an effect on gut motility; a non-specific effect
on the central nervous syastem say have bdeen involved. It ia pertinent
to recall here that there is evidence that the hypothalazmic feeding and
satiety centres may exert a direct céntrol on gastric motility and
secretion {Ridley & Brooks, 196S5).

(b) HMetabel d chemostatic eses.

As satiety usually precedes absorption of nutrients, it may be
reascned that mechanisms exist for sensing the guantity of nutrients
ingested bYefore they are metadbolised. In an attempt to place theneo
considerations in context with other factors, Grosssman (1960) has
suggested that the oropharyngesl and gastric metering mechanisms are
"sat®” at sensitivities determined or influenced by other factors.

The concentration of metabolites in the blood or metabolie changes
consequent upon feedinmg have been proposed as the prisary stisull affeoting
the satiety ceatre, i.e., in contrast to the oropharyngeal or gastriec
metoering mechanisms being the primary determinauts of food intake. Some
of the mechanisas whiech have heen proposed are briefly discussed belowi~

(1) Glucostatic.

Mayer (1953, 19%5) has suggested a short ters mechanism for

regulatiag food intake may operate through glunose sensitive receptors,
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possibly leocated in the satiety centre. The rate of utilization is
postulated to affect the receptor, satiety being experiencad when
utilisgation is high.

¥aing arteriovencus differences in blood glucoae concentration
as a mesasure of glucose utilization, it has been possidble to relate the
sensation of hunger with diminished glucose utilisgation (Van Itallie,
Beaudoin & Hayer, 1953; Stunkard, Wolff & Plescia, 1956)., In other
cases, neither increased utilimation (Fryer, Moore, Williass & Young,
1985, Quaade, 1962} GQuaade & Juhl, 1962) nor hyperglycemia (Janowits &
Ivy, 19493 Saith & Duffy, 1957; Schally et al. 1967) decreased hunger
sensations or food intake. The absence ¢f effect Lhas been explained
(Anand, 1961; Meyer, 1963, 1964) on the basis that neither the absolute
levels nor arteriovenous differences in blood glucose concentration
necessarily indicate glucose utilisation at the site of the glucoreceptors.

The effect of the pancreatic hormone, glucagon, on gastric
contractions and hunger feelings has been interpreted as support for the
glucostatic theory (Anand, 1961; Mayer, 1963). Because of its «ffect
on liver glycogen, glucagon increasses blood glucose concentration and
presusably, utilization (Stunkard, Van Itallie & Reiss, 1955). However,
the reduction in gastric motility and hunger feelings may be explicadle
in terms of the effect of glucagon on fat and amino acid metaboliam
(Haugaard & Haugaard, 1954; Ganeng, 1965) and heat production (Brobeck,
1960%), rather than on glucose utilisation.

Gold thioglucose has besn used to induce iesions, and hence chesity,
in the veantromedial satisty centres of mice (sse Nayer, 1963). The
agounmnlation of the toxie gold meiety in this region is seid to indicate
the affinity of the neurcmes therein for the glucose component of the

solecule. As the lesicons are not necessarily confined to the satiety



centre (Liebelt & Perry, 1957), the effect on food intake may be
associated with the destruction of neurones in other areas of the brain
(Brobeck, 1560b).

The hyperphagia of disbetea mellitus ham necessitated the postulate
that the glucose receptors, unlike the reat of the brain, require insulin
(Mayer, 1563}« This concept has been criticised in detail by Grossman
(1955) who believes that hypoglycomia is an emergency mechanisa in the
regulation of hunger, not oy.ratifc in the physiological range of bloeod
gluccae variations.

Kennedy (1564) has cited evidence %o show that the glucostatic
theory does not explain why in rate and mice with hypothalamic lesions,
food intake is increased in the iwmediate post-operative period but
eventually returms to normal ("static obesity™).

More recently Anand, Chhina, Sharma, Dua & Singh (1964) have
presented evidence that the activity of the neurones in the satiety centre
increases at the time of increased glucose utilisation in the body
(induced by the intravenous infusion of glucose, insulin or both).
Acetivity of the neurones in the feeding centre showed an inverse relation-
ship.

Thuas, although Mayer (1963) concluded that "The glucostatie
component in the regulation of food intake appears to be the main
mechanism sheredy the metabolie state of the organism exercises a
regulatory role in the overall regulation", there are sasy who would
diapute such 2 e¢laim,

(i1) Thermostatic.

Brobeck (1948, 1960a,b) has suggested that heat, particularly that
released during the assimilation of food, may bde an important factor.
Hunger ia said to be reduced by a rise in temperature in the satiety

centre or by stimulation of heat sensitive neurones in the anterior

16
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hypothalasus. The observations thet animale tend to eat msre at low
than at high snvircnmental temperaturse (see Brobeck, 1960b) and that
wsraing the heat sengitive neurones reduces food intake wshereas coocling
teads to have the reverse effect (Andersson et al. 1963), may be
interpreted in favour of this theory. Andersson et al.(1963) have
cautioned that these stimuli may be non-specific, or alternatively, a
reflection of changes in the hormonal status of the animals, Anand
(1961} has pointed out that "According to this hypothesis, diets rich in
calories but low in 5.D.A. (Specific Dynamic Action) should cause obesity,
but excessive consumption of esuch diets by young rats is only transaient.
Aiso. this theory fails to explain how the hypothalamic regceptors could
distinguish between the heat released from the 8.D.A. of a mseal and the
far greater amount of heat released during muscular exercise. Inastead
of bdeing a signal to eat amecre, the smetadolism of exercise should satisfy
hunger”.

Even so0, the theracstatic hypothesis has been accepted to be of
some importance im food intake regulation (Anand, 1961; Andersson
et al. 1963; Hamilton & Broveck, 1964; Stevenson, 196h).

(441) Lipostatic.

Kennedy (1950, 1953) suggested that the prisary regulation carried
out by the satisty centre is stabilisation of the fat stores, signalled
by the coneeatration of some complex of cireculating metadbelites.
Stevenson (196h) has suggested the importamce of inpervation of fat tissue
("liponsurostatic” atimuli).

The lipostatic theory has been invoked to explain wshy the food
intake of rats ard mice with hypothalamic lesions in the satiety centre
returas to mormal after an initial period of hyperphagia, Odesity is
said to develop wntil the sise of the fat stores 1s suffiocient to eligit
stimull of suffiocient strength to either trigger the damaged satiety
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centre or, by some other mechanism, prevent hyperphagia (Keanedy, 1961,
1963)., Hervey (1959) studied the effects of hgfﬁtﬂiii&ic lesions in
rats which were members of pairs joined in parabiosis -~ in this case
the union was betwsen peritoneal cavities and between scapulas and ths
exchange of plassa between members of pairs vas demonstrated. The
animals in which the lesions were made showed hyperphagia and obesity
while their normal dbut parabiotic partners became thin. It was
suggested that they became thin because they ate little; they ate little
because of stimulatioa of thoir hypothalaaic sstiety ceantres by signals
crossing the parabioctic union. As the effeois were most marked whea

the lcsiénod anisals became very obese, it was suggested that the results
pointed to & form of lipostatic coatrol.

Van Itallie & Hashim (1960) observed a reciprocal relationship
betwesn plasma nonesterified fatty acid (KEFA)} and glucose utilization
and suggested that they (NEFA) may serve ss an indicator of"satiety-
hunger state™. As Hales & Kennedy (1964%) found that plasma NEFA levels
increased both im hunger and in cbesity, Kennedy (1966) regarded them as
"“no more useful than glucose utiligation as the likely satisty signal to
the hypothalamus™.

It has recently been suggeated that the satiety signal say de
hormonal (Xennedy, 1966). The work of Hales & Kennedy (1964) was cited
as evidence that plasse insulin levels may signal satiety. These vorkers
found plasaa ipsulin levels were high after feeding. Hunter, Friend &
Strong (1966) and Hunter & Rigal (1966) found that growtk hormona levels
in the plasma of childrern and adulte were so lov after a meal as to bde
undetectable but rose 3-4 hr later when, it was suggested, the hormome
helped to make fat available as a source of energy. Thus, although
Xennady (1966) has stated that "It say be that the hypothalamus received
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a post-prandial signal of satiety associated with lipogenesis (or insulin)
followed later by a hunger signal of lipolysis (or growth hormone)™, there
is as yet, little direct evidemce to suppert such a claim.

(1v) The effect of protein on food intake.

Dists comtaining 27.5% of the total c¢alaries as protein were found
to have a higher subjective satiety value than those in which the protcii
contribution was 7.8% (Fryer et al. 1555), an effect possibly attributabdle
to the S.D.A. of the protein (Brobeck, 1960b).  Ashida & Harper (1961)
found that within one day after the protein content of the diet was raised
from 25% to A5 or 70%, food intake of rats fed the high protein diets was
depressed and their growth rate retarded.

The food intake of normal rats and those rendered hyperphagic by
bilateral electrolytic lesions in ths veantromsedial nucleus was successively
reduced as the casein content of a seai-synthetic diet was increased fros
50 to 90% (Krauss & Hayer, 1963, 1965). 1In the 10-40% range, the protein
level did not influence food intake. When the diet coatained 60-90%
protein, food intake was depressed so that the amount of protein ingested
by each rat resained relatively constant at 10-11g/day. It was suggested
that because of 'a limitation imposed dy the anisal‘'s ability to metabolise
large quantities of dietary nitrogea sithin a short period of time™, food
intake was limited so that the amount of protein ingested did not exceed a
gertain threshold. As diets of high protein content reduced food intake
of morsal and lesioned rats, it was further concluded that the sffescts were
independent ¢of the satiety centres. These worhers apparently did not
coneider the possibility that the rate of gaatric emptying, aad thus food
intake, may have been reduced by the high protein diets (Mayer, 1955;
Peraino et al. 1959).

Depreseion of food intake and retarded growth are characteristic
signs in rete fed a diet in which there is an imbalance of amino scids



(Xusta & Harper 1960, 1961). 1In the protein depleted animal, a
depression in food intake may be evident within 6 hr after the addition
to the diet of the aminc acid mixture causing the imbalance (Kusta &
Harper, 1962). Sanahuja, Rioc & lede (1965) used the comcept of "appetite
quotient” developed by Carpenter (1953) to determins whether decreased
intake of an imbalanced diet was a prisary effect or shether it was only
a consequence of low nutritive value of the dist. Appetite quotients
were lower for imbalanced than for the basal or supplemented dists. It
was suggested that the effect was a primary oze and that food intake was
depressed by an iambdbalanced diet because of "some specific physiological
effects that affect directly the food intake" and not as a consequence of
the low nutritive value of those diets.

Of the possidble explanations of the reduced foed inteke (Harper,
196k), the one considered most likely by Harper is that an amino acid
imbalance affects some basic mechanism regulating food intake. Mellinkoff
(1957) suggested that an abmorsal plassas amino acid pattera say cause a
fluctuation in the desire for food. The plassa asino acid pattern of rats
fed an imsbalanced diet exhidits a disproportionate fall in the concen~
tration of the amino acid most limiting for growth (Kumta & Harper, 1962)
and these changes precede or cccur concurreantly with changes in food intake
(Samahuja & Harper, 1963). It is not known how the appetite depressing
mechaniss is triggered. On diets containing 3-7% leucine, there is an
alteration in the pattern of plassa aminmo acids and a depression of food
intake in normal rats (Rogers, Spolter & Harper, 1962). As similar
results were obtained by Xrauss & Mayer (1965) with rats in the “dynasic
phase™ of hypothalamio hypsrpiagia, it was conocluded that the depressive
offects on food imtake of imbalanced diets are independent of the satiety
centre.

Nasset, Ganapathy & Goldsmith (1963) expressed doubta that blood
amine acid patterns are critical in determining food intake. It is



claised that the amino acid pattern of plasma and gnt conteats do not
reflect that of the diet dbecause of digestion of endogenous protein
(Twondbly & Neyer, 1967; Nasset & Ju, 1961), metabolic activity of the
intestinal wall and differences in rate of absorption of the individual

amino acids (see Gitler, 1964)., HNasset et a)l. (1963) concluded that

there may be rsceptors in the intestinal wall sensitive to gut contents
which sigual the hypothalasus early in the digestion of ingested foods.
Direct support for some such cheaoreceptor has been clajmed (Sharwa &
Nasaet, 1962). However as Rasset and co-workers have shown that the
amino acid compoeition of the gut contents does not reseable tbat of

the diet, it is obsoure how asuch a receptor detects the deficiencies of
the diet. In addition, these concepta are not readily reconciled with
successful developasnt of a method for the evaluation of protein gquality
based on the pattern of plassa amino acids after feeding the protein under
test (Longenecker, 1963).

Uaing rata fed diets ranging froa 6 ~ 34% protein, Meyer (1958)
found that compared with high protein diets, those of low protein content
resulted in lower food intake and gains of fat free tissue and a higher
proportion of gain as fat. It vas suggested that the intake of the low
protein diets was liaited by the adbility to dispose of exceas energy as
fat aad by heat production. iken the "energy portion™ of the diet,
sucrose, was replsced by ecellulose, food intake increased. This wms
explained on the basis that lese energy had to be disposed of and there-
fore food intake could increase. The sudsequent desonstration (Meyer &
Bargus, 1959) that exercise or ¢old enviromment increased the intake of a
high sucrose, low protein diet was interpreted in favour of this beslief.
It was considered that these conditions facilitated the rats' ability to
dispese of excess energy thereby allowing food intake to inerease.
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These cenclusions have been criticised in detail (Anon., 1959).

In addition, they must be regarded as speculative in view of the evidence
discussed below that osmotic factors may limit the intake of low protein
diets to which suerose has been added. The increased food intake when
sucrose was partly replaced with casein or cellulose may he explained on
thia basis rather than by increased protein and reduced energy intake
reapectively as suggested by Meyer. The increased food intake induced
by ccld envircament or exercise may be explained by an increased energy
loss as suggested by Keyer & Bargus (1959) but concurrest changes ia
water metabolism and temperaturs regulation may have dbeen involved.

Diets low in both protein and calories or low in protein with
adequats or even excessive caleries say result in protein deficiency.
The food intake of rats, dogs (Platt, Heard & Stewart, 1964) and children
(Viteri, Bdhar, Arrvoyave & Schrimshaw, 1964) is reduced when they are fed
these diets. Anorexia is, in fact, one of the early signs of protein
deficiency. The causes of the reduced food intake of low protein diets
is uzlikely to be simple for the body's response to changes in protein

intake are complex and related to many factors (see Munro, 196h),

e

The regulation of water intake has been recently reviewed by
Brobeck (19602), indersaon & larsson (1561), Gregerson & Cizek (1961),
Stevenson (196h) and Fitzsimoms (1966)., Chew (1965) has reviewed many
aspects of mammalian water metaboliss and includes a bibliography in
sxcess of 600 references.

As with focd imtake, the control of water imtake is vested in the
central nervous systes. Fitmsimons (1966) concludes that the hypothalamus
is important and appears to de organised into m lateral drinking ceatre
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end a medial gatiety centre. However, the latter has not been demon-
strated in so far that excees drinking has not been observed as a
consequence of hypothalamic or other ceamtral lesions (Brobeck, 1960a;
Madersson & larsson 1961).

A difficulty in imterpreting the results of experiments vhere
various regions of the brain are lesioned or stimulated is that feeding
and drinking are usually affected concurrently. There is often
uncertajaty as to the primary effect. However, it has been concluded
(Apand, 1961; Fitzsimons, 1966) that the hypothalamic mechanisms
contrelling food and water intake act separately and independently.

Various stimuli have been shown to be ¢of importance in the
initiation and satistion of thirat. Oropharyngeal setering (Towbin,
1949; Gregerson & Cizek, 19561), gastric distension (Towdia, 1949, 1955),
salivary secretior {Gregerson & Cisek, 1561), temperature change
(Andersson et al., 1963), increase in effective osmotic preesure of
extracellular fluid and decrease in extracellular fluid voluse (Fitssimons
1961a,b; Stricker, 1966) have been implicated.

A close, direct relationship between food and water intake has been
shown in short ters obaervatiocas on the "normal” rat (Adolph, 1947
Strominger, 1947), the hyperphagic rat (Streminger, 1947) and in long
term observations on the dog (Cizek, 1959), rabbit (Cisek, 1961) chicken
(Xellerup, Parker & Arscott, 1965) and the rat (Cisek & Nocenti, 1965).
The diurnal patterns of food and water intake are alsc clesely related
iz the rat (3trominger, 19587; Siegel & Stuckey, 1947; Young & Richey,
1952) and the deg (Robinson & Adolph, 1943), The thirst accompanying
the ingestion of food presasably arises fros a decrease in voluas and
an increase in tonicity of extracejllular fluid owiag to the entry of
secretions and water into the digestive tract (Andersson & Larescn, 1961).



This aspect of digestion appears to have been little studied. Lepkovaky,
lysan, Flemsing, Nagumo & Dimiek (1957), found that rats fed for 2 hr in
the absence of water, regulated their food imtake so that a conmstant
water:food ratio could dbe maintained in the gaatric conteats Ly the
sobilisation of water from tissues. The ekin appeared to supply the
sajority of the water. The tissues of rats fe¢d with wmater availadle
showed a less pronounced fall in water content. Lepkovsky et al.
suggested that teaporary withdrasal of water froz sslected tissues and
consegquent dehydration may be one of the factors cauwsing the g&eaation
of eating.

Using intragastric injection of glucose, Kall and sodium saccharinme
soclutions of osmotic conceatrations from 0.98-3.10 os#o1/4., Scheartsbaum
& ¥ard (1958) found that the foed intake of rats over a G0 mim period
izsediately following the preloading wes related to the tonicity of the
preload, irrespective of the substance used, Hypertonic solutions
reduced food intake by as much as S50¥. Hypo- and isotonic solutioans
tended to increase intake sbove comtrol levels during the firat 45 sin
when water mag not available, but the difference was not apparent after
a further 45 min during which water was availadle. The inhidbitory
effectes of intragastric hypertonic solutions on rate of bar pressing as
an index of hunger (Saith & Duffy, 1955) and on focd intake {(smith & Duffy,
1957) have led these workers to postulate that bloocd tonicity 1s one of
the isportant factors in focd iatake regulation. Subseguent work (fwmith,
Pool & Weiaberg, 1559) has shown that intragastric prelcadiag with wmater
caused a small bhut consistent imcrease in foed intake during the autsequent
2 hr feeding period. Evidence to show that blood toanicity changee were
invelved was that intraperitoneal injections of hypertonic seolutions or the
withdrawal of a hypertoaic intragastric injection 5 min after its ijutro-
duction caused a reduction of food intake, When food was available for
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24 hr, an intragastric preload of 10 ml. of a one molar solution of
either glucose or sucrose resulted in a depression of food intake for
the first 3 hr followed by a partial or complets recovary. Intravencus
injections of water and hypertomic sugar sclutions (Smith, 1966) caused
small increases and decreasss respectively of food intake. These
experiments provide some support for the suggestion (Brobsck, 1555) that
osmoreceptors are involved in the regulation of fecd intake. The
physiological normality of rapid intragastric injections of hypertonic
solutions must be questioned and is perhaps similar to the "dumping
syndrome", unpleasast symptows of shich are induced in gastrectomised
patients by the passage of hyperoemolar solutiens into the duodenum
(Weidner, Scott, Bond & Shull, 1959). Even in normal man, the ingestion
of a sufficient volume of a solution of high cemotic activity such as
casein hydrolysate has rapidly appearing and dedbilitating effects (Free
& Leonards, 1544).

A number of other reports offer indirect support for the suggeation
that oasotic factors may be involved in the regulation of food intake.
When rats were fed for 2 hr each day on a diet containing 10% casein and
80% of dextrin, sucrose, maltosze or glucose, Harper & Spivey (1958) found
that food intake and rate of bdody weight gain were inversely related te
the capacity of the cardbohydrates to axert osmotic preassure. 7he volume
and moisture content of the atomach contents were directly related to
osmotie capacity of the distary carbohydrate. MagPonald (1963) also
cbaerved an iaverase relationship between cemotic capacity of dietary carbo-
hydrate and food intake of rabbits.

The reduction of food intake indusced by preloading with hyyertonis
solations or the inclusioa of large amounts of osmoticelly astive carbo-
hydrates such as sucross in the diet aay iavelve:~



(a) delayed gastric eompiying by an oszorsceptor mechanies as
proposed by Hunt (1963)

(b) stomach distension by the entry and retention of water

{c) redistribution of water within the body tisszues causing
cessation of eating by an unxpown nmechaniaa but possibly
involving camoraceptors outside the digestive tract

(d) metabolic changes as suggeated by changes in body compoasition

{see Romberg & Bsunton, 1965).

No progress appears to have been aade in determining the relative
izportance of these and other factors.

If osmotic factors are impertant in deteraining food intake it is
pertinent to enquire as to the effects of adding water to a diet. Adolph
(1947) has shown that within certain limitas, the dilution of a milk diet
with water has no effect cn the intake of nilk by rats. In contrast,
Archdeacon & Allen (1948) found that when dogs wera fed for 30 min each
day on a "Purina chow" diet with water freely available, the addition of
an equal welight of water to the chow increassd its consumption during the
15 day experimental period. Stromiasger et al. (1953) observed that when
a ¢alf meal diet fed ad 1ib. to rats was diluted mith two parts by weight
of water, caloric intake was increased by 30%. The effect was transient,
ooccurring only during the 3 days following dilution.

Using rats, Keane, Ssutko, Krieger & Denton (1362) found tlat the
addition of 20% of water to purified diets coatsining 6-12% protein
resulted in incressed growth rate and a higher body weight gain per gran
of protein comsumed (protein efficiemey ratio, P.E.R.) than that obtained
when no water was added to the diet. Subsequent paired feeding studies
with rate (Xeane st al., 1963) indicated that the effects were not due to
sn increased protein intake. These workers also found that although F.E.R.



was increased by the 5 - 35% addition of water to a diet containing sucrose,
when the sucrose wam replaced by either cornstarch or dextrin, a similar
effect sas achieved with 50 but mot 20% addition of water. Confirmationm of
these findings has been reported by Reussner, Mazura & Thiessen (1964),

Evidence for the participation of osmotic factors iz food intake
regulation is strong. It is sufficient to warrant its detailed investig-
ation. Ae Schwartsbaum & Ward (1958) suggest, herein mey lie one of the
important mechanisas for short ters regulation.

It is c¢lear that hunger, satiety and long term energy bdbalance are
the conseguence of the activity of a number of mechanisma. It appeass
that there are a nusber of stimuli delivered to receptors in different
regions of the bedy, the afferent signals to which they give rise being
integrated in the cantral nervous system to resslt in coordinated dehaviour.
%hile there may be circusstances ir which an individual stimulus or
mechanism may dominate, more usually a multiplicity of factors is involved,
the relative importance of which may vary according to the conditions
prevailing at a given time.

B,  REGULATION OF POOD INTAKE IN RUMINANTS

W¥hen conmidering the regulatiom of food intake in rumirvants, there
are several peculiarities of the anatomy and the nutrition of these animals
which munt be taken inte acecount, Some important points in this regard
are listed below.

(a) The dependence of the hoat animal on the micrcorganiams
inhabiting the gut, particularly tha reticulorumen: the nutrients of the
host are mainly the metabolic waste preducts of these organisms and the
oerganisms themselves.

{b) The range of diets is wide, the concentration of energy
contained therein is often low, as little as %0% being digestidle.
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{c) Large amounts of digesta are contained in the gut and the
complex astomach (and its aszsociated motiliiy) has a marked effect on
the passage of the digesta along the gut.

{d) The digestion of fibrous food is dependent in part, on
runigation.

{e) The ingestion of food occupies a large portion of the day.

{f) 'The amount of roughage eaten increases with increasing
digestible enmergy content (i.e., guality) of the roughage.

{(g) Short chain fatty scids are the main source of enmergy.

{h) There ies no sarked post-prandial hyperglycemia when the diet
is one of roughage.

{i) The esse with which adult ruminants fattem suggests an unusual
adjustment of caloric intake and energy expenditurs.

A consideration of the factors listed above suggests that the
stimuli involved in the regulation of ruminant food intake are either
different from those thought to be important in animals with a simple
stomach, or as is more likely, of different relative aignificance.

Recent reviews are those of Balch & Campling (1962), Blaxter (1962,
ch. 15), Ulyatt (196%), Egan (1964}, Campling (1966) and Conrad (1966).

t.

The presence of feeding and satiety contres in the ruminant
hypothalamus has not been established with certainty. Larsson (1954) and
wyrwicka & Dobrzecka (1960) have produced feeding and satiety responses of
a few minutes duration by stimulating certain areas of the hypothalamus.
Rovever, neither aphagia leading %o death of the lesioned aniaal or
hyperphagia leading to cobesity - effects repeatedly showm in rats and mice
{see Kenmedy, 1966) - have been produced in the ruminant. Holmes &



Frazer (1965) were unsuccessful in attempts to establish hyperphagia in
sheep by electrolytic ablation of the ventromedial region: species
difference in location of the satiety ceatre eas comsidered by them to
be an unlikely explanation. In some circumstances the limitation of
food intake msey be independent of the satiety centre (Krauss & Meyer,
1965). The facter(s) limiting the intake of the wheaten~lucerne chaff
fed by Holmes and FPrager, possibly capacity of the reticulorumen, may
lixewise not have involved these oceatres.

In contrast to smcnogastric animals, vagal innervatioa of the
stomach is essential for the well-being of the ruminant (Duncam, 19533

Phillipson & Cuthbertson, 1956). The movesments of the rumen, reticulum,

omasur and oescphagus ars essentially reflex responses and the vagus
nerves contain both afferent and efferent fibres of the relevant reflex
arcs (see label, 1956; Comline & Titchen, 1961; Titchen & Reid, 1965).
The coordinating centres) for these activities is presumably located in
the medulla odlongata (Bell & lasan, 1955; see Comline & Titchen, 1961).

2. Hole of gastrointestinal tract.
(a) Oropharyngeal regulatien.

Baleh & Campling (1962) have reviewed the limited evidence
available suggesting that food imtake is not limited by metering of the
time spent eating or number of chews, or by exhaustion of salivary
secretion or Jjaw smscles.

The rate of food comnsumption is directly related to the voluntary

intake of the roughage (Hesselbarth, 1958; Kruger, Muller, Ginkel &
Schulse, 1955; Freer, Campling & Balsh, 1962), the time elapsed sinmce

the start of feeding (Reid & Corawall, 1959) and time of sccess to the
roughage (Freer et al.,, 1962). 7Freer gt al. found that wshen the
voluntary intake of straw was inoressed by the intraruminal infusion of
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urea, the rate of straw consumption waas also increased suggesting there
was no relatioaship between the latter and palatability. Theas relation-
ships may reflect the degree of hunger rather than an asasocoiation between
the rate of breakdowmn of the food im the reticulorumen and the rate of
food comsumption as was suggested by Freer and co-workers. Differences
in the availability of bhody fluid and solutes for the production of
digestive secretions, particularly saliva, may contridute to the difference
observed in the rates of consumption of various roughages. The decline in
rate of food intake as feseding progresses may be a result of the pertisl
inkidition of saliva production by inhibitory stimuli elicited by the
ecocumulation of digesta in, and the consequent distension of, the retic-
ulorumen (¥ilson, 1963; Kay, 1966).
(b) Gastric distensien.

Baleh & Campling (1962) have revieved a conaiderable volume
of direct and indirect evidemco suggeating that a relatiomship exists
between the bulk of a food and the amount of it volumtarily consumed by
rusinants. It was concluded that physical distension of the reticulorumen
is an isportant factor regulating food intake. This concept of the
importance of bulk was expressed in the generalisation made by Blaxter
(1950) that the asount of food dry matter cornsused inoreased with increasing
concentration of the ration, expressed ss net energy/kg DH¥. Subsequently,
a close positive relationship between the apparent digestibility and the
voluatary intake of rougheges has besn showm (Craspton, Domefer & lloyd,
19603 Blaxter, Wainman & ¥ilson, 1961; Blaxter & ¥ilsen, 1962; Blaxter,
Wainman & Davidson, 1966; Campling, 1966). Cattle digest the same
roughage better than do sheep and also consume more of it (Blaxter st al.,
1966). This relatiocnskip may mot apply to a whele range of roughages
for Conrad, Pratt & Hidbe (196%) found that for diets of high roughage
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content and between 52 and 66% digestibility, food intake was related to
bedy weight (reflecting gut capacity) amnd to dry matter digestibility.
Food intake increased with increaning digestibility up to adout 67%
digestibility beyond which food intake decreased with increasing
digestibility.

Direct evidence that the amount of digesta contxined im the retic-
ulorumen of cows ("f£i1l") is important in determining the amount of food
eaten has been obtained by Campling & Balch (1961). Collection at the
oardia and removal from the rusen of the food swallowed during the first
3 hr of a msal increased the smount of hay consused by 70-82%. Changes
in the amount of reticulerumen contents by removal or addition of digesta
were partly compensated for by an increase and decrease respectively of
the amount of food eaten. The presence of water filled balloons in the
rusen zlso resulted in a decrease in intake, an observation supported by
Davies (1962). The addition of food or sawdust to the rumens of sheep
imzediately before feeding was found by Weston (1966a) to result in an
almost fully cospeansatory decrease in food intake except oa the first day
of the intraruminal fesoding. It was suggested that the sensitivity of
the mechanisas was insufficient to maintain the status quo during the 2k hr
following the first additions. The addition of either S00 or 1,000 g of
finely ground polyvinyl chloride had relatively little effect on intake;
this was attributed tc its rapid passage out of the rumen.

Blaxter et al. (1961) estimated that the dry satter contsnt of the
digestive tract of sheep at the and of a meal was similar with three
different roughages offered ad lib. aad suggested that the animsls eat to
a constant distension of their digestive tracts. The reticulorumen was
suggeated as the compartment making the sajor contridbution to this effect.



Campling, Freer & Balch (1961) cbserved that when four cows
were given hay or straw ad lib. in one meal daily, they ate more than
twice as muck hay as straw, Immediately after the meal the dry weight
of the digesta in the reticulorusen was 35X greatar with hay than with
straw but just before the mext meal, the difference was less than 6%.

If urea was infused into the rumens of cows fed straw (Campling, Freer

& Baleh, 1962) the amount of digesta in the reticulorumen after a meal
waa increased but the asount present before the next meal was the same
as when straw alone was fed. These resulta do not confirm that the
critical f£ill determining satiety is at the end of the meal. Subssguent
observations (Freer & Campling, 1963) suggested that with different
roughages having a mean daily rate of disappearance from the reticulorumen
of about 18 1b DH, eating ceased when the reticulorumen contained equal
amounta of digesta, a limit possibly set by the capacity of the organ.
#ith roughages having & slower rats of disappearance, it appeared that
eating eased when the reticulorumen contained less digeata, the amount
present at the end of feeding being that shich would be reduced to about
19 1d DM immediately bvefore the next meal.

The rate of disappearance of digesta from the reticulorusmen is
regarded an a function of the rate at which the food material is broken
down while it is retained there and the rate of flow of material out of
the rumen. Variatiozn in either of these components may be expected to
affect intaks.

(a)

Rate of breakdown is used im this review to describe the rate
at which the digesta in the reticulorumen is altered to that state in
which it can pass out of the organm either by absorption or by passage along



33

the tract. Rate of passage, expressed as retention time, and rate of
flow have been defined by Balech & Campling (1962, 1965).

Size is prodabdbly the main factor in determining shether or aot
undigested food residues leave the reticulorumen (Balch, 1950; Castle,
19563 Balch & Campling, 1965) but specific gravity of the particles is
also isportant (Balch & Caapling, 1965). Reduction of particle size by
finely grimnding the roughage may on occasions result in an increase in
food intake, possibly by imcreasing the rate of passage of the particles
out of the rumen (see Campling & Treer, 1966),

Factors affecting the rate of breakdown include rumination, activity
of the microorganisas, quality of the diet and reticuloruaen motility.

One of the important factors reaponasible for reduction of the food
particles to a aize sufficiently seall to pass through the reticulo-omasal
orifice is chewing during rumination and eating. <The smsignificance of
rusipation has been inveatigated by Pearce & Hoir (1964). They used a
chaffed ration on which rusmination mas either allowed to occur norually
or was reatricted by sussling the animel and the same diet finely ground
with rusination noraal for that ration or stimulated by the addition of
polythene flakes. Retention time was increased by sussling. By
contrast, it was decreased when the ground roughage was fed compared with
the chaffed ration, and a further decrease resulted froe the addition of
polythene flakes. Freer gt al. (1962) found a direct relationship
betveen the total time spent eating and ruminating per pound of roughage
and the rate at which the organic matter passed from the rusen. Factors
affecting the sxtent and pattern ¢f rumination have reecently been studied
by Pearse (1965a,b).

The reslatioznship between apparent digestibility of the feed and
voluatary food iatake is partly explicable in terss of the ability of the



food to satisfy the nutrient requirements of the rumen microorganisas
and hence the rate at which it is brokean down in the rumen. It is
now well estadblished that digestion of poor quality roughages in the
runen msy be heampered Ly a shortage of nitrogen. The provisioa of
snall amcunts of nitrogen, often as an intraruminal infusion of urea,
increases ths rate of breakdowmm, rate of passage and voluntary intake
of the food (Campling et al. 1962; Hemsley & Moir, 19633 Coombe &
Tribe, 1963; Egen, 1965a): in sose instances an additional energy
source ias also required (see Faichmney, 1965; Hemsley, 1966). Other
substances such as certain fatty acids (Hemsley & Moir, 1963) and yeast
(Toaic, 19%9) increase food intake probadly by eabancing cellulose
digestion. Substances which depress mierobial activity such as anti-
biotics, cause a reduction in food intake (Bell, Whitehair & Gallup,
1951; Oyaert, Quin & Clark, 1951).

Attributes of the food affeoting the availability of nutrieats
such as amount of lignification, cell wall content (Vam Scest, 1965) and
particle aise (Meyer, Gaskill, Stoewsand & Weir, 1959; Meyer, Kromann &
Garrett, 1965), may also affect the rate and extent of digestion.

Reid (1963) ham discussed the role of reticulorusen motility im
alding digestion iz that organ.

An outcome of the relatiomship betwéen rate of breakdowm and rate
of disappesrance is that there is an inverse relatiocnship bdetween rate

of passege of undigested food residues, expressed as retention time, and :{

voluntary food intake (Blaxter et al. 1961; Cooube & Tribe, 1963; \M |
Campling, 1966). It is not known with certainty however, whether the
higher food intake is caused by, or is the cause of, a faster rate of
passage. The effects of the amount of digesta im the reticulo-rumean on

rate of passage has been discussed by BEalch & Campling (1963).
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(e)

Variations in the flow of mmterial out of the reticulorumen
say be expected to alter the rate of disappearance of digesta fros that
organ.

The importance cof the reticulorumen movements in aiding the
passage of digesta is indicated by the effeots of wvagotomy. The
resultant loss of reticulorumen movements leads to disteasior of the
reticulorusen and ultimately, death (see Fhillipson & Cuthbertscn, 1956).

The relaticuship between reticulorusen motility and digesta transfer
has not been widely studied over long pericds, due mainly to the difficully
in amessuring flow of digesta into and out of the omasun (see Phillipson &
Ash, 1965).

The mean weight of organic matter passing through the reticulo-csasal
orifice with each hiphasic contraction of the reticulum has been calculated
for a number of roughages (Freer et al. 1962). It was concluded that the
amount of organic matter transferred per contraction depended on the weight
of organic matter consumed and not on the nature of the roughage and that
it was unlikely that the intake of roughages offered ad l1lib. was limited by
the amount of organic matler transferred per reticulus contractica. These
conclusions say de regarded as speculative.

Stevens, Sellers & Spurrell (1960) recorded reticulo-omasal pressure
changes and stteapted to relate them to ingesta flow. They found that
reticulus contents msy enter the omasum mainly during the height of the
second of the biphasic reticulum comtractions; their exit te the adosmasum
was less regular. Viether the saterisl in the omassal bdody passed to the
abomasum depended on the contractions of the omasum and whether the omaso-
abemasal orifice was cpen during those comtractions. Caasal body
contractions did not regularly socur with each biphasic reticulum con-
traction and on some occasions when it did, the omaso-abomasal orifice was



¢losed and omesal contsnts were returned to the reticulusm, Kay &
Hobson (1963) have argued that, due to the absorption of water by the
omsasum, the outflow of digesta from that organ is probably less than
inflow from the reticulum, but as the omasum has little holding capacity,
the pattern of outflow say be similar to that of inflow. The exit of
material fros the omasum shows no regular rslatioaship to the motility of
the reticwlum and rumen (Phillipson & Ash, 1965).

That the physical nature of the diet affects reticulorumen motility and
thaerefore digesta transfer froa that orgen is suggested by the work of
Colvin & Daniels (1965). These workers measured the effects of grinding
& roughage plus condgentrate diet on the rumen motility of fasted calves.

As the degree of fineness of grinding increased, the smplitude and
frequency of rumen contractions decreased and the resting intraruwsinal
pressure imcreased. Fharr, Colvin & Noland (1967) reported similar
results for sheep with the exception that the frequency of contraction was
not affected.

Evidence to show that on occcasions therw may be a limit to the rate
at which digesta particles are expelled from the reticulorumen through the
reticulo-omassl orifice is found in the work of Pearsce (1967). By
measuring size and distribution of particles of the reticulorumen contents
of sheep at various intervals after a single feed, he found evidemce to
suggest that at times, the rate of forsation of ssall particles sas greater
than their rate of remcval from the rumen.

()

Distension of the adomasua inhibits coatractions of the rumen
and reticulum (Titchen, 1958, 1960), omasal cutflow (ish, 1962a) and
reduces the strength of comtraction of the omasum (Stevens et al. 1960),
Distension of the duodemum inhibits abomasal ocutflow (Phillipson, 1952) and
the frequency and force of the retisulus contractions (Phillipson & Ash,
1965). Total obatruoction of the flow of digesta into the ducdesum
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(Ash, 1962b) or through the terminal ileum (Gocdall & Kay, 1965)

rapidly leads to complete loss of appetite. Chenical stisuli are alseo
important, affecting reticulorumen motility (Titchea, 1958) and abomasal
secretion (Ash, 1961; Hill, 1965). The existence of inhibitory stimuli
originating in the duodenum and affecting flow of digesta from the
abomasus is indicated by the increased flow rate obaerved when digesta
sre collected from a pyloric fistulz and not returned to the ducdenum
(Hogan & Phillipson, 1960). As in simple stomached animals, the intra-
duocdenal instillation of acid, fat or protein digestion products is
followad by varying degrees of inhibition of abomasal wotility and
secretion (Singleton, 1951; Mcleay, 1967). The stimuli so induced by
fat and fatty acids can on occasions depress food intake (Titchen, Reid
& Viieg, 1966).

The iaportance of reflex and other mechaniems discussed in this
section in the regulation of food intake are unknown. Some evidence
suggests that shere flow of material out of the reticulorumen is
enhanced by firely grirnding roughage, the amount of digesta in the
lower gut say limit food intake (Campling & Freer, 1966). Any increase
in-the apount of digesta passing to the intestines results in distension
rather than an increase in dry matter concentration (Coodall & Xay, 1965).
More rapid propulajon alsc occurs and this may vary depending on the diet
(Coombe & Kay, 1965).

There iz thus a considerable body of evidence to auggest that the
amount of digesta in the reticulorumen, itas rate of disappearance from
that organ, and its presence in the more distal regions of the gut are
important factors in comtrelling the voluntary intake of roughagea. It
is pointed out, however, that a characteristic of the majority of the
studies on which these conclusions are baged has been the disregard of



the contribution that liguid makes to rumen fill, |Vater accounts for
about 90% of the weight of digesta in the reticulorumen (Reid, Bailey

& Glenday, 1967) and hence must make the major contribution to effects
involving distemsion. According to Eay (1966), the absence of
appreciable effects on food intake of additions of large volumes of
water to the rumen {(Campling & Balech, 196%1; Davies, 1962; SNolues &
Leng, 1963), may merely be & reflaction of the rapid exit of this excess
water. Kay (1966) stated that it seeas thet ‘cswotically-frese' water -
in practice the wmater drunk in excess of the quantity required to reader
isotonic the salts released from the food - is absorbed guite rapidly."”
This concept appears incempatibvle with recent work for although the
rumen contents tend towards hypotonicity (Engelhardt, 1563a; Warner &
Stacey, 1965), the solute concentration in rumen liquor rises very
rapidly on feeding to a peak of about 40Ososa/kg water in sheep (Warner
& Stacey, 1965) and cows (Reid, C.5.%. & iittle, Dt., unpublished) and
returzs to hypotonicity onrly after several hours, An squally gradual
return to hypotoanicity is evident when the soclute concentration is
lowered by the rapid addition of large volusmes of water into the rumen
of the fasted animal (Warner & Stacy, loc.cit., Reid & Little, loc.cit.),

There appears tc be no evidence as to the immediate fate of liguid added
to the rumea. ntil a detailed study of the factors involved is made,
it aust remain uacertais, for example, wby an intraruminal infusion of
10 1. daily of either artificial saliva or 1% NaCl, but not a similar
volume of water, results iz the inhibition of parotid saliva seeretion,
en e¢ffact which was presumed due to a distension mechanism (Wilson &
Tribe, 1963).

Changes in the distribution and amount of water within the
reticulorumen may have considerable effects on rumen function as discusased



below. Factors affecting the distribution of dry matter within ¢he
rumen have been little studied (Reid et al., 1967) and even less is
known adout the importance of this phenomesncn. One consequence may

be that all receptors in the reticulorumen are not uniformly stimulated.

The poasibility of receptors sensitive to changes in the volume
of the rumen, the tension in ita walls or both have been discussed by
Kay & Bobson (1963). Diatension of the rumen by inflation or dy
ballcons inhibits both rusmination and saliva segretion (Kay & Phillipson,
1959; Ash & Kay, 1959) and at intrarumen gas pressurs of 14 cm B0 or
aore, inhibition of reticulum and rumen contractions is evident in
decerebrate sheep (Reid & Titchen, 1965). The inhibitory affects of
distension may occur during feediag causinz a reduction in saliva
secretion as fseding progresses and at the beginning of the rest period
which follows feeding (see Hilson, 1963). Inhibitiorn of rumination
after feeding by a similar mechsnism has been suggested (Pearce, 1965a).
%hether these effects are involved in satiety is unknown but their
similarity is atriking.

The assuamption has been made (Xay & Hobson, 1963), that distension
of the rumen stimulates the hypothalanic "satiety” centre just as stretch
does in other species (Sharma, Apand, Dua & Singh, 1961). The
possibility cannot be excluded however that the hypothslamic "asatiety
centre® is not involved as discussed earlier, and that satiation due to
distezsion is a reflex phenomensn similar to the inhibition by
distension of saliva secretion and rumination.

The manner in which the animal can adjust %8s food intake to the
rate of disappearance of digesta from the reticulorumen is aven less
certain. Two possibilities are suggested. The "setting" of the level
of gut distension at which satiety cocurs may depend on the diet. [Egan
(1965a,b) has proposed a relationship between level of fill of the
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reticulorumen &nd the nitrogen status of the animal to account for the
inereased foud intake induced by intraducdenal casein supplements.
Secondly, it is probable that it is not the rate of disappearance of
digesta from the reticulorumen that is monitored but rather some
aspects of the processes on which it depends -~ the rate of digestion
of food saterial, absorption of socluble products and passage of gut
contents along the digestive tract. The nature, location and function
of the reticulo~omasal orifice suggests that further study of the

factors controlling its activity msay be fruitful.

Factors affecting the ccnsuaption of water by cattle include
type snd dry matter content of the ration, environmental temperature and
requirements for growth, lactation and pregnancy (lLeitch & Thomson,
19443 Winchestsr & Morris, 1956). Presumably similar factors are
isportast in the sheep. Restriction of water decreaxses the fosd intake
of cattle and sheep (Balch, Balch, Johnzon & Purner, 1953; English,
1966). ‘The decrease in food intake may not become apparent during the
first 1-3 days of water restriction, even in the complete absence of
drinking water (Bianca, Findlay & Mclean, 19653 Gexrdon, 1965).

It is not apperent why for many roughages iscludiag grass but
excluding silage a direct relatiomship should sxiat between the dry
matter content of the food and its voluntary consumption (Armold, 1%62;
Davies, 1962; Calder, Nicholeon & Cunningham, 1964; Halley & Dougall,
1962; Llloyd, lonefer, Bowsman & Crampten, 1962). On the other hand,
the positive relationship betveen the rate of cellulolysis and water
content of the surrounding rumen contents (Baleh & Johmson, 1950)
suggests that an increase in the water content of the food may result in



conditiona conducive to an increase in rate of breakdowmn of the digesta
in the drier dorsal regions of the rumen vwhere the majority of the dry
msatter is located (Reid et al. 1967}. Balch (1950) found a positive
between-cow relationship between percentage dry satter conteant of the
total food and water intake and rate of passage of undigested residues
through the hind gut.

{b)

After a week of limited water intake by a cow, Balch et al.

{1953) found that the weight of rumen contents had fallen in proportion
to food intake and both the dry matter percentage of the rusen contents
and the digestibility of the food were maintained. The constancy of
the dry matter percentage of rumen contents is a concept of limited
value in view of variation in the distribution of dry setter within the
reticulorumen (Reid et al. 1967). When the rafting of dry matter is
reduced by feeding finely ground roughage, the increased amount of dry
matter in the ventral rumen apnd around the reticulo-omasal orifice mey
restrict the flow of msterial out of the rumen (Casmpling et al. 1963 ;
Freer and Campling, 1565).

The importance of water in the transport of food reaidues along
the gut is well recoguised (Ash & Kay, 1965; Phillipson & Ash, 1965).
Saliva has been estimated to supply 70-90% of all the fluid eatering
the reticulorumen (Bailey, 1961; Stacy & Warner, 1966) although

appreciable amcunts of fluid may eater through the rumen wsll (Engelhardt,

196385 Nurray, Reid & Sutherland, 1962). The importance of saliva im
regulating the valuse and consistency of rumen contents has deea
discussed by Kay (1566).

Supplements of ash or variocus salts may improve food imtake, feed
efficiency and growth (Barnett & Reid, 1967, p. 17%). The effects are
particnlnri; apparent wshea high atarch, low roughage diets are fed

1



(Preston, 1963) where the concentration of dry matter in the reticulo-
runen is about 20% (Boyne, Campbell, Davidson & Cuthbertson, 1956;
Rogerson, 1958) and ash content of the diet is low (Rogerson, 1958).

In addition to the explanations discussed by Freston (1963), these
effects may be an illustration of the importance of fluid im rumen
function. Mineral supplements decrsase the percentage of dry matter
in the rumen contents and increase the volume of rumen fluid (Nicholson,
Loosli & Warner, 1960; Nicholson, Gunninghas & Friend, 1963), rate of
flow of fluid to the omasum (Nurray et al. 1962), rate of passage of
chromic oxide through the alimeatary tract and crude fibre digestibility
(Elam, 1961; Nicholson, et al. 1960).

(c) Osmotic comtrol of food intake.

While the results discussed above indicate a relationship
between water, rumen funotion and foed intake there is no direot
evidence of camometric control of food intake as has been suggested
for non-ruminanta. Certain aspects of ruminasmt digestion make this
an attractive hypothesis.

Sheep are estimated to secrete 3-161. of ssliva daily and cattle
100-180 1. (Kay, 1966). The rapid secretion of alkaline saliva during
feeding, together with other fluids asscciated with digestion, appears
responsible for the phenomenon obaerved in sheep that about 30 min
aftsr the start of feeding, the normally alkeliase urine decomes acid
and the excretion of water and sodium diminishes sharply (Stacy &

Brook, 196k). These reactions ars apparently insufficient te prevent

a decrease in plassa volume and an increase in plassa osmolality (Warner
& Stacy, 1965). Passage of water through the rumen wall into the
hypertonic rumen content may alse be a contridutiang factor (Nurray et al.
1962). <Qualitative changes in the solute composition of the blood are
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to be expected in view of the composition of the secretioans, differences
in the rate of resorption of solutes fros the gut contents (Kay &
Hobeon, 1963; Stacy & Warner, 1966) and presumably, remal tubular
fluid.

The secretion of acid by the abomasum aay partly counterbalance
the changes in urinary pH during feeding alticugh it has been claimed
there is no abomssal response to feeding when feeding is frequest (H1ll,
1965). After a feed of short duration, Ash (1961) observed that acid
secretion by abomasal pocuches increased in the subsequent 60 ain,
reached a peak between the ae¢cond and third hour after feeding and
thereafter declimed. Iz contrast, Mcleay (1967, ch. 2) found that
acid secretion by abomasal pouches increased whenever sheep fed, whether
food was continuously available or was offered after a period of fasting.
Acid output reached a peak within 60 min of eating.

The sham fesding experiments of Campling & Balch (1961) suggest
that dehydration consequent oa the removal of secreted saliva is
ineffective on its own in causing the cessaticn of eating. However, a
combination of stimuli involving gut diatension and the redistribution
of fluid and electrolytes among the body compartments has the attraction
of a close time relationship between the oscurreznce of these evoats and
satiety.

It is of iaterest that experiments designed to test whether the
intrarusinal infusions of water imhibit food intake by disteasion of
the reticulorumen have im fact, resulted in small iscreases in food
intake (Campling % Baleh, 1961§ Davies, 1962).

4.  Chemostatic regulation of food intake.
It has been proposed that ruasinants eat to a comstant digestible

autrient or energy intake when highly digestible rations are fed
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(Conrad ot al. 196k; Conrad, 1966; Montgomery & Baumgardt, 1965a,b),
even when the highly digestible ration inm diluted with inert material
(Basle & Pfander, 1964). ¥hen acceus to a concentrate ration is
restricted to 5 hr/day, nutrient intake may be lowar tham when roughages
are fed but is increased shen available continuously (Freer & Campling,
1963). 3vidence that the amount of digesta in the reticulorusen of
lactating cows did rot limit their voluntary inteke of highly digestible
herdage has been found by Hutton, Rughes, Newth & Watanabe (1964).

These workers cbaserved a linear relatiomship betwesn food intake and
weight of dry matter in the reticulorumen.

A chemostatic form of regulation has been proposed by various
groups of workers to account for these observations. Johns (1961, 1962)
has c¢onsidered it in relation to the consumption of ryegraes species by
grasing sheep.

On theoretical grounds, Manning, Alexander, Xrueger & Bogart (1959)
have considered it unlikely that the regulatory metabolite 1s glucose.
Short term infusions of glucose have been without effeet on food intake
(Manning et al. 19593 Dowden & Jacobsoan, 1960; Holder, 1963; Simkins,
Suttie & Baumgardt, 1965b).

The importance of volatile fatty acids (VFA) im ruminant energy
metabolisw has led many workers to imvestigate their possidle role in
food intake regulatisn. Agetic acid has been suggested ss the most
likely of these mcids (Ulyatt 196k, 1965). Kay & Hobson (1963) stated
that "the concentration of VFA's iu the rumen inerease too slowly after
a meal for these te be a likely stimulus to satiation®. A similar
belief is expressed by Balch & Campling (1962). In contrest, Simkins
et al. (1965a) observed that satiation in eows fed for a 6 hr period
occurred when blood and rumen concentrations of VFA were at a maximuam.



h5

The intrarusisal infusion of VFA's into cattle (Rook, Balech,
Campling & Fisher, 1963; Montgomery, Schults & Baumgardt, 1963,

Simkins ot al. 1965a,b) and sheep (Ulyatt, 1965; Weston, 1966a; Egan,
1966; Baile & Pfander, 1966) have generally canased a depression in
food intake. An exception to this generalisation has heen reported by
Ulyatt (196h, 1965). Intrarusinal infusion of 200 kecal of propionic
acid on alternate days tc sheep significantly enhanced the intake of a
low quality rougbage during the first hour of feeding and caused snmall
increases in the daily consumption of & concentrate ration and of a
medium quality chaff. Infusion of acetic zcid depressed food intake.
The suggestion was made that acetic acid may be involved in satiation
ard the propiloniec acid facilitated itz metadbolisa.

It has not been established whether imtrarusminel adainistration
is necessary for the effects to occur. The intravenous infusicn of
sodium acetate, acetic and propionic acids produced highly significant
depressions ia the intake of lucerne hay by heifers during the 8 hr
infusion period (Dowden & Jacobson, 1960). On the other hand, lelder
(1963) found that the intravencus infusion of scdium acetate was without
effect on the food intake of sheep. The abomagal infuaion of 460
kcal/day of propienic acid for eight days depressed the intake of lucerne
hay by sheep (Weston, 1966a). As 8 hr intraduodemal infusion of 22 g
propioniec 20id was without effect (Egam & Moir, 1965).

Baile & Pfander (1966) have propesed that “ruminal acetic asid
concentration chamge is perceived by the ruminast and, under some
fesding regimens, acts as a regulatory feed intake sechanise®™ (sic).
Their hypothesis is dased in part on the cbaervation that the intra-
rusipal injection of 250 ml.ef 1.0 M acetic acid twice daily immediately
befere feeding produced a 60% reduction in food intake aad wae usually
accoapanied by a partial inkidbition of rusem motility. |



Ash (1959) reported that buffered solutions of 0.1-0.2 ¥ acetate,
propionate and butyrate of pH 3.6-5.0 pleced into esptied rumens of
sheep inhibited reticulorumen motility. S8inece inhibition wae produced
by ¥FA vapour with only mimor changes in blood composition, it was
concluded that the inhidbition was due to stimulation of acid-sensitive
receptors in the reticulorumen wall. An extra-ruminal site of action
is suggested by the similar effects cbtained with intravenous injectiona
as sodium salts of the VFiA's (lLe Bars, lebrument, Nitescu & Simoanet,
1958) but in this case the effects were probably accompanied by changes
in blood composition. Bell (1958) reported changes in the electro-
encephalograa of goata with the intravenous infusion of VFi's.

A continuation of food intake depression for 1.8 days after
cessation of the intraruninal infusion of VFA has been observed by some
workers (Helder, 1963; Montgomery et al. 1963; Ulyatt, 1964; Baile &
Pfander, 1966; @eston, 1966a), Infusions of VFA for A-2h hr were
found on occasions by Egam (1966) to be without significant effect on
food intake on the day of infusion but for up to seven Qays following,
a depression ccocurred. It was most marked on the first and seecad days
after the infusioca.

Although it has often been concluded that chemcstatic regulation
of food intake by ruminants is poesible, unequivocsl evidence in
support of this centeatiom has yet to Ve provided. In the case of
VFA, it is mot certain vhether the effeets on food intaks of iufusions
of these substances reflect the part they play in the normal regulatory
processes, or whether the effsctes are non-epesific. The published
results, particularly those where persisting inhibitory effects were
observed, would indicate that the apperest "satiation" induced by the
VPA infusions is complex ia nature. Weston (1966a) has coammented that



the effects nmay de related toc an adverse effect on microbial digestionm,
osmotic pressure and oation changes, scid-base relations, heat dis-
sipation limitations and an impairment of the rate of energy utilization.
The importance of thesme and other effects must await the results of

further research.

Food intake of sheep is increased by the addition of protein to low
quality roughages (¥illiams, Nottle, Hoir & Underwood, 1953; Blaxter &
#ileon, 1963). As the emergy content of the diet is increased, additional
protein is reguired in order to maintain high food intake in sheep
(¥illiams et al. 1953) and high intake and performance in cattle {(Bond,
Everson, Cutierrez & ¥arwick, 1962)., The declins in the intake of
roughages sometimes observed shem concentrates are added to the diet
depends on the type of roughage and the type of supplement (Campling, 1964,
19663 Kurdech, 1964).

When sixteen foods ranging in crude protein content from 2,6-10%
were fad to sheep (Elllott & Topps, 1963), dry matter intake was closely
related to nitrogen content but not dry matter digestibility., Meir &
Harris (1962) observed that with sheep fed a semisynthetic dist in which
only the nitrogen content was varied, the dry matter intske and rate of
sating were greatly reduced shen the nitrogen intake was bdelow 6 g/day.

These sffects are gemerally attributed to changes in the activity
of the rumen microorganisms (Blaxter, 1962 p.287). Vleir & Harris (1962)
found that vhes a constant nitrogen intake was saintained by addition of
casein via tae ducdenum, the dry matter intake of the sheep so supplemented
did not decline as the nitrogen level in the diet was decreased. The
suggeation was made that the effects of the ducdenal supplementation were



pot wholly asesdiated through increased microbial setivity., [Evidence for
this suggestion hes been claimed by Egam & Moir (1965), Bgan (1965a,b.¢)
and Egan (1966} working with shesp. Az 8 hr intraduodenal infusion of
casein resulted in a transitory izeresse in the intake of a low gqumlity
roughage which was not expligcadble in terms of an increase in the rate of
digestion in the rumen (Egan & Moir, 1965). The increased intake was
maintained when the infusioss wers continued for 18 days. Nean retextion
time of the food in the alimentary tract sus not asltered dut dry satter
digestibility and rate of cellulose digestion were depreased (Egan, 1965s).
A amalleyr increase in the intake of wheaten strawv supplemented with ¥
urea wag achisved uander similar circumstances without alteration of dry
matter digestibility, mean retentiom time and rate of cellulcse digestion.
Svidence suggested a greater degree of gut f1ll with the casein infusion.
Furtker evidence im support of this conclusion (Egan, 1965b) was
that when either urea or casein were administered per os or per ,:"!_

oy

the iucrease in dry satter and digestible energy intake uwas related to ",,,
inercase in nitrogean reteation. An increased rate of passage did not %M
alone account for greater food consumption since at a given rate of f )
passage, the intake was higher when the sheep were in higher nitrogem ][
dalance. This suggested a higher level of fill of the alimentary tract /
with isproved nitrogen atatus.

One effect of the casein supplements oither per os or per ducdenum
was an improved ability to deal with impoeed acetate and propionate loads
glvex by intravencus injegtion (Egan, 1965¢), suggestiang s relationship
between the ability to utilize energy and food iatake. The decrease in
food intake resulting from the ispesition of an energy lead ian the form
of intraduodenal infusions of casein to sheep receiving & low quality

roughage to which casein had already been added or the intrerusinal
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infusions of VFA (Egan, 1966) was interpreted as evidence in favour of
this relationship.

It appears certain that casein supplements have an effect on food
intabke not expliceblse in terms of an increase in astivity of the rusea
microorganisms. The explanation iz however, uncertain, The relatiocn-
ship to nitrogen atatus is not clear as a positive nitrogesn balance
indicatea either inecreased growth or a process of replenishing depleted
protein “"stores" within the body and may thus be indicative of a changing
physiolegical state. A high positive nitrogen balance may be schisved
with widely different nitrogezn intakes depending on whether the animal
is protein depleted or replete and on the rate of mnitrogen astabeolism to
which the body tissues are at that time adapted (Allison & Bird, 196hk;
Cser, 1965, p.815).

Caution should be exercised when comsidering the svidence claimed
by Egan (1965¢, 1966) in favouwr of a relationship between food intakse,
nitrogen status, and ability to utilise energy. The difference in
tolerance to acetate and propiomate injections may be explicable solely
in terms of different intakes of digestible emergy (Weston, 1966b), and
the effects of intraruminal infusions of VFA may not be explicable inm
terns of energy per se as has beem discussed above. It should alsoc be
pointed out that casein supplesents per os resulted in higher food iatake
than did casein per ducdenum (Egan, 1965¢, 1966).

This review has eaphasised the somplexity of the manner vherecby
botk ruminants and saisals with & simpler form of stomach regulate their
food intake. It is clear that a mumber of mechanisms are involved. It
is also clear that the effects of supplesents on the food intake of
runinants whether they be fatty acids or protein are unlikely to be
explained in terms of any oune mechanisam., The effects of nitrogenous
supplements on the food imtake of sheep, the consern of the chapters

that follow, proved to be no sxception to this generalisation,



CEAPTER 2

SOME EBFFECTS OF INTRADUCDENAL INFUSIONS OF CASEIN ON FCOD INTAKE

INTRODUCTION

A supply of nitrogen inadequate to satisfy the growth requirements
of the rumen microorganisms is a major limiting factor in the utilisation
of low quality roughages by ruainants. The increased voluntary intake
of these roughages when supplements of wrea are added to the diet or
directly to the rusen has in general been attributed to changes in the
rate of cellulose digestion in the rumen (Clark & Quin, 1951; Blaxter,
1962, p.287; Coombe & Tribe, 1963).

The effects of an iaproved nitrogen status of the animal sometimes
found when supplementation with urea is made (e.g., Coombe & Tribe, 1963)
has recently attracted some attention.

Moir & Harris (1962) fed sheep a constant amount of a "gemipurified"
ration in which only the nitrogen content was varied. Three animals
were given intraduodenal infusions of a casein preparation so as to keep
the total nitrogen input constant as the dietary nitrogen intake was
successively reduced from 12.2-2.2 g/day. Dry matter intake and rate
of eating of the three sheep remained constant throughout the range of
dieta fed. In contrast, the dry matter intake and rate of eating of
uasupplemented sheep were greatly reduced shen the dietary nitrogen
intake decreased below 6 g/day. 1t was suggested that the observed
response in food intake by the supplemented sheep was not eantirely due
to increassed activity of the rusen aicroorgenisas.

In the present experiments, 8Shr intraducdeasl infusiones of a
cagsein preparation were administered to eheep fad a roughage low in

nitrogen. A study was made of some factors affecting the change in foeod
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intake when the infusions were made qach.dnv. and, as in later
experiments, at 5-7 day intervals.

During the course of the present study, the results of a
similar investigation were reported (Egan & Moir, 1965; IEgan, 1965a,b,c,
1966). These have been discussed in Chapter 1 of this thesia.

MATERIALS AND METHODS

Sheep and housing. Romney crosasbred ewes, 16-28 months of age were used.
Perspex or polypropylene cannulae were inserted in the duodenum about
10cm csaudal to the pylorus. Both sub-abdominal (Phillipson, 1952) and
ridb-bed (NcDonald, 1953) lecation of the cannulae were employed. The
apimals were housed indoors in individual stande in which they were
restrained by head-stocke and a sling. Stainless steel mesh separators
piaced under the steel grille floors of the stands allowed the separate
collection of faeces and urine. Maximum within day temperature

variation in the room housing the animals was approximately 20°¢C.

Diet. The food wae chaffed, threshed ahort rotation ryegrass hay (Tadle 1).

TABLE 1. Composition of the chaffed ryegrass straw. The
variation wmas due in part, to differences detweern the batches

of straw.
D.K. Nitrogen content D.K, digestibility
(%) (% dry weight) %
85-88 0.90-1,05 39-95

The hay, obtained in approximately half-ton lots as required, was
the ssedless atraw remaining after harvesting the seed fros certified
crops and hence slmost free from contamination with other plant species.
Water and salt lick (crude NaCl with trace amounts of BEOy, CoClz and
Fe 0y added; Summit Products Ltd, Palmerston North) were available at
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all timeas. The sheap were fed on the ryegrass ohaff for a minisum of
21 days before an experiment commenced,

Infusions apnd apparatus. Initially, the apparatus used for lntra-
duocdenal infusions wus a gravity feed systezm as desocribed by Ulyatt

(1964). In later experiments, DCL micropumps (F,A. Hughes and Co.,
Surrey, fingland) were used. Intravenous infusions were msade using a
gravity feed ayaten.

The casein preparation, which on occasions was administered ianto
the ducdenum, was a water soluble caloium salt of milk protein
("*Casilan™, Glaxo Laboratories, (K.Z.) Ltd, Palmerston North), The
composition of "Casilan", hareafter referred to as casein, as given

by the manufacturer sasi-

Protein 90.0%
Fat 1.8
Mineral Salts 3.8
Moisture k.0
Glyceryl mono-oleate 0.5

Nitrogen content as estimated by the Kjeldahl method was 13.9-14.1%
dry weight. Solutions ¢f casein were made up the day hefore they were
required by the addition of an appropriate voluse of wars (c. 30°C)
vehicle, shaken vigorously and allowed to stand overnight. Except where
stated, the vehicle was a salt selution as deacribed by Blaxter & Martin
(1962), tsotomic with ducdenal contents and hereafter referred to as
"Blaxter's Saline™. A concentrated stock sclution was stored at 5°C
and diluted as required with vars tap water. Except where stated, alld
infusions were made at a constant rate for an 8hr period comsencing with
the presentation of freeh feed.

Feeding and Excreta. An amcunt of weighed food approximatsly 20% in
excess of expected intake was offered at 8.30am or 9.00am. Residues

were scllected and weighed at the end of a 2Mhr feeding peried. Dry
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matter (DM) intake for each sheep on each day was obtained by sub-
tracting the DN refused from the DN offered.

Bater intake was measured by detersining the residue after 24hr
wher 41, of fresh tap water had been offered at the time of feeding.

Urine and fasces were collected once daily immediately before the
presentation of fresh food. Urine was collected in s polythene bottle
containing 10 ml, of SN uzso“.

Samples of food, food residues and faeces for DH determination
were taken daily and dried for 24hr in a forced-draught oven at 90-92°¢C.

Nitrogen balance estimation. Samples of food and food residues for
nitrogen (N) estimation were taken from the oven dried material., For

each sheep, a bulk sample of food residues was made by pooling sub-
samples taken from each day‘'s refusals in proportion to the amounat
refused. N was estimated on each day's urinary and faecal saaples or,
when only the mean daily H output was required, on samples bulked as
for food residues. Urinary and faecal samples were stored at -5%.
Preparation of fazecal samples for analysis was as described by Reis &
Schinckel (1961),

Blood sampling. Samples ware collected intc heparinised syringes froam
a catheter inserted into the jugular veidn. Heparinised syringes coa~
taining 1-2 ml. of liguid paraffin B.P. were ussd when sampling blood fer
Co

2
Ltd, london) were introduced into the jugular vein the day before

estimation. The catheters (Sterivac, Size 2, Allen and Handburys

required and kept filled with heparinised saline (0.9%¥ NaCl) when not in

use.

Plasma voluse estimation. HEstimations were made with Evans Blue
(¥arner-Chilcott, X.J,, U.8.A.; ons ampoule containing 5 ml, of 0.5%

aqueous solution was made to 35 ml. with sterile 0.9% NaCl),
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Immediately before feeding, 10 ml, of the dye was injected into the
jugular vein through a catheter and 8 ml, blood semples werse taken
immediately before dye injection and at 10, 20 and 30 min after
injection. Plasma was separated by centrifuging at 12,000 rev/min
in a Servall RC2 centrifuge, rotor 83534 (18,500 g) for 15 min.
Ueing a Beckman DU spectrophotometer zeroed againet the sample taken
immediately before dye injection, the optical deneity (C.D.) of each
sasple was compared with a standard made by adding 1.0 ml. of a 1 in
25 dilution of the injected dye to 4.0 ml. of plasaa, The C.D. at
zero time was found by extrapelation with the aid of semilog graph
paper. The plasma volume was thea calculated from this vilue, the
0.D. of the mtandard and the 4ilution factors.

Pagked cell volume. Blood samples ware centrifuged for 10 min in a
micro-capillary centrifuge (I.Z.C., Model MB) and packed cell volume
(PCY) determined with the aid of a micro~hasmatocrit readsr (I.E.C.),

Chemical analysis
Nitrogen content of foed, food residues, fasces and urine was estimated
by a semi-micro Kjeldahl method using a Se-K 80, catalyst {Rumphries,
1956).
Plasma protein concentration wan estimated by the biuret reaation as
desoribed by Gornmall, Bardawill & David (1949)., Crystalline bevine
serus albumin (Sigms Chemical Coy) was used an a standard.
Protein-free plasses for eatimation of amino noid concemtration
sas prepared by diluting plasma (1.0 ml,) with an equal volume of cold
(1-5°0) distilled water and slowly adding with comstant shaking 2.0 ml.
of cold 10% trichloroacetic acid solution., After 10 min, the bulk of
the precipitate was centrifuged down in a bench cemtrifuge and the
supernatant filtered (Whatman's Ne.d).
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Fig.1. The food intake of the three sheep
in Expt. 1. All infusions were into the
duodenum and were for 8hr commencing at the
time of presentation of fresh food.
Blaxter's Saline (2 1./day) was the vehicle
used to administer the casein and urea.



85

Plasma amino acid concentration was measured in suitable aliquots of
the filtrate by the method of Rosen (1957) using leucine (Sigma) as

a standard,

Blood CO, was estimated by the microdiffusion method of Conway (1957).
The analysis commenced within 30 min of sampling.

Solute concentration was determined by the depression of freesing point

method using an osmometer (Fiske Asscciates Inc., Connecticut, Model
G62). In the case of ducdernal conteants, osmolality was estimated on
the aupernatant formed by centrifuging the contents as for plassa

preparation.

EXPERIMENTAL AND RESULTS
A, SOME BFFECTS OF DAILY INTRADUODENAL INFUSIONS CY CASEIN.

The initial experimeunts wers concerned with the effects of daily
8hr intraduodenal infusions of casein om voluntary food intake. The
variety of responses obtained is illustrated by the following experi-

ments.

Experiment 1.

After five daya of daily intraduodenal 3infusions of 2 1. of Blaxter's
Saline to thres sheep, the addition of casein (50 g/day) to the Baline
caused an initial depression of food intake in two of the animals
(rig. 1&, by Day 10). By the fourth day of infusion of the casein
preparation, food intake had increased to approximately 140% of that
when Blaxter's Saline alore was infused. Neither replacing the casein
with urea (15 g/day, Fig. 1o) nor Blaxter's Saline aloze (Fig. 1) was
effective in maintaining the increased level of intake. The effect of
the continued infusion of casein was eguivocal (Pig. 1a). Ko increase
in iataks comparable to that previcusly obtained cccurred shen 50 g/day
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of casein was again added to the Blaxter's Salime (Fig. 1b,c, Days 22-27).
Increasing the amount of casein to 70 g/day caused both a transitory
(rig. 1b) and an irregular (Fig. 10) increase in food imtake.

During the first of two, 15 day periods, daily intraducdenal

infusions of 1 1. of Blaxter's Saline were given to the two sheep surviving
the previous experiment. During the mecond period, oasein (50 g/day)
vas added to the Blaxter's Saline. N balance was estimated during the
last 6 days of the first period and the last 8 daya of the second. The
casein preparation had little effect on food intake although it improved
N balance and live weight gain (Tadble 2).

TABLE 2, Effect of daily intraduodenal infusions of casein

on intake and apparent digestidbility of dry matter, nitrogen
balance and liveweight change of two sheep.

DK DM R Ihtcll ﬂrinary N Live-
Treatment intake digest- intake balance weight

(g/day) uizty (g/day) (s/da.y) (g/cn) (gz/d4ay) change

Sheep Y

1 l.Blaxter's 620 55.2 5.87 3.85 2.65 -0,63 ~0.091
8aline/day

Casein (50g) fn
1 1.Blaxter's 657 84,7 12.9? 3.68 5.68 +3.62 +0.155
Saline/day

Sheep ¥

1 1l.Blaxter's hh9 89. 4 .20 3.10 é.21 1,11 «0.023
Saline/day

Casein (50g) in
1 1.Blaxter's kb2 50.3 11,04 S22 h,57 +3.26 40.096
Saline/day




Experiment 2.

Three animals rec¢eived daily intraduodenal infusions of 750 ml.
of sither Blaxter's Saline, water or 1% sodiws phosphate (NazﬂP05.12320,
Egan & Moir, 1965). A aineral mix consisting of NaCl, CaCO3, CapEPO4,
Mg$0y . 7H,0, KC1 and trace elements in the ratio §0:17:20:12:8:3 (Moir
& Barris, 1962) was added to the chaff of the animal which received the

phosphate wvehicle, The sequence of treatments were as indicated below

Days Bxperimental
1«5 No infusion
6 -18 Infusion of vehicle (750 ml./day)

Sheep 52, water
51, Blaxter's Saline
b, Sodium phosphate

12 -18 First N balance collection period

19 -39 Casein (50g/day) added to each vehicle
23-29 Second N balance collection period

25 Sheep 52 removed froa experiment

because of leaking cannula
The data for N balance, DM intake, and digestibility for the two N
balance collection periocds are given in Tahkle 3.
TABLE 3. Nitrogem balance, intake and apparent digestibility of

dry matter when different vehicles were used to adminiater daily
intraduocdenal infusions of cesein tc three shesp.

DR " DN N Faecal Urinary N
Treatment istake digest- intake N N balance
(g/day) 1bf;fty (g/dey) (g/day) (g/day) (g/day)
Sheep No.%
NeEPO, (750ml . /day) 657 50,1 6.80 4,13 2,79 -0.12
Casein (50¢g/day) in
750m1 . Na HPO,, 664 50.b 13,53 h.91 5.88 +2.7%
Sheep No.51
Blaxter's Saline 639 47.3 6.81 h,22 2,67 -0.08
(750ml./day)
Casein (50g/day)
in 750ml.Blaxter's 669 ho b 13.76 5.08 5.69 +3.03
Saline
Sheep !5.52
vater (750ml./day) 655 7.3 7.18 b.39 3.56 ~0.77

Casein (50g/day) in
750al. water No data available
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SHEEP 52 (Vehicle -Water)
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i 7 77 D) Vehicle (750ml/Day)
400- Vehicle (750ml./Day)+ Casein (50g/Day)
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Fig.2. Expt. 3. A comparison of the effects on food intake

when casein (50g/day) was infused in to the duodenum in

three different vehicles.

The vehicles were 750ml, nf

(a) water, (b) Blaxter's Saline and (¢) 1% Na,HPO, .12H 0. The
infusions were for 8hr commencing at the time of presentation

of fresh food.

Little effect on food intake was apparent

. except on the first day that casein was added to the vehicles
and in (b) and (c), when the vehicle was changed to water for
one day and on the day following the intraduodenal infusion

of 750ml. water.
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There was no marked difference in DM intake between the two periods (aee
also Pig. 2) although the infusion of the casein preparation resulted in
an improved K balance. Bodyweight measurements made on Days 1, 6, 10, 13
and 17 indicated little change during this time whereas measurements made
towards the end of the casein infusion period (Daya 27 and 29) indicated

a gain as shown below.

Liveweight (kg)
Sheep Before casein During caaein
(mean of 5 weighinga) (mean of 2 weighings)

A 31.0 32.2
51 31.2 32.5
52 30.5 -
8.8. : °.1~ b

In contrast to the previous experiment an increase in DM intake by
the three shsep was evident on the first day of the addition of casein
to the vehicles (day 19, Fig. 2a,b,c). This was not evident on the
first day of vehicle infusion (Day 6). In addition, when the casein
had been infused for 11+13 days, a changs in the casein vehicle from=m
Blaxter's Saline or Fhosphate to water for one day, was aocompanied by
an increase in DM intake on that day (Day 30, Pig. 2b; Day 32, Pig. 2¢).
The infusion of water alone had no effect in one animal (Day 335, Fig. 2b)
but may have increased the food intake of the other (Day 36, Fig. 2¢).

In each instance, on the day following the infusion of water alone, a

transient increase in DM intake ccsurred.

on Days 2, 14, 18, 25 and 28 of tke previous experiment, plassa

volume, PCV and plaames protein concentration was estimated on blood
samples taken immediately before the presentation of fresh feed. The

results (Table 4) suggest a progressive hasvodilution in Sheep & and 51;
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TABLE 5.

Voluntary water inteke, faecal and

ncntm

during the intraducdenal infusion of 750ml. of vehicie alone or

containing 50g/day of casein.

balance ecollection pericds, each of 7 days.

Data from the two nitrogen

SHESP S1 SHEEP &
TREATHENT Yehicle, Blaxter's Vebiele, Sodium
_m‘ W
Voluntary water intake (ml./day)
Vehicla 729 10h6
Vehicle ¢+ sasein 1114 113
5.8. of seans ¢ 1% + 115

Vehicle
Vehicle + casein

G.E. of means

Urine velume (ml./day)

¥Yshiclse
Vehicle + casein

3.K. of means

570 867
733 986
+ 51 + 36
Faecal dry matter output (g/dey)
337 329
338 335
+ & + 9

Vehiole
Vehicle ¢+ casein

§.R. of meana

Fasocal water ouwtput (g/day)

831 783
772 654
+29 + 32

Vehicle
Yehicle + casein

8.B. of means

Faesal dry matter eontent (%)

28,9 29.7
30.6 34,0
* 0.5 : 0.8
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a similar change was not evident in sheep 52 from the available data
vhich was obtained over a shorter peried.

TABLE 4. Plasma volume (PV,ml.) packed cell volume (PCV,%) and
plasma protein concentration (PP,g/100ml.) of the three sheep

Nature SHEEP & SHEEP 51 SHEEP 52

Day of (Vchiclo.ﬂazﬁPéh) { Vehiele, (Vehicle, water)

infusion Blaxter's Saline)

PV PCV PP PY PCV FP PV PCY PP

2 Hone 1400 2 7.68 1290 36 8.16 %480 36 8.85
14 ) 1480 30 6.13 [1400 35 7.36 | 1350 3% 7.76

) Vehicle
18 ) 1480 28 6.00 {1350 3% 7.13 | 1210 36 7.50
25 ) Vehicle | 1500 28 7.00 ;1550 31 7.%1

)  plus No data available
28 ) ocsmsein | 1700 26 6.30 |1660 29 7.38

Further evidence that a change with time had oc¢curred in the water
metabolism of sheep & and 51 is shown in Table 5. The infusion of
casein tended to increase the amount of water drunk, the volume of
urine excreted and reduce the daily output of water in the faeces.
During the same period, the percentage of DM in the fasces incressed
with only & slight change iun the daily cutput of faecal DN,

Whether these ohanges in water metabolism were oaused by the
infusion of casein or by the length of time the sheep were fed the low
quality diet is not revealed by these results. They suggested that
unlses adequate facilities were available, it would be impessible to
interpret the results of further studies of ths effects of daily
infusions of casein. The effect on foed intake of changes in the
casein vehicle (Experiment 3) also pointed to the complexity of the
situation and provided a strong case for examining the effects of short
tern infusions. Subsequent work waa therefore confined to investigstiag
the effects of single 8hr intraducdenal infusions given at intervals ef
5 - 7 dags.
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TABLE 6,

Effect of casein dose rate on food intake,

fascal and urinary exsretion of three sheep.

Treatment Mean of no=infusion | Infusion Day after that of
control days infusion

Food intake (g DM/day)

Blaxter's 3aline 497 + 10 529 + 23 451 + 23

50 g casein 527 ¥ 10 575 % 23° 489 ¥ 23

75 g casein 513 ¢ 13 467 ¥ 29(*) 520 ¥ 29
Voluntary water intake (ml./day)

Blaxter's Saline 903 + b9 500 + 109** 733 « 109

S50 g casein 897 ¥ 65 883 ¥ 145 792 3 145

75 g casein 932 + 65 858 + s 750 + 1%s
Urinary volume (ll./dq')

Blaxter's Saline 227 + 13 17 ¢ 29*¢ 277 + 229

50 g casein 232 3 1% 10 & 314+ 298 ¥ 31

75 g casein 23k 3 24 568 3 53°° 287 % 53
Faecocal dry matter (g/day)

Blaxter's Saline 270 + 2 266 + 11 260 +» 1

50 g cmsedn 277 ¥ 270 ¢+ 8 29% 3 8%

75 g oasein 273 ¢ b 230 % 9 267 % 9
Fascal water (g/day)

Blaxter's Saline 510 + 13 520 ¢+ 30 o1 + 30

50 g casein 525 % 13 545 ¥ 29 556 + 30

75 g casein h38 3 16 611 % 36°° 506 % 36
Fascal nitrogen (g/day)

Blaxter's Saline 3.43 + 0.07 3.33 » 0,17 3.27 + 0,17

50 [ 4 casein 3.” + 0.05 “.” z 0,124+ 3.31 + 0,12

75 g casein 3.4h 3 0,18 k.38 § 0.39" 3.80 ¥ 0.39
Urinary nitrogen (!/dnl

Blaxter's Saline 1.98 ¢+ 0,12 2.18 ¢+ 0,27 2.01 + 0.27

30 g casein 1.97 $ 0,09 h.23 3 0.20** 2.73 % 0.20

75 g oasein 2.00 : 0,22 ‘~071 'l' Oi’o.- 3.3’ 1' 0. ,0
Faecal nitrogen concentration (l‘l/1 Dﬂ)

Blaxter's Saline 12.61 0 001, 12.50 'l' 0.5} 1' O.b)

50 g easein 12,54 3 + 0,19 16.37 3 * 0. h2se z 17 $ 0,42

7% g casein 12,36 $ 0,51 18.75 3 1,14+ 1%.39 ¥ 1.14

bl ficantly different from coatrel wvalue
(. "‘.0.10; . p< 0;0’. s "(0.01
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Fig.3. Expt. 5. Effect of intraduodenal infusions of
750ml. Blaxter's Saline alone (Saline) and containing
50g casein (Casein) on (a) food intake and (b) voluntary
water intake. Mean of four sheep. Infusions were for
8hr commencing at the time of presentation of fresh food,
On the first of two infusion days, two sheep were given
Saline and the other two, Casein. On the second infusion
day, six days later, the treatments were reversed.



B, SOME EFFECTS OF SINGLE INTRADUODENAL INFUSICNS OF CASEIN

Experiment 3.
incressed food and water intake on the day of infusion aore than did

a similar infusion of Blaxter's Saline (p<0.05, p<.0.01 respectively;
Fig. 3)« The infusion of Blaxter's Saline was, in fact, accompanied

by a mean decrease of 270 ml. in the amount of water drunk (statistically
not significant). It was without obvious effect on food intake. Ne
atatistically aignificant effects were detested on the day after

infusion although thers was a mesn deorease of 364 ml, in voluntary

water intake on the day after the iafusicn of dasein.

Experiment 6. The effect of dose rate of casein wee exssined using
three sheep of similar livewsight, age and history. The treatments,

applied at six day intervals in a 3 x 3 latia Square arrangement, were
intraduodenal infusions of:

1. 750 al. of Blaxtar's 3aline,

2. Casein (50g) in 750 ml. of Blaxter's BSaline,

3. Casein (75g) in 750 ml. of Blaxter's Saline.

Ca each infusion day, blood samples for estimatior of packed cell
volume, 602 and plasma amino acid content were taken immediately before
the start of infusion and &, 8 and 24hr later. Ritrogen balance was
estimated during the six days preceding the first infusion day.

Yor each treatment, the dsta for food and water intake, faecal and
urinary excretion on the day of and the day after that of infusion were
cospared vith the same expressced as the mean of 5 daya; the 3 days
immediately preceding that of infusion and the secoad and third days
following iafusien (the "eontrol daya™; Table 6).

Ths treatasnts differed ia their effect om foad intake., Compared
with the centrol days, foed intake was increased on the day of infusiea
of 50g casein but was deoreased when 75g casmein was adwinistered (Table 6).
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Voluntary water intake was reduced on the day of infuasion of
Blaxter's Saline. This was in cortrast to the effects of the twe
casein treatmesnts, neither of which had obvious effests on that day.
On the day after infusion, decreasess in drinking were recorded with
all treatments; they were not statistically significant.

All treatments were acccmpanied by an incrsase in urinary volume
on the day of infusion; the greatest being recorded when 75z casein
was administered.

Faecal dry matter output was reduced on the day of infusion of
75g casein, In contrast, a sinilar effect was not apparent shen 50g
casein was adainistered; instead, an increase was recorded on the
day after infuasion. Both casein treatzents tended to increase the
faecal excretion of water on the day of infusion; only that for 75g
casein was statistically significant.

on the day of infusion, hoth casein treatments elicited an
incorease in the output of nitrogen in the faeces and urine. Faecal
nitregen concentration was also increased. increases of lesser

magnitude were observed on the day after infusion.

Nitrogen balance as sstimated on each sheep at the start cof the

experiment indicated a2 daily net loss of 0.59, C.63 and 0.59 g nitrogen.

Apparent water retention (Table 7). Compared with the control days,

total water intake was increased on the day of infusion by all three
treatments. 1t was most marked when casein was infused. Although
the three treatments were accosmpanied by an irnerease in water output
oa the day of infusion, apparent retention increased on that day. It
wvas partioularly striking in the case of the 50g casein treataent, the
only one %o elicit an incresse in food intake. DBoth total water
iatake and apparent water retention were reduced on the day after
infusion.
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Fig.4. Expt. 6. Effect of intraduodenal
infusions of 750ml. Blaxter's Saline containing
, 50 and 75g casein on (a) plasma amino acid

concentration. (b) packed cell volume and
(¢) blood COp content. Mean of three sheep.
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Bloed characteristics. FPlasma aminc acid conceatration rose more

after the infusion of 75g casein than of 50g casein; no change waa
detected when Blaxter's Saline was infused (Fig. 4a).

There was no difference detween tremtzents in their effeot on
packed cell volume (PCV, Fig. 4b). Blood €O, content decressed
during the day of infusion of Blaxter's Ssline to a minimum at the
8hr sampling whereas for the two casein treatments, it tended toward
a saxisuxm at that time (Fig. 4¢). In contrast to eamples taken
immediately before the atart of infusion (Ohr), significant differences
existed between treatments in the case of both PCV (p< 0,01) and bloed

CO, sonceatration (p<0.05) at 2khr.

TABLE 7. The #ffects on apparent water reteantion
of intraduodenal infusions of O, 50 and 75g casein.
Data from Table & and are the mean of three sheep.

Total water intake Water output Apparent

Experimental retention
period (water drunk, in (fascal +
feed & infusmed urinary water,
ml./day) ml./day)

BLAXTER'S SALINE
Mean of control

days 991 737 + 254
Infusion day 1343 837 + 506
Day after infusion 813 768 + &s

50g CASEIN
Mean of control
days 950 757 + 233
Infusion day 1735 955 + 780
Day after infusion 878 854 + 2b
7%g CASEIN
Mean of control
days 1023 722 + 301
Infusion day 1690 1179 + 511
Day after infusion 8a2 793 + b9

On completion of the above experiment, two of the sheep were

used in an attempt to obtain additional evidence on the effects of
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¢asein dose rate on foed intake. Intraducdenal infusions of 1, 2 and
hg casein/kg liveweight in 750ml. Blaxter's Saline were made at six
day intervals. Thers were three 18 day periods during each of which,
esch treatment was administered to each animal. The sequence of
treatments in each period was selescted randomly.

In one sheep (No. 42, Table 8) the magnitude of the increase in
food intake decressed with increasing casein dose rate whereas in the
other, the 2 g/ktg B.W. treatment elicited a greater increase than did
the lg/kg B.W. treatment.

TABLE 8, Effeets on food intake of intraducdenal

infusions ¢f 1, 2 and &g casein/kg body wei ht,
Hean of three ocbservations.

Mean inteake on

Cagein dose  the 3 days Intake on day of Mean intake on the
rate preceding that iafusion 3 days following
(g/kg B.W.} of infusion infusion.
(g DM/day)
SHEEP k2
1 638 755 615
2 6438 708 600
b 615 632 632
5.E. of means + 21 + 37 + 21
SHEEP 56
1 582 671 588
2 976 695 581
b 598 627 578
8.E. of means 11 + 19 + 11

It was chserved in Experiment 3 that wileas changes were made in
the nature of the infusion, daily intraducdenal infusions of casein
were apparently without obvious effects on food intake. One such
change appeared to be an intraducdenal infusiorn of wateri when this
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TABLE 9.

The sffests of preceding Shr intraducdenal

infusions of casein and of Blaxter's Saline by 16hr
intraducdenal infusions of water,

e
Experimental Blaxter's Saline Casein (2 g/kg B.¥,)
period * Sheep No. ' Sheep No.
75 116 117 7% 9£ 116 17
Pood intake (g Di/day)
Mo - infusicn comtrol 550 56 557 &95 555 552 576 524
Day of infusion +56 jg +23 ~18 [ 4106 #1545 478 +177
Nean of 75, 9% & 116 +h8 +110
Pood intake (g DM/0-8hr)
Ko - infusiom eontrol &1k k72 &40 278 507 451 433 2%6
Day of infusion 202 =23 AN 15 | 369 270 oS -176
Mean of 75, 94 & 116 -12 +61
Voluntary water intake (ml./day)
No -« infusion contrel 1450 1450 1206 906 | 1410 1188 112 816
410 -850 -306 906 | »1 - -816
Mean of 75, 9 & 116 ~422 +11%
+
Fascal dry satter (g/day)
No - infusion cemtrol 299 326 329 239 328 319 360 263
Day of infusion +40 432 11 68 | 226 #1118 56
Mean of 75, 94 & 116 +28 -11

* No ~ infusion control ie the mean of the four days preceding the

water infusiea.

Data for the day of infusion have had the no-infusion controls

subtracted fros them.
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was followed by an intraducdenal infusion of casein, amn increaze in
food intake resulted. In the present experiment, the effecta of a
preliminary infusion of water on those of an 8hr intraduodenal
infusion of casein were examined.

To do this, a simple reversal experiment was carried out with
four sheep in which previocusly an intraduodenal infusion of casein
had been found to have a mildly inhibitory effect on food intake (see
Experiment 12, Chapter 3)., During the period «1€ - Ohr, each of the
four shesp were given an intraducdenal infusion of 1000 ml. water,
then, in the pericd 0 - 8hr, two of the animals were given an intra-
duodenal infusion of 750 ml, Blaxter's Salipe and the other two, 2g
casein/kg B.¥%. in 750 ml. Blaxter's Saline. The trsatments were
reverased for the animala when the infusions were rapeated 7 days later.

The results for food and voluntary water intake and faecal dry
matter output for each animal are preasented in Table 9. For three of
the shesp, there was a szall increase (of the order of 10%) in the 2khr
food intake when Blaxter's Saline was infused, and a larger increase
(of the order of 20%) when casein wae infused. As judged by the
amount of food eaten at the end of the 8hr casein infusion, the time
course of these effects differed. VFaecal dry matter cutput was
increased on the day of infusion of Blaxter’s Saline, whereas a
decreasse accospanied the caseirn infusion,

The results obtained from the fourth animal contrssted sharply
with those obtained from the other three. This anisal (Ne. 117) ate
little during the 8hr of casein infusion and did not drink aay water
on the days of iafusion, The effects of the two treatments on faeeal
dry matter ocutput were more exaggerated than those detected with the
other three animals.
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It will be recalled that previcusly the intraduodenal infusion
of casein had failed to increase the food intake of these enimals.
The prior infusion of water -~ or some factor associated with that

procedure - apparently aay modify this response.

It was reasoned that if the prior infusion of water could nodify

the response to casein infusions, the volume of water in which the
casein was administered might be an important factor determining the
effects of the infusion. An experiment was therefore carried out in
which the same quantity of the same solutes was given with different
emounts of water. The solutes consisted of casein (2 g/kg B.¥.)

plus the salts contained in 750 ml., of Blaxter's Saline. These
solutes made up in 750 ml. of diatilled water were reagarded as
isotonic with the duodenal contents. A comparison was made of the
effects of an infusion of 750 ml. of the "isotonie"™ casein preparation
with (1) the same treatmant following an infusion of 1000 ml. of water,
and (2) infusions of "hypertonic” and *hypotonic" casein preparations,
made by dissolving the solutes in 400 ml. and 1500 ml. of distilled
water respectively. In each case, the casein infusion was given over
8hr, starting at the time fresh feed was offered. The osmolalities
and rates of infusion of the various preparations are given in

Table 10.



TABLE 10. Csmolality, volume and raute of infusion of the
casein vehicles and the preliminary infusion of water.

Oamolality Volusme Infusion rate
Trenmant (mosn/kg H,0) (n1.) (m1./nin)
B i

HYPERTCRIC 398 Loo 0.83
(concentrated
Blaxter‘'s Saline)

ISOTONIG 213 750 1.56
(uamodified
Blaxter's Saline)

HYPOTONIC 106 1500 3.12
(d4lute Blaxter's
Salire)

WATER PRIMING (Water)
(As for Istonie 0.02 1000 1.C4
with 1600 &1.320
infused during“the (Blaxter's Saline)
preceding 16hr) 213 750 1.56

The four troatments were applied to four sheep im a & x & latin
Squeres arrangement with seven day intervals between infusions. It
was planned to use eight shesp sc that concurrent infusioans of
vehicle only ¢ould be made., Four of these were rejected at the
. start of the experisent;, three because of leaking duocdenal cannulae
and one because it persistently voided faeces of low dry matter
content (10 - 15%). The treatments were also administered to sheep
No.117, the animal which in the previous experiment, reduced food
intake when the casein preparation was givan, The results for this
animal are presented separately.

Blood samples for plasma amino soid comcsntration estimation
were collected 6,5hr after the start of the infusion on the four
Anfusion days.

Samples of duodenal contents (10 ml.) for osmolality estimation
wore collected from each sheep immediately before the presentation
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TABLE 11, Effect on feod intake when intraduwodenal infusions of
casein (2 g/kg B.¥.) were either varied iz volume and solute

soncentration or preceded by an intraducdenal infusion of water.
Mean of 4 sheep.

Intake on day Intake on day
Treatment Mean control of infusion leas after infusion less

control intake control intake
(a) TFood intake (g DH/O - 2bhr)

Hypertonie 671 * 2 - 12
Isotonic 648 + A8 + 61°°
Hypotonie 676 + 98¢ - 20
Water priming 670 + 96°* + 28
8.E. of seans + + 1 + 19 + 1%

(b) Food intake (g DM/0C - Bhr)

Hypertoniec 539 “ R + 23
Isotonis ,;z + G4 + 67>
Hypotonis 5 + 70* - 30
water priming 539 + 62¢ + 38
$.5. of means + + 6 + 27 + 18
{e) Food intake (g DM/8.24hr)

Hypertonic 134 - & - 33
Isotonic 122 - 16 - 6
Hypotonisc 121 + 28 + 10
Water priming 129 . 3b -9
8.E. of seans ¢+ + 8 + 19

i+

1%

* Significantly differeat from control intake, p 0,057 ** p» 0.01
+ Required difference for aignificance between meansy

8.B. x 5.2,140.05
§.85. x .6,)40.01
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of fresh feed and bhr later on two days prior to the first infusion
day. Samples sere obtained by sllowing the contents to flow out

the opened cannulae.

Statiaticsl analysis of results. To reduce the confounding effeets
of between animal differsnces and to enadle an estimate to be made

of the significance of differences betwesn the treated and the
untreated state, '‘no~infusion” controla were calculated for each
paraseter. These were the meana of six days - the fourth, third

and second deays before infusion and the second, third and fourth days
after imfusion. Yherever an infusion was made, a separate no-
infusion control was calsulated for each sheep and each parsaster.
Analyses wers made to snsure that there smere no significant differences
between the means of the thres pre-~infusion days and the three post-
infueion daye. The data for the day of ianfusion were converted to
differences by subtracting from eack the appropriate no-~infusion
sontrol. This was repeated for the day after infusion and, in some
cases, the day before the infusion. The ¢onverted data for the

whole experiment wers then subjected to analyses of variance and
significant differences between treatment and bstween treataents and
their dontrols were located by tha "t" test. The treatzment means

and their standard errors are presented for eash treatment. In the
cagse of fascal dry matter cutput, the oontrol was not validd; significant
differences occurred between the pre-~ apd post-infusion days.

Separate analyses of varisnce were perfersed on each day's data.

Food intake on the day of infusion sas greater for the hypotonic and
wmater prising treatments than for the hypertonic treatment (Table 11a),
The inorease recorded for the hypertonic trsatment was not statistieslly
signifisant. The trend towards inc¢reased food inteake with decreasing
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vehicle tonicity (or increasing vehicle volume) was significamt

(p = 0.024). The majority of the increase in food intake oecurred
during the Shr infusion period (Table 11b)} there were however,
increases which approached significance during the 16hr following

the infusion of the hypotonic and water priming treatments (Table 11c).
The isotonic treatzent was the only one to elicit a statistically

eignificant increase in intake on the day after infusion (Table 11a),

Voluntary water intake on the day of infusion was decreased by the
hypotonic treatment but increased by the hypertonic treatment
(Table 12). The trend towards decreased drinking with decreasing
vehicle tonicity {(or inereasing volume) was highly significant

(p = 0,002).

TABLE 12. Effect on voluntary water intake when intraducdenal
infusions of casein (2 g/kg B.¥.) were either varied in volume
and solute concentration or preceded by am intraduedenal
infusion of water. Nean of b sheep.

Hean Day before Day of Day after
Treatnent control infusion less infusion lesa infusion less

intake control co?trol control
Hypertonic 1819 + 69 + 869°** - 106
Igotonie 1796 - 77 + 136 - 43
Rypotoaie 1810 -278 - 535°* - h35°
Water priming 1792 «104 - 298¢ - 167
8.5. of means * 43 +192 + 137 + 184

S8ee Table 11 for requiremeats for significance
All treatments reduced the amount of water drunk on the day
after infusion but only that for the hypotonic treatasent was
statistically significant. The infusion of water that preceded
the casein infusion in the water prising treatment had no obvious

effect on voluntary water intake during the day bdefore casein
iafueion.
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Fig.5. Expt. 8. The mean effects of the treatments on

+ food intake compared with those on faecal dry matter

output. The effects of the water priming treatment on
faecal dry matter output differed from the mean of the
hypo-, iso~- and hypertonic treatments and are therefore
shown separately. The number of observations making up
each mean is indicated by n and the S.E. of each mean by
the vertical bars.
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Fagcal excretion (Teble 13). Less faeces were voided on the day of
infusion. The consequent reduction of fascal water cutput was
significant (compared with the cutpat during the control days) in the
case of the water priming, isotonic and hypotenic treatmenmts (Table 13).
TABLE 13, [Excretion of mater in the fasces when intraducdenal

infusions of casein (2 g/kg B.W.) were either varied in volume

and tonicity or preceded by an intraduodenal lafusion of wmater.
Mean of 4 sheep.

Mean of Day of infusion Day after infusion
Treatment controla less control lens control

(a) Faecal dry matter (%)

Hypertonic 31.6 - 0,9 - 13
Isotonis 29.9 + 1.1 + 2.2
Hypotonic 32.1 + 1.5 + 1.4
Eater priming 30.9 + 1,8 + 1.4
5.E. of seans +0.6 + 1.4 + 1.h
(b) Faecal water ocutput (g/day)
Hypertonic ahh - 55 + 56
Isotonic 917 -185** - 33
Hypotenie 848 -165** - b
Water priming 906 ~168%* - 10
5.E. of means +30 + 32 + 57

See Table 17 for requirements for significance

Effects on the output of faecal dry matter were less marked (FPig.5).
The hypertonic, isetonic and hypotonic treatments elicitsd a small
decrease in outpus on the day of infusion; 3ihis was fellowed by an
inerease during the subsequent two days. The effects of the water
priming treatment differed from this pattern in that dry matter output

was 8lso reduced on the day before casein infusion; & more transient
increase followsd infusion.

Urinary volume was inoreased dy all treatments on the day of infusion.
The increase observed for the hypertonic treatment was greater than
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-TABLE 15. Changes in apparent water retention when
intraducdenal infusions of casein (2g/kg B.¥.) were either
varied in velume and tonicity or preceded by an iantraduodenal
infusion of water. Data obtained from Tables 11 « 14 and
are the mean of four sheep.

Water iaput Water output Apparent retention

Experimental (water drunk, in (faecal plus
period feed & infused) urinary water) (imput-output)
An)./day)
Rypertoaic treatment
Mean of controls 1937 1454 + h83
Infusion day 2811 2025 + 786
Day after infusion 1829 72 + 357
Isotonic treatment
Mean of controls 1910 1459 + bt
Infusion day 2805 1636 +1169
Day after infusion 1878 1309 + 569

Hypotonic treatament
Nean of controls 1929 1427 502
Infusion day 2211 11?‘} +1337
Day after infusion 149 1415

Water priming treatment

Mean of controls 1910 1454 + b56
Infusion day % 1553 + 826
Day after infusion 1 1457 * 29N




those of the other three treatments (p< 0.10). A merked inerease in
urine volume was observed on the day before casein infusion when an

infusion of water preceded that of casein (water priming treatament).

TABLE 14, Urinary volume when intraducdenal infusions of
casein (2 g/kg B.W.) were either varied in volume and tonicity
or preceded by an intraducdensl infuwsion of water. MNean of &

sheep.
Mean Day bvefore Day of Day after
Treatment control infusion less infusion less infusion less
volume ¢ontrol eontrol control
> 3
Nypertonic 610 + 148 + 626°* - 38
Isotonic 5h2 + 54 + 362° - 117
Rypotonic 579 o + 312+« + 32
Water priming S48 + §35°° + 267 + 13
S.E. of means + 25 + 90 + 123 + 58
3ee Table 11 for requirements for asignificance.
Apparent water retention on the day of infusion of the hypertonic,

isotonic and hypotonic treatments tended to increase with increasing
volume (or decreasing tonicity) of the casein vehicle; it wss greatest
for the hypotonisc treatment, the one that elicited the greatest increase
in food intake (Table 15). These differances appeared to arise through
changes in water output rather than changes in water input. In
contrast, the reduced apparent retention on the day after the infusion
of the hypotonic dreatment was a reflection of reduced input on that
day. Although the water prising treataent had an effeet on food futake
similar to that of the hypotonic treatment, it differed in ite effect
on apparent water retention. However, the volume of water infused on
the day before that of casein infusion snd not accounted for im the
urise was 465 ml. (1000 - S35, Table 14), Inclusion of this in the
water input for the day of caseln infusion results in an apparent
retention value which resambles that of the hypotonic treatment.
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Nitrogen excretion (Table 16). The treatments did not differ

significantly in their effect on urinary nitrogen output or faecal
nitrogen concentration. Small increases were obeerved in urinary
aitrogen output on the day after the imfusion of the hypotonic and

water priming treatments. They were not statistiocally significasnt.

TABLE 16, Urinmary nitrogen output and faeozl nitrogen
conoentration when intraduodenal infusions of casein were
either varied in volume and tonicity or preceded by an
intraduodenal infusion of water. Mean of 4 sheep.

Hean of Day of infueion Day after infusion
Treatment controls less control leas control

Urinary nitrogen (g/day)

Hypertonic 2.92 . 24300 - 0.1%
Isotonic 2.8 + 2.00** - 0,36
Hypotonic 2.97 + 2,h2%° + 0.45
Water priming 2.86 + 2.03%° + 0.41
3.E. of means + 0.1 + 0.56 + 0.29

Faecal nitrogen (mgN/g DH)

Hypertonic 1%.13 + 1.10
lsotonis 1“0}“ + 1.“
Rypetonic 13.67 + 1.20
Water prising 13.77 + 0.88
8§.E. of means :0.20 : 0-68

See Table 11 for requirements for significance.

Plasua anino acid concentration 6.5hr after the start of the hypertonic
and isotonic infusions was lower than that observed with the other

infusions. ZThe differeance was not statistically significant. The
data, show: below, are expresaed as mg amino acid X/100 ml. plassa.

Treataent Amino acid concentration
Isotenie 9:”
Hypotonie 10.26
¥ater priming 10,00

8.B. of means + 0.48



Osmelality of duodenal contents did not differ significantly either
betwsen sheep or time of day (Table 17). The overall means for each

day were significantly different (p<0,01),

TABLE 17. Osmolality of duodenal contents (mosa/kg lzo).
Mean of duplicate estimations.

Day and time of saspling

Sheep Day 1 Day 2
Ohr bny Ohr bhr
75 214 222 218 213
&7 228 223 218 21%
94 225 224 21% 208
112 221 218 212 206
117 223 228 21h 215
Daily mean (: 8.8.) 223 + 1.2 213 * 1.2

The e#ffectis of the treatments on faecal dry matter output,
food and voluntary water intake of sheep 117 are given below, The

data are expresced as that for the day of infusion less the mean of

the six control days.

Yood intake (g DN) Voluntary Water Facoal DN
Treatment intake (ml.) output (g)

Q=2hhr 0-Shr 8-2bhr

Mean of

control days 578 31k 264 998 321
Rypertonic + 29 + 8 -85 + 967 - 29
Isotonic + 92 #209 117 + 154 - 22
Bypotonic +122 #1173 « 5 - 167 - 57
Water priming +125 4+ 68 + 57 - 546 - 55

In contrast to the results of EBxperimsnt 7, the effects of casein
infusions were comparable to those odbserved with the other four sheep.
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DISCUSSION

A characteriatic feature of the present experiments was the
variable effect of the daily intraduodenal infusion of nasein on food
intake. This contrasts sharply with the results of Egan (196%5a).
Using an unspecified casein preparation and s diet of low quality
sigilar to that used here, he apparently found mo difficulty in either
saintaining or repeating an increase in food intake during prolonged
periocds of dailly infuaions of ¢amein: at lsaat there is no refersnce
in his pudblished papers (Egan, 1965a, b, ¢) to such difficulty.

The source of variability did not appear attributable to poor
retention of the infused K. Even though the daily casein infusions
resulted in an improved N status, an increase in intake of the order
subsequently elicited by asingle infusions was not observed (Experiment
2 and 3). A positive relationship between N status (g N retained/kg
B.?.Q‘7§/day) and energy intake (Egan, 1965b) evidently did not apply
in the experiments discussed hare.

The increases in foed intake observed on the firet day of casein
infusion or when the vehicle which contained the casein was changed
from either scdium phosphate or Blaxter's Saline to water for one day
(Experiment 3), suggeats that the diet was pot the primary cause of the
lagk of reaponse. They do suggest that the inerease in food intake
may be dependsnt on short term changes oseurring within the animal,
induced by changes in the nature of the intraduodenal infusicn.

S8ingle infusioms of cassin resulted in more cansiittut increases
in food intake. The response was modified by several factors:-

(a) Dose rate. The tendency for a decreased response with the
infusion of increasing asounts of casein suggests the likeliheood of an
inhibitory effect at the higher dose rates, The results suggest at
least three possible causes:-



(1) A change in the csmotic comditions normally prevailing
in the lower gut, brought about dy a failure ¢f the sheep to adbaorbd
completely the casein infused at the higher dose rates., Support fer
this is indicated by changes in faecal water, H output and concentration
on the day of infusion (Table 6).

(14) Some degree of inhibition of gut motility: there was a
decrease in faecal DM output on the day of infusion (Tadbles 6, 9, Pig.5)
even when an increase iz foed intake scourrad. Alternatively it is
possible that this say have resulted from a temporary ipcreass in the
digestive capacity of the lower gut.

(114) Changes ia blood composition: In Experiment 6, the
levels of blood CO, and POV recorded 24hy after the start of infusien
were different from those observed at Ohr, indicative perhaps, of a
substantial load imposed by the casein infusions on the homecstatic
mochasisns,

A positive linear relationship bvetween dose rate and foed intake
observed by Egan (personal communicaticn, see also Egan, 1965b) was not
obtained in the present experiments.

(b) Nature of the infusion. The magnitude of the increase in food

intake depended on the nature of the vehicle in whigh the casein was
contained. The design of Ixperiment 8 dces not permit a distinetion
to te made between the effects of tonicity and volume of vehicls, the
vohicle itsell and the interacties between casein and vehicle. It
appears nore certain that a preliminary infusion of water facilitated
an increase in food intake during and shertly after the subsequent
infusion of casein. The results of Experisment 7 suggest that the
increase depended on the c2sein component of the infusion and not ths
vehicle, A comparison of the effects of the isotonic and water
priming treatments in Experiment 8 indigate that the water infusion did
in faet, enhancé the effects of the isotonic treatment.

Th
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(¢) State of the animal. The performasce of sheep 117 in
Experiment 7 and 8 suggests that conditions prevailing within the

animal is of importance in determining the effects of casein on food
inteke and that this may change quite rapidly. The increases in
intake for the other three animals when the casein was infused
(Experiment 7) rather than a decrease as previously ebserved may also
be partly attributable to a change of conditions within the sheep as
well as the effecte of the prelizinary infusion of water. The naturs
of the changes involved are unkacwn.

The present experiments do not provide unequivecal evidence as to
the mechanism whereby increased focd intake was elicited by intraduodenal
infusions of casein. There are however, at least three observations
- which seem to be of some moment.

(1) Site of actiou. vhen single infusions of casein were made, the

increase in food intake occurred mainly during the 8hr inlusion period
Tables 9 and 11), The decrease in inteke by sheep 117 {(Experimant 7)
occurred entirely during the period of infusion. It would seem that in
contrast to the conclusion of Egan & Moir (1965), the possibility of
casein acting directly within the ducdenum to influence food intake ocan=-
not be discounted,

(2) Plasme amino acids. There was no clear relationship between

plassa asino acid soncentration and food intake. In Experiment 6, the
infusion of 50g casein resulted in & greater inorease of food intake and
a sasller elevation of plasma amino acid congentration than did 75g
casein. Im contrast, those treatments in Experiment 8 which elioited
the greatest increase of food intake, also increased plassa amine acid
levels the most. It is to be reazembered however, that no statistically
significant differences were observed betwesn these treatments in their
offect on plasma aminc agld levels.



76

(3) Nater metabolism. Inoreased voluntary water intake, reduced
faecal water output and possibly a hasmodilwtion, suggests that daily
intraducdenal infusions of casein had an effect on water metabolism.
Single infusions had a marked sffect on the amount of water drunk, the
route of water excretion and apparent water retention. The increased
requirement for water may be partly attributable to inereased urinary N
excretion and food intake, but the effectz on food intake of an infusion
of water prior to the infusion of casein (Experiment 7 and 8), suggest
an intimate relationship between water metabolism and incressed food
intake.

it is evident that the effects of the casein infusicns on food intake
are complex: the net effect appears to be the result of several inter~
goting factors, Further consideration is given to their nature and

impertance in subsequeni chapters of this theais.



CHAPTER 3

OBSERVATIONS ON THE NATURE AND ATION OF THE MECHANISKS INVOLVED

IN THE EFFECT OF PROTEINACEOUS INFUSIONS ON FOOD INTAKE

INTRODUCTICH

The experiments described in the previous chapter eastablished that
single 8hr intraduodenal infusiocns of casein may result in an alteration
of food intake. The effects were varisdble. On some occasions, an
increase in food intake occurred; on others, obvious effects were absent,
whereas on others again, an apparent inhibition of intake was recorded.

Identification of the site or sites of action of casein is likely
to provide an importaant clue as to the mechanisms involved in bringing
about these effects.

In atudies with sheep fed a low quality roughage, Egan and Moir
¢oncluded that the imcrease in food intake observed when casein was
adainistered either orally (Egam, 1965b) or into the dmodenua (Egan & Moir,
196%; Bgan, 1965a) was not due solely to increased activity of the rumen
microorganisss. In the preseat work, ths same conclusion is suggested
by the observations that the magnitude of the increase in food intake
could be modified by changes in the nature of vehicle in which the casein
was administered and by intraduodenal infusicas of water immediately
prier to that of casein,

It might be loglcal to propose that the increase im food intake
results froa the pressnce of casein or its degradation products either
ia the gut caudal to the stomach or in the hody tissues, respectively
before or after absorpticn. Some indication as to the site and/or
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mechanisss involved may therefore be given by the temporsl relatioaships
between infusion end effects. In the experiments reported in Chapter 2,
when an incresse in food intake occurred, it appeared to take place
mainly during the period of casein infusion. In contrast, in their
experiments with cssein infusions, Egan & Moir (1965) found the incresse
in food intake to occur not during the period of infusion itael? but inm
the succeeding 4Ohr. Clearly, a more precise definition of the
tesporal relationshipe under the present experimental conditions is
required.,

Additional information as to the sites and mechanisss of action may
be obtained by examining the effacts of different amino acid-containing
materials.

In the first instance, these may be administersd to different
regiona of the lower gut ~ the duodenum, the jejunu=m, the ileus or even
the most crsnial regions of the hind gut. In the present investigation,
emphasis has been directed towards the intraduodenal infusion of protein
material at different atages of hydrolysis - protein, a peptide-
 containing hydrolysate end a mixture of aamino ecids.

In the second instance, 2 compariscn of the effects elicited by
administering similar asino acid-containiang preparations into the
ducdenus and into the jugular vein mey be a useful analytical procedure.
Infusions into the jugular vein mey represent an artificial situation
only achieved under experimental conditions because im it, the material
is presented direotly into the general circulation. This contrasts
with the normal events 0f absorption where the majority of protein
digestion products pass directly to the liver by way of the portal vein.
Jugular vein infusions may therefore espbasigze sechanisme other than
those associated with the gut, the portal vein or the liver.



The four axperiments reported im this chapter are:
() Expt 9. An examination of the effects of imtreduodenal
infusions of casein om the circadian patterm of feood and water intake.
(b) Expt 10, A comparison of the e¢ffects of intraduodemal
infusions of cagein and caseia hydrolysate.

(¢) Expt 11. An examination of the effects of intraduodenal
infusions of ea amine acid mixture.

(da) Expt 12. A comparison of the sffeects of intreduodenal
infusions of casein and intravenous infusioas of casein hydrolysate.

The rezults of these experisents suggest that several mechanisas
are likely to de involved in the effectz on food intake of infusions
of proteinacecus materials. In particular they point to the

importance of water and electrolyts metabolissm.

MATERIALS AND METEODS

Experimental design

Experiment 9. Three treataents were applied to three sheep (28 - 35kg B.W.)
in 2 3 x 3 latin Square arrangement. The treatments were applied four
times at seven day iatarvals and involved the following intraduodenal
infusions:

Treatment A, S0g casein im 500ml. Mlaxter's Saline infused over
a Ohr period commencing at the time of presemtatisn
of fresh food (i.e. O - 6hr infusion).

Treatment B. As in A but infusion 6hr later (i.e. 6 - i2r
infusion).

Treatment C. As in A but givem 4n equal parts during the periods
3« 6and 9~ 12ar. In addition, water (250ml.) was
2ntucld.dnrﬁng the peried O - 3hr and again at

"”c



Experiment 10. One sheep was given an intraduodenal infusion of
casein and another, am intraduodenal infusion of casein hydrolysate.
¥hen repeated eight days later, the treatments were reversed batween
the two sheep.
Experiment 11. Intraducdenal infusions of a solution containing
amino acidas aad, &s a control, a salt solution, were given to four
sheep (25 -~ 31kg). They were given at five day intervals in the
order salt sclution, amino acidas and were repeated so that each sheep
received each treatmeunt twice. Two sheep received the infusions one
day later than did the other two.
Experiment 12. Four treatmeats, applied to four sheep at seven day
intervals in a 4 x & Latin Square arrangement were:
A. Intravencus ianfweions of
(1) 0.9% KaCl
(2) Casein mydrolysate, aad
B, Iatraduodenal infusions of
(3) Blaxter's saline
(4) Casein in Blaxter's Saline.
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. TABLE 18, Composition and details of infusion of the ___
_ solutiona used in Experiments 9, 10, 11 and 12.
: Route Nitrogen Volume Infusion Nitrogea
‘Treatsent Expt of Solutes pH content infused rate dose rate
: : infusion (mgN/100m1.) (=l.) (al./min.) (gN/kg B.W.)
9 i.d. As for Blaxter's 1400 500 1.39 0.20-0,.25
Saline plus caseim- 5.9
Casein . 10g/100ml.1n Expt 9}
10 & i.d. 2g/kg B.W. in 890-1050 750 1.56 0.28
12 Expt 10 & 11. - :
10 i.d. %w/v
Alg 0.15% '
_ Casein * Na, 0.03 5.5 820 890-1000 1.8%-2.08 0.28
hydrotysate (D 0.01
: 12 i.v,. Amino acids 60g/1.
Aminro acid As for Salt 8olution
mixture * 1" i.d. (see delow) plus - 5.4 530 1500 3.13 0.26-0.32
(A 25m-equiv/1.
Amino acids 33.3g/1.
. m-equiv/1.
Na 105.5
Blaxter's K., S5.b
Mg L.2
cle® 115.8
PO, ' 8_7
"
Isotonic f m-equiv/l
saline * 12 i.v. Na 154.0 - - 890-1000 1.85-2.08 -
cl’ 154.0
. m=oquiv/1.
Na 1107
Salt 1 1.4, X', 2.3 5.5 - 1500 3.13 -
M .
Solution cgo 10,3
CH_COO* 11.7

Sofvitol 33.3g/1.

® séluto composition as given by the manufacturers.
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Selutions and their infusion. ZExcept in Experimest 9, all infusions
were for an Shr period commencimg at the time fresh food was preseated

(9.00am). Intravenous infusions were made into the jugular vein
ueing a gravity fesd systea. Details of the infusion solutione, their
volume and rates of infusion are given in Table 18.

Casein, ite nature and preparation for infusion were ae
described previocusly (MHethods, Chapter 2). This was infused into the
duodenum in Experiments 9, 10 and 12.

Casein hydrolysate was a sterile 6% solution of asino acids
and peptides derived from casein by acid hydrolysis, fortified with
dl methionine, 41 tryptophan and glycine ("Parenamine", ¥.Stearns and
Coy, S3ydney). This was used as an intraduodenal infusion in
Experiment 10 and aa an intravenous infusion in Experiment 12,

Amino acid mixture was prepared from "Aminofusin forte"
(J.Ptrimmer and Co., Erlangen, W.Geraamy); a sterile solution con-
taining 100 g/1. of crystalline asino acids in proportions claimed by
the manufacturer to be optimal for human parenteral nutrition.
Izmediately prior toc the atart of an infusion, 500sl. "Aminofusin forte™
were diluted tc 1500ml. with distilled water. The resulting solution,
which was infused intoc the duodenum in Experiment 11, is referred to as
the "amino acid mixture”.

Blaxter's Saline, as desoribed previously (Methods, Chapter 2),
served as the vehicle for intrsduodenal casein infusione (Experisents 9,
10 and 12) and as a control infusion in Experiseat 12.

Isotonic NaCl (Sodium chloride injection, U.3.P.7 Abdot
laboratories N.i. Ltd, Wellington) merved ac a control for the intravenous
infusion of cassin hydrolysate (Experiment 12).



Salt solution. Inorganic salts and sorbitol contained in
500m1. of "Aminofusin forte™ were aade to 1500 ml. with distilled
water and the pH adjusted to 5.5 with N/1 BCl. The resuxlting sclution,
used in Experizeant 11 ae a coantrol for the intraduocdenal infusion of

the amino acid mixture, is referred to as the "3Salt Solution®.

Rate of dry matier and voluntary water intake were measured in Experiment 9.

Measurements commenced seven days prior to the first infusion day and
ended on the day after the last infusion; a total of thirty days. On
those days intake wae measured at 3hr intervals comrencing at the present-
ation of fresh food (Ohr} until 12hr later and theam again at 24hr. The
DX content of the food offered at Ohr and that of the residue remaining
at 24hr was estimated by oven-drying samples as described previocusly in
Chapter 2. DM coatent of the food residues resaining st other times

was calculated by assuming that the decrease in X content was in direct
proportion to the wet weight of food eaten. 4 1. of water was offered

at OQhr and drinking waa measured by determining the residue each time

the food was weighed.

Blocd samples were collected in the manner described in hapter 2,
immediately before the start of an infusion and at &, 8, 11 amd 2hbr
later (Experiments 10 and 12). Where intravenous infusions were sade,
both jugular veins were catheterised, one cathster bveing used for blood

sampling and the other for infusion.

Jaw movements were recorded on scme occasions in Experiments 11 and 12.
Records were obtained with a ballooa ~ tambour system, kymographically.
The sheep were accustomed to wearing the leather halter by which the

balloon was kept lightly pressed against the lower jaw.
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TABLE 19, Food intaske (gPM/day) on the day of infusion
of 50g casein in 500ml. Blaxter's Saline. Mean of &

observations on each of 3 sheep.

Treatuent Mean contrel Intake on day Intake on day of
intake of infusion infusion lesa
control intake

A
(Casein infusion 713 820 + 107 *=
0 - 6br)

B
(Casein infusion 735 874 + 139 *o
6 - 12}12')

Cc
(Casein infusion
36 and 9-12hr; 746 837 + 91
water infusion
O«3 and 6-Ghr)
S.E. of means + + 8 + 25 + 27
Overall mean + S.E. 731+ 5 84k & 15 + 113 + 16 **

+ Required difference for significance between meanss

S§.B. x 3.3 p< 0,05
5.E. x 506 p( 0001

* Significantly different from the comtrel, p< 0.05; **p< 0.01



Statistical analysis of the results of Experiments 9, 11 and 12 was
essentially as described for Experiment 8. In Experiment 9 the
form of the analysis of varisnce was as for a Youden Square in which
one block has an extra replication (Cochran & Cox, 1957). On some
occasicons, when no significant differences were detected betwaen
treatnent means, an coverall mean for all treatments and its standard
error were calculated.

The "mo-infusion” contrels for each experiment were as follows:

Experibent Ho=-infueion contrel
9 The five days immediately preceding that of
infusion
10 The four days immediately preceding that of
infusion
11 The twoc days immediately preceding and the

3rd and 4th days following that of infusion

12 The three days immediately preceding and the
3rd end 4th days following that of infusion

er materials and methods used were as described in Chapter 2.

RESULTS

In all experiments, a relationship appeared between the infusion

of amino acid containing materials and the intake of food and water.

The results of the experiaents are considered smeparately.

All three procedures led to an incroase of foed intake om the day
of infusios (Treatmeats A amd B, p 0.01; C, p W.05; Tadle 19).
The differences betwsen treatments were not statistically significaamt.
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TABLE 20. Relationship between the time of gase
infusion and the increase in foed imtake on the
of infusion. Individual observatious on three sheep.

Intake during the howrs Intake during the remainder
corresponding to those of f the day (g oM)

infusion (g DM)

Mean of & Day of infus Mesn of Day of infusion
controls, each | less mean gontrols, each less mean

of 5 days(s5.5.)| control of 5 days (#5.E.)| control

s 437 + 122 265 *
2% §0‘l - s“ 235 L 4
51 ()Y 623 + O 232 -

(b) 623 + 154 232 -
(+ 25) (+ 30)

Ireatment B (casein infusion, 6 - 12hr)

LY 212 + 52 &gt &

24(a)* 212 + 92 A2k -

(b) 212 + 23 824 *

51 209 + 168 623 +
(+ 14) (+ 22)

Ireatment C (casein infusion, 3 ~ 6 anéd 9 -

water infusion C - 3 end 6 -

b(a)* 223 + 226 79 +

(b) 223 + A8 479 -

230 + 14 +

51 282 + 137 572 _ B
(= 13) (+ 20)

®* Indicates that two observations were made on the same animal.
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There was consideradle varistion between sheep in the time of
occurrence of the ineresse iz food intake (Table 20}, In only one
sheesp (No.51) did the ingrease occur every time during the hours of
infueior. The other sheep showed increasea during the hours of
infusion on one occasion for No.2h and on two occasions for No.h,
The magnitude of the increase in food intake during the hours of
infusion did not reflect the amount of food normally eaten at that
tize.

On three of the four occasions when casein was administered
6 = 12nr after the pregentation of fresh food (Treatment B), an
increass was ocbeerved during the period O - 6hr (Table 21), There
appeared to bde no appreciable increase of food intake in the post
infusion pericd.

TABLE 21, Partition of the increase in food intake between

the infusicn and non~infusion periods shen casein vas infused

during the periced 6-12hr after the start of feeding (Treatment B).

Individual obhservations on three sheep. Note the repeat
observations for Sheep 24,

Tatake on day of infusion less
the mean intake during the same

Time of day peried on the five control days
(ar) (g DX)
Sheep » Sheep 24 Sheep 51
(o S + 78 -3 +71 + 60
6 -« 12 + 52 + 92 + 23 + 168

(iafusion period)

12"'2“ + 21 - 2 Q} ~17

on Jiffered for each

treatment (Table 22). A marked increase in water intake was evident
when omsein was infused during the period 6 - 12hr (Treatmeant B). In
contrast, a reduction in deinking (p <0,10) was recorded when two

casein infusions were preceded by sn infusion of water as in Treatmeat C.
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TABLE 23.

Relationship between the time of casein

infusion and the increase in voluntary water intake
on the day of infusion, Individual observations on
three sheep.

Water drunk during the hours

corresponding te those of

Gater drunk during the
remainder of the day (ml.)

infusion (ml,)

MHean of & Day of Mean of & Day of

controls, each Infusion controls, each infusion less

of 5 days(43.E.) | less mean of 5 days(+5.E.) | mean contrel
control

Treatment A (casein infusion, 0 - 6hr)

4 1538 + 455 559 - 610
2h 1061 - 60 396 + 230
S51(a) 1805 + 255 225 + 13

(v) 1805 + 640 225 - 280
(+ 90) (+ 128)
Treatment B (easein infusion, 6 - 12har)

& 260 + 765 1836 + 125
24(a) 229 + 310 1229 + 60

(v) 229 + 230 1229 + 70
51 100 + 400 1930 - 130
(+ 60) (¢ 69)
Ireatpent C (casein infusion, 3-6 and 9-12hr;
water infusion, 0-3 and 6~%hr)
Aa) 70 + 590 1626 - ’g
(v) 70 + 330 1626 -
24 hé5 + 992 «108%
$1 390 + 618 1640 - 330
(+ 81} (+ 82)
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TABLE 22. Voluntary water intake (ml./day) om the
day of infusion of 50g casein in 500ml. of Blaxter's
Saline. Hean of four observations on three sheep.

Treatuent Hean contrel Intaks on day Intake om day of
iotake of infusion infusion less
control intake

A 1899 2067 + 168 *
(Casein infusion
0 -~ 6hr)

B 1789 2310 + 521 »»
(Casein infusion
6 « 12hp)

e
(Caseir infusion
3-6 and 9=12hr; 1896 1804 - 92
uater iafusion
0«3 and 6-9hr)

5.E. of means + 108 + 83 + My

See Table 19 for requirementa for significance

Hith one exception (Sheep 2k, Treatment A), the increased
drinking indicated in Table 22 cccurred mairly during the hours of
casein infusion (Table z3). It wes evident even though 500ml.water
were contained in the ¢asein vehicle. In Treatment C also, although
there was a reduction of water intake over the vhole day, comsistent
increases in drinking were elicited during the astual infusion period.

3 were leas

than during the control days (Table 24). The decreases, recorded
for all treatasnts were met statistically significamt.
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TABLE 2h, FYood and voluntary water intake for the
24hr of the day after infusien. Hean of & observations
on three sheep.

Treatment Intake on day after

(Time of casein Intake on the day infusion loes mean intake
infusion in after infueion during control days
parenthesis)

Yoocd intake (gDM/day)

A (O=6hy) 707 - 5
B (6~-12nr) 729 W
C (3-6 & 722 - 24
9=12hr)
8.E. of means + 15 + 16
Overall mean
+ 8.E. 718 + 8 -2 +9
Vo water ake (ml./day)
A (0-6hr) 1709 - 193
B (6-12hr) 1686 - 103
C (3-6 & %62 - h3h
9=12hr)
S$.2. of means + 192 * 238
Cverall mean
+ S.E, 1619 + 111 - 283 + 137

During the first 3hr of the day after infusion however, less dry
natter was eaten (p<0.05) and less water was drunk (p< 0.01) than in
the corresponding times during the coatrocl days (Tadble 25). There were
no significant differences hetween troatasnts.
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TABLE 25, Food and voluntary water intake for the

three hours coamencing at the presentation of fresh

food on the day after infuasion. Meanm of & obaservations
on three sheep.

Treataent Intake on day after
{Time of casein Kean control Intake on day infusion less
infusion in intake after infusion control intake
parenthesis)
d ak DH/Qw= )
A (0-6kr) 323 284 - 39
B (6-12hr) 340 303 - 37
¢ (3-6¢ 351 320 - 5
9=12hr)
8.8. of means + 10 + 20 + 23
Uverall mean 338 + 6 302 + 12 -36 $ 13>
+ S.E. ,
Yoluntary water iptake (m1,/0-3hr)
A (O-6hr} 937 605 - 352
B {6~12nr) 1247 825 -~ &22
€ (3-€ & 1126 615 - 512
9-12hr)
3$.E. of means + 68 + 155 + 95
Overall aean 1103 + 39 681 + 81 422 + 55 °°
+ 8.8,

See Table 19 for requirements for significance

That there was a relatively greater depression of water than of
food intake is shown by the asount of water drunk per umit of food
saten (Table 26). less water wmas drunk (p<0.05) for each gram of
dry matter eaten during the first 3hr of the day after infusion than
in the corresponding time during the control days. No significant
differences were detected for the remainder of the day or for the day
as a whole.
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TABLE 27. XEffect of intraduodenal infusiens of casein and
cageln hydrolysate. Individual observations on two sheep.
For sach itenm, data expressed as day of infusiom less the
value {im parenthesis) which is the mean of the four days

{ismediately preceding that of infusion.

CASEIN (0.28gR/kg BW) | CASEIN HYDROLYSATE
in 75Cml.B8laxter's

ITEN Saline

{0.28gl/xg BW)

Infusions over 8hr starting at the time of
presentation of fresh food

Sheep 116 34 116 ok
Food intake

(g DM/0-8hr) (482) (h62) (s22) (448)

+ 65 - 12 + N7 + 28

(g BK/0-24hr) (377) (539) (610) (566)

. + &6 - 9 + 60 + &9
Water intake (ml./day) (1225) (1188) | (1250) (1431)
+ 325 + 237 + k0O + bih

Urinary volunme (353) (359) (294) (595)
(m»1./8ay) + 287 + 166 + 101 + 259
Urinary nitrogen (2.28) (2.78)] (2.48) (2.57)
(./h’) + 2.27 + 3-90 + 2.39 + 2029
Faecal DM output (345) (321) (358) (33%)

(g/duy) - 19 - 37 - 58 - 58
Faecal water (616) (729) (70h) (695)
(g/day) - 126 - 22k | -~ 112 - 19
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PABLE 26. The ratiocs of water drunk to food eaten

on the day after infueion. 1In the absence of siganificant
differsnces between treatment means, only the overall

means and their standard errors are presented. Bech 1is the
nean of 12 observations.

Eatio of voluntary water intake (s1.)

to food intake (g DH) for: Significance
Time of day A B of differences
(hr) Day after Correspoading tinme between A & B
infueion during control days
0 -3 2.19 + 0.30 5.21 ¢ c.08 p<£0.05
0 - 24 2.24 + 0.16 2.55 + 0.10 p) 0.05
Experiment 10. A comparisen of the effects of intraduodenal infusiouns
of casein and ein sa
Food and water intake, fascal and urinary excretion data are presented

for eackh sheep in Table 27. The intraduodenal infusion of casein
increased the food intake of one sheep but not the other; the infusion
of casein hydrolysate resulted in small increases by both sheep. An
increase in the amount of water drunk and a decrease in faecal dry

matter output were appareat each tize an infwsion was made. There

was no obvious difference betwsan treatments in their effect on either
uripary volume or anitrogen output. The reduction in faecal water output,
observed each time an infusion was sade, was particularly marked whea
casein was administered to Sheep 9%. On that cccasion, no increase of

food intake was obssrved.

Blood (Fig.6). Compared with the infusion of casein, the iafusiom of
casein hydrolysate resulted in an iacrease in plasme amino acid content,
packed cell volume and blood coz levels.



ZExperiment 11.

Effects of intraduodenal infusions of an amino
2¢id mixture.

' Yood intake on the day of infusion as & whole, was increased by

infusion of the Salt Soluticn and decressed by infusion of the amino

acid aixture (Table 28a).

significant (p <0.01).

FTABLE 28.
of Selt Solwtiocz and an amino aeid mixture.

The difference between treataents was

Bffect on food intake of intraducdenal infusions

The solutions

{1500m1.) were infused over an Shr pericd starting at the

time of presentation of fresh feed.

on each of 4 sheap.

Mean of 2 obmervations

89

freataent

Hesn comtrel
intake

Intake on day
of infusion

Intake orn day
after imfusion

(a) DM _intake (gz/C - 2bhr)

Salt solution 710 8§12+ 698
Amino acid 680 438*e 57%se
mixture
5.E. of means+ + 28 + 17
8igmificance of
difference
betwesn means p<0.01 p<.0,01
(b) DM _intake (g/0-8hr)
Salt solution 525 586+ %74
Amino acid 434 228+ 362*°
mixture
S.E. of means+ + 17 + 25
Signiticance of
between means
(c) DM _intake (g/8-~24hr)
Salt salution 185 227 213
Amino acid 196 210 212
mixture
8.E, of means+ + 17 + 12
Significance of =
difference K.3. H.5.

between treatments
an different from control intake, p<.0.01

em
+ Standard errors given also apply to mean control intake
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facing p. 90

(A) Amino Acid Mixture (B) Salt Solution
Preinfusion Day
60
30 E
N 10 n
Infusion Day
60
30- [7
Tk %; %ﬂrj
Infusion | | Infusion

Postinfusion Day

/4  Eating ‘ [[] Ruminating

Fig,7. Expt. 11. The effects of intraduodenal infusions
of (a) an amino acid mixture and (b) Salt Solution on the
circadian pattern of eating and ruminating of one sheep.
Note the marked reduction of the time spent eating and
ruminating on the day of infusion of the amino acid mixture.
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¥ith both treatments, the effect on food intake occurred maisly during
the 8hr infusien pericd (Table 28b). On the day following the imfusion
of the amino acid mixture, food intake for the first Shr and for the day
as a whole was less thas on the ocontrol days (p {0.0%) end on the day
after the infusion of the Salt Solution (p ¢ 0.01; Table 28a).

Jaw movements recorded from a single sheep, indicated that this sheep
neither fed nor ruminated daring the period 3 - 13hr after the start of
infusion. There followed a period of infrequent eating not evident on
either the pre- or post-infusion days (Fig. 7a). The infusicm of the
8alt Solution had no obvious effect on the circadian pattern of eating
(Pig.7b). . On completion of the experisent, Jjaw moveuents of another
sheep were recorded under conditions similar to those desoribed here.
On the day of infusion of the amino acid mixture to this animal, eating
and rusination were absent until the thirteenth hour after the start

of the infusion. Some eating occurred during the first 80min. of

infusion.

Voluntary water intake was redwced on the day of and the day after the

infusion of the amins acid mixture. A small decrease waa recorded on
the day of infusion of the Salt Solutionm. None of these effects were

statistically significant. The data are shown below.

Hean control Intake on day Intake on day
intake of infusion after infusion
(ml./day)
Salt Solutioe 2103 1813 2019
Amigo =zcid mixture 2014 1669 1681

5.E. of seans + 157 + 182
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TABLE 29, Effect on faecal dry matter snd water excretion
of intraducdenal infusions of Salt Solution and an aminmo
acid mixture. The solutioms (1500ml.) were infused over an

8hr period starting at the time of preseantation of fresh feed.
Hean of 2 observations onm each of % sheep.

Mean of Day of Day after
Treatment gontrol infusion infusion
periods

(a) Faecal dry matter (g/day)

Salt Selutien oS 401 05
Amino acid mixture 392 189 *» 359 **
5.E. of mesns + 6 + 6
Significance of

difference p< 0.01 p< 0.0%

between means

(v) Faecal dry matter ¥

Salt Solutien 31.6 20,7 ** 31.14
Amine acid mixture 31.1 23.1 ** 27.8
5.E. of means * + 0.77 * 1.08

8igpificance of
difference .5, n.8,
between means

(¢) Zascal water (g/day)

Salt Solution 878 1528 %* 89¢
Amino acid sixture 88c 771 970
8.E. of means * + 58 + 55

Significance of
difterense p<0.01 N.8.
betwean meana

*% Significantly different from the econtrol, p < 0.0%
+ Standard errors given alse apply to control msans
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Urdinary volume was not obviously affected by the infusion of Salt
Solution. In contri-t. & large incresse was obaerved on the day that
the ssino acid mixture was infused (p< 0.01).

Mean comntroel Urine volume on Urine volume on
urine the day eof the day after
volume infusion infusion
(ﬁla/ﬁl’)
Salt Solution 821 82s 837
Amino acid mixture 970 1608+ 969
8.3, of means + 140 + 99

** Significantly differeant from control; p<0.01

Faecal excretion (Table 29). The infusion of Salt Selutiom was
without obvious effect on faecal dry matter output. In contrast,
infusion of the anino acid mixture elicited a marked deorease on the
day of infusion (y<10.0ik a lesser decresase was apparent on the day
after infusion (Table 29a). ‘The percentage of dry mstter in the
fasces voided on the day of infusion was reduced by bota treatments
(Table 29b). The treatmeats differed in their effects on faecel
watesr excretion; a marked increase was observed on the day that the
Salt Solution was infused whereas a small desrease (not statistically
significant) was apparent on infusion of the amino acid mixture.
(Table 29c).

Experiment 12.

f a casein sate.
Food intake (Table 30). Ia contrast to what was observed in
Experiment 9, the intraducdenal infusion of casein reduced food intake.

The decreamse was significant at the end of the &hr infusion peried
(p 0.05, Tadble 30a) dut not for the day a8 a whole (i.e. 16hr later,



92

Table 30c). The intravenous infusiom of casein hydrolysate elicitsd

a more marked decrease, significant at the end of the 8hr infusion

pericd (p< 0.01, Table 30a) and for the day as a whole {p< 0.01, Table 30c).
Iz the 16hr following the end of infusion of the hydrolysate, an

increase of food intake was observed (Table 3Cb).

TABLE 30. Effect on food intake of intraducdenal (i.d.)
infusions of casein and intravencua (i.v.) infusions of
casein hydrolysate. Infusioms (Table 18) were for 8hr
starting at the time of presentaticn of fresh feed. Mean

of & sheep.
Hean control Day of infusion Day safter infusion
Treatuent intake less control less control
(a) Food intake (g DM/0-8hr)
Blaxter's Saline (i.d.) 391 - 25 -3
Casein (i.d.) k09 - Gl ¢ - 60 *
Isotonic Saline (i.v.) 376 ' + 22 - 30
Casein hydrolysste (i.v.) 370 ~195 *« -61*
5.5, of means | + 16 + 26 + 20
(b) Food intake (g DM/8-24hr)
Blaxter's Saline (i.d.) 106 - 3 - 17
Casein (i.d.) 124 + &O + 18
Isotonic Saline (i.v.,) 107 - 9 - 14
Casein hydrolysate (i.v.) 106 + 124 oo + 27
$.E. of means * +9 + 20 + 24
(c) Food intake (g DM/0-24hr)
Blaxter's Saline (i.d.) o7 - 28 - 19
Casein (1.d.) 532 - 2h -52
Isotonic Saline (i.v.) 483 +« 13 - 0"
Casein hydrolysate (i.v.) 476 - P2 e - 3k
5.E. of means ¥ + 11 + 17 + 15

¢ Significantly different froa no-infusion contrel, p< 0,05
L] p‘; 0.01
+ Required difference for significance between means,
S.B. x 3.1 '<-°.°’
8.B. X k-} P< 0.01
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(A) Intraduodenal Casein (B) Intravenous Casein Hydrolysate

60 Preinfusion Day
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: Postinfusion Day :
60
. . W |
0 LI L ] '. L ¥ ¥ 1 ¥ ¥ L ¥ L . g ¥ Ll T T ¥ Ia L] m L] T T 1
4 8 12 16 20 24 - 8 12 16 20 24
HOURS
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Fig.8. Expt. 12. The effects of (a) intraduodenal
infusion of casein and (b) intravenous infusion of casein
hydrolysate on the circadian pattern of eating and
ruminating. Mean of three sheep. Infusions (0.28g
nitrogen/kg B.W.) were for 8hr commencing at the time of
presentation of fresh food. The intravenous infusion of
the casein hydrolysate but not the intraduodenal infusion
of casein reduced the time spent eating and ruminating on
the day of infusion.
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The inhibitory effects of the casein and casein hydrolysate infusions
say have been preseat on the day after infusion for total dry matter
intake on that day was rednced (Table 30c). A reduction of siailar
nagnitude was howsver, also cbserved on the day after the infusion of
the isotonic saline. Food intake was reduced in the period 0-8hr

on the day after the infusion of the two nitrogen treatments (Table 30a);
this may have been a consequence of the increased eating during the

previous 16hr (Table 30b).

Jaw movement recordings indicated that the iantraduodenal infusion of
casein had no sarked effect on the ciroadian pattern of feeding or
rumination (rig.8). 1In contrast, time spent eating was greatly
reduced during the period 2-8hr after the start of the intravenous

infusion of casein hydrolysate; ruzination was absent for a further zhr.

Voluntary water intake on the day of infusion was reduced by all
treatments except the intraduodenal infusion of casein (Table 31).
Saall but consistent reductions in driaking were recorded on the day
after the infusion for asll treatments. They were not statiatically
significant.
TABLE 31. Effect on voluntary water intake of intraduodenal
infusions of casein and intravenous infusions of casein

hydrolysate. Infusions (Table 18) were for &hr starting at
the time of preaentation of fresh feed. Mean of 4 sheep.

T — Intake on day Intake on dag

Treatment intake of infusion less after infusioan
control less coatrol
(.1&/‘.’)
Blaxter'’s Salime (i.d.) 1106 - Ghly *° - 209
Casein (1.d.) 1061 + 15 - 255
Isotonic salime (i.v.) 1064 - 376 * - 224
Casein hydrely- 1026 - 789 ** - 145
G.t.(io\to)
3.E. of means + sk + 133 + 138

Por significance, see Table 30



Faecal dry matter output on the day of infusion was reduced by the
intraduodenal infusion of casein {Pable 32a). A greater reduction
was elicited by the casein hydrolysate infusion. Faecal water
output was also reduced by the twoc nitrogen treatmeats dut in neither
case vas the effect stastistically significant (Table 32b).

TABLE 32. Bffect of faecal excretion of dry matter and
water of intraduodenal infusions of casein and intravenous
infusions of casein hydrolysate. Infusions(Table 18)
were for Shr starting at the time of presentation of fresh
feed. Nean of 4 sheep.

Output on the day Output on the day

Treatament u"gg:°°:’°1 of $onfusion less after infusion
pe control lesa control
(a) Fageal dry matter (g/day)

Blaxter's Saline (i.d.) 285 + 5 - 2
Casein (1.d.) 300 - a7 * + 3
Isotonic Saline (i.v.) 286 - 11 - 5
Casein hydrolysate {i.v.)295 - 62 ** + 25
S.E. of means + 13 + 10 + 1h

(b) Faecal water (m/day)

Blaxter's Saline (1.4.) 469 - 75 + 15
Cagein (i.d.) 502 - &7 - b
Isotonic Saline (i.v.) 493 +163 + 150 ¢
Casein hydrolysate (i.v.)kS2 ~100 + 7N
$.B. of meens + 15 + 9N + 66

For significsnce, see Table 30.
Urinary excretion (Table 33). Both nitrogen treatments elicited an
increase in urinary voluse on the day of infusion, the greatest
increase deing that for the intravemous infusion of casein hydrolysate
(Table 33a). Both saline treataents also increased urinmry voluse
but that for the intraduodenal iafusion of Blaxter's Saline was not
statistically significant. Of the 6.7 - 7.9g nitrogen administered,



facing p. 95

204 (A)
o 7
€ v (C)
o
5 18] / o]
E v = v
o / o # o
g ‘2~ / 7, 60"%
> 9 \\\\ ﬂij::*
v 8] / N - o——o\, 1
’G' T ". ~N 504 ; / g
Z \\\ /\\\\ 3 §§§§t::i///
€ 4_ g ‘:2"&'*—8 2 J
£ g 40
N "
€ 5 . ' e v
0 :I lnfu;mon jl i y— 30J' !nft{smn J . /—
O 4 8 12 24 O 4 8 24
(8) .21 (D)
o]
2 9
g 364 v\v g 7-04
Q v/ " .
s E oneil
g 8 )
5 4 N . .
3 32'. o/// ° ‘g 6'5- /_,..o ﬁ%o
(2} o— =
: AN : N
(8] - - Q-
S _ e R
28-J L lnlexsion .l - / 6-2-} Infusuon ! : / ;
(0] 4q 8 2 24 0 4 8 12 24
HOURS
x i.d Blaoxter’'s Saline
© i.d. Casein in .Bloxter’s Saline
® v 0.9% NaCl
? iv Caosein hydrolysate
Fig.9. Expt. 12. Effect of intraduodenal infusion of
Blaxter's Saline alone (750ml,, 1.56mi./min) and
containing casein (0.28g nitrogen/kg B.W. ) and intra-
venous infusion of 0.9% NaCl (1.85-2.08ml. /min) and
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more appeared in the urine on the day of and that after the intravenous
infusion of casein hydrolysate (6.2g) than was cbserved shen casein was
infused intc the duodemum (3.2g; Table 33b).
TABLE 33, Effect on urinary volume and nitrogen excretion of
intraduodenal infusions of casein and intravenous infusions of

casein hydrolyaate. Infusiors (Table 18) were for 8hr starting
at the time of presentation of fresh feed. Mean of & sheep.

Output on day Cutput on day
Treatment n"zui°§:t°l of infusion less after infusion
P control less control
(a) Uripary volume (ml./day)
Blaxter's Saline (i.d.) 370 + 89 + 2b
Cassin (i.d.) 295 +375 * + 20
Isotonic ealine (i.v.) 325 +294% ¢ +117 *
Casein hyédrolysate (i.v.) 300 +792 ** + 2
5.E. of means +33 +104 + 57
(6) Urinary nitrogen (g/day)
Blaxter's Saline (i.d.) 3.06 + 0.48 - 0.11
Casein (iudo) 2.66 L 2 3;02 s + O¢22
Isotonic asaline (i.v.) 3.02 + 0.78 - 0.03
Casgein wml’“t‘ (i'¥0) 2079 + 5.1? bt + 1.“ ®
S.E. of means + 0.7 + 0.45 + 0,39

For significance, see Table 30.

Blood (Fig, 9). The intravenous infusion of casein hydrolysate elicited
significant increasses (p<{ 0.01) in plasms amino acid concentration,
packed c¢ell volume and coa levela during the infusion period. Values
apprazimating those cobserved at the start of infusion were reached at
the 2bhr sampling. Increases ¢f smaller magnitude were observed when
casein was infused into the duodenus. Flasma protein concentration

was variable.

Bodyweight of the sheep showed no consistent change over the experimental
period., JKeen weights of each sheep calculated froam eight measurements
made at 3 -~ 5 day intervals were 24,1, 27.6, 24.8 and 24.9 kg (8.E. of

means, + 0.2kg).
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Nitrogen balance sz estimated during the six days immediately preceding
the day of the first infusion ranged from - 1.34 to - 2,50 g N/day for

the four shesp. Digestibility of feed dry matter during the same
period was b2 - A8,

DI1SCUSSIOK

Both the nature of the amino acld containing material and the
route of administration wodified the effect of the infusions on food
inteke. An exoitation of food intake was observed caly when infusions
were made into the duodenum, clearly shown when casein (Experiment 9)
and less clearly when casein hydrolysate (Experiment 10) were the amino
acid containing materials administered. In contrast, intraducdenal
infusion of the amino acid mixture and intravenous infusion of the
casein hydrolysate resulted in a profound inhibition of food intake.

The possibility that receptors involyed in the excitation of
food intake may be locsted in, or asscociated with, the intestinal
w2lls or the portal vascular field is suggested by the demonstration
that food intake was increased by the intraduvodenal infueion of
casein or casein hydrolysate but reduced by the intravemous infusion
of casein hydrolysate. The triggering stimuli for these receptors
zay be events associated with the presence of the infused material
in the intestines and/or their digestion and absorption. The time
course of the increase in food intake is consistent with thils view.
It ia difficult to explain the relationship betveen the time of
infusion and the occurrence of increased food intake estedlished in
Experiment 9 ia terms of changes in activity of the microorganisess
in the reticulorumen or metabolism of digestiom products once

abasorption has taken place; processes which may be comsidered slow
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to take effect and of relatively long duration. Egan & Hoir (1965)
found that intraduodenal infusions of urea over ar 8 hr period led

to an increase in the rate at which cellulose was digested in the
reticulorusen of sheep. This was thought to de the main factor
responsible for the increased food intake that wsas observed on the day
after infusioa. The delay was considered due to "the time taken for
tke recycled nitrogen to influence microbial activity in the ruasen.”
Campling et al. (1962) found that continwcus intrarusinal infusion of
urea (150g/day) did not increase the cow's consuaption of oaten straw
until 3 - 4 days after the start of infusion.

The variability of the effects on food intake of intraduodeanal
infusions of casein was again demonstrated in the present aeries of
experimsents. On occasions intake was stizulsted (Experiment 9 and
sheep No.116, Table 27), whereas at other times an inhibition was
observed (Experiment 12, Table 30). Thia emphasises the complex
nature of the effects on food intake of infusions of proteinaceous
saterials. It appears ualikely that a single mechanism operates in
nediating these effects; rather a number of mechanisma should be
envisaged which act separately, additively or synergistically.
#hether a single expesrimental procedure, the infusion of casein into
the duodenum, elicits an increase or & decrease of food intake will
depend on the summation of the stimuli arising froa the various
aschanisss, a process which appears to de influenoced or modified by
various factors imncluding dose rate, the previous experimental history
and the physioleogical status of the anisal.

The infusion of diffesrent asimo acid-coataining masterials into
the duocdenum failed to reveal either their site of action or the
nature of the mechanisms involved. Because no further supplies of
casein hydrolysate were available, only a limited number of
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observations could be made on its effect shea administered into the
duodenum. The saall inecreases in food intake obaerved on those
occasions may be therefors regarded as equivocal. The relative
importance of the physiologicsal status of the animal, and the dose
rate, nitrogemous cosponents, inorganic sclutes, and the physical
properties of the infusate in deterainiag the observed effects are
not known. The marked inkibitory effects on food intake of intra-
duodenal infusions of the amino acid mixture occurred ever though

(a) the dose rate expressed in terms of nitrogen was slightly smaller
than those of either casein or casein hydrolysate (b) the vehicle
(salt 3olution) was hypotonic and of relatively large volume,
conditions which may facilitate the excitatory effects on food intake
of intraducdenal infusions of camein (Experiment 8), and (¢} infusions
of the vehiscle alone increased food intake. Although a marked
Toduction in food intake was recorded here, the possibility cannot be
excluded that an infusion of the amino acid mixture at am appropriate
dose rate may have resulted in an increase of food intake.

The effect on food intake of intravenous infusions of casein
hydrolysate were predominantly ome of inhibition. This contrasts
sharply with the mildly excitatory effects observed when a similar
infusion was made into the duodenum. These differing effscts
suggest that the intravencus route enabled the casein hydrolysate to
act at sites or om mechanisms not immediately accessible when the
sase saterial mas infused into the duocdenusm. There say have deen a
specific stimulation of a satiety aechanism, in soss way relatsd to
eirculating amino acids or alternatively, the inhibitory effects may
have been non-aspecific, possibly associated with the presence in the
infusate of physiologically eutive compounds formed during the
preparation or atorage of the hydrolysate.



It seeme logical to propose that the metabolic activity of the
inteatinal walls and the liver were of some importance in modifying
the effects of the infusions orn food intake. Irrespective of the
nature of the inhibitory sechanisms involved, their effecte were
reduced shen the hydrolysate was infused into tne ducdenusm. Their
complete elimination seema unlikely for that prosedure elicited a
reduction in frecal dry matter output cn the day of infusioa (Table 27)
as vell as an increase in food inteke. Metabolism of amino acids by
the intestinal walls and liver may have also contributed to the different
effects of intravenous asd intraduodeaal infusions of casein hydrolysate
on plascs amino acid content (Pig.6 & 9) and renal respomse (as judged
by urinary volume and nitrogen output,(Tables 27 & 33). Indirect
support for these obeervations is to be fouzd in the unequivocal
demoanstration that the intravenous infusion of a protein hydrolysate
results in less efficient utilisation of nitrogen than when the same
material is administered into the gastrointestinal tract (Silber, 3eeler
& Howe, 1946; Alper, Chow & Dedbiase, 19503 Alliscn & Bird, 1964),

It also seems logical to asuggest that intraduocdenal infusions of
the amino acid aixture may have partially overwhelmed any ameliorating
effects of the liver. This amay have resulted in a more effective
stinulation of extraintestinal mechaniesas capable of inhibiting food
intaks than when less readily absorbed aaterials such as casein or a
peptide cortaining casein hydrolysate were infuased into the duodenus.

As no observations wero mede on the effects on blood coaposition of
infusions of the asminoc acid mixture, this suggestica sust reazain
speculative. It has been showmm however, that the rate of abscrption

of nitrogen froa the gut is faster and plassa amino acids attain a
higher concentration when aminé acid molutions rather than whole proteins
are fed (Pree & leonards, 19Md; Crane & Neuberger, 1960). ©On the other
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hand, Fisher (1967), on reviewing protein absorption, has stated that
"all one can say in conclusion is that the form in which the products
of protein digestion enter the body is still not established. No
one has bean able to show that more than a minority of it enters the
bloodstrean as amino acids.” It is possible therefore, that the
infueion of large amocunts of free amino acids is an urxphy=iclegical
process which could readily lead to disturdances of homeostasis. The
occurrence and magnitude of disturbdances cf this nature is suggested
by the marked renal response and the persisting effccts of ths amino
acid mixture on fesding behaviour, food intake, faecal and urisary
excretiosn. In contrast, the inhibitory effects of intraveanous
infusions of caseis hydrolyesate were not obvious after the completion
of the 8nr infusion (Fig.9).

It seems unlikely that the blood comnstituentz investigated were
those determining either the excitatory or the inhibitory effects of
the infusions on food intake. Although marked changes in the paraseters
measured sere odbserved vhen food intake was deoreased (Experiment 12)
sinilar changes were apparent when food intake was imcreased
(Experiment 10). In add4ition, when feeding recommenced at the
completion of the intravencus infusion of casein hydrolysate, the
magnitude of the changes in blood composition were at or near their
saximua (Yig.8 & 9). HNenetheless, the observed blood changes might
be involved under the following circumstances!

(a) 4if the receptors involved were sensitive to the rate of
change in concentration of the setabolites;

(b) 1€ their actien(s) were indirect, with the cbeerved changes
being only part of the triggering mechaniswsi

{8) 4f the effect of the infusions on food intake was the
suapation of both ishibitory and excitatory stimuli; or

(&) 4if changes in the relative proportions of the free amino
aeids of plasma were of importamce.
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As discussed in Chapter 1, the work of Harper and associates suggests
that the pattern of amino aclids in the blood may be of importance in
the regulalion of food intake by rats and mice. The presecnce of
either an excess or deficiency of cert in essential amino acids in the
diet may lead to reduced food intake (Harper, 1964), sometimes within
a few hours of adding the imbalanced amino acid mixture to the low
protein basal diet (Xumta & Harper, 1962). It seems unlikely however,
that any of the aminc acid preparations used here were sufficiently
imbalanced in their amino acid content for this to account for the
inhibitory effects. The casein hydrolysate and amino acid mixture were
commercial preparations speoifically designed for human parenteral
nutrition and the casein for supplementing the diet of children and
convalescent oxr otherwise debilitated adults. Even so, there ig neo
certainty that the reguirements of shesp in this reapect are the same
a8 those of hsmans; and individual variation, beti in the proportions
of amino acids in the plasma mesociated with homeostasis (williass,
1963) and the interconveraion occcurring during digestion and absorption
(Gitler, 1964) 28y have resulted in an imbalance.

The present sxpariments have not revealed the mechanisms whereby
infusions of asino acid containing materials modified food intake.
Their aajor ¢ontribution has deen the demoastration that the situation
is of considerable coamplexity, unlikely to be ressived by simple
experiments such as thoss undertaiien hers., They have indicated that
there may be a number of mechanisas involved with receptors located in
a aumbex of asites in the beody: intraduodenal 4infusions of casein nnd
casein hydrolysate appeared to aet on mechanisms or at sites that were
different from those reached by either intrsvenous infusions of casein
hydrolysate or intraducdenal infusions of the aminme acid mixiure.
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TABLE 34, Apparent water retention on the day of infusion
for all treatments in Experiments 10, 11 and 12,

Tater Intake [ Water Excretion
(wr./dny) . (nl./day) {
Treatuent Infused m-nﬂ TOTAL {Urinary Faecal TOTAL | AFPARENT
"'gﬂ INTAKE | EXCRE- | REYENTION
| TIOR
—— (=) ® [ a-w

Experiment 10

Casein S0 750 87| 2 | 583 498 |1081 + 1206
Casein hydrolysate g5 950 1763 2 | 623 634 |1297 + 1551

Experiment 11

Salt Belutiocn 143 1500 1813 34561 825 1528 |[2353 + 1103
Amino scid mixture 77 1500 1669 3246 || 1608 271 |2%79 + 867
Experiment 12

Casein Hydrolyeate 71 9% 2y7| 12381092 352 |14hb - 186
Casein go 750 1076| 1916 | 652 kS5 | 1107 + 809
Isotonic Saline sg 950 688 121 | 619 €56 | 1275 +« M6
Blaxter's saline 750 k62| 1300 459 skh | 1003 + 279

Mean of all uo-
infusion contrels

&

- w1 1809 sov 683 |1187 | « 322

Xote: Calenlations based on data presented im Table 27, Experiment 10;
Tables 28, 29 and text, Experiment 11; Tables 30, 31, 32 and 33,
Experiment 12. 1.0g fascal water has been assumed equivalent to
1.0ml. The estimates of apparent mater retention during the no-
infusion eontrol periods in Experiments 10, 11 and 12 were ¢ 277,
+ 364 and + 325al. water reapectively.
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It is apparent that the net effect of the infusions on food
intake resulted from the summatioa of excitatory and inhibitory
atisuli. Reduced faecal ocutput on the day of treat=ment was a
feature coasmson to all infusioms of amimc acid containing msterials,
irrespective of their effeet on fcod intake. This suggests that a
reduced rate of psssage of digesta along the gastrointestinal traect
wmay be one of the inhibitory componenta, present even whexr an increase
in feod intake was observed. Further consideration is given to these
ideas in subsegqueat chapters. A possible clue to the nature of the
excitatory component is suggested by the effects of the infusions on
water metabolisa. In Experiment 9, incressed voluntary mater intake
consistently occurred during the period of casein imfusiorn even though
in ocne treatment, this was of Jhr duration amd preceded by am infusion
of watsr. Reduced drinking in the first 3hr of the day following
that of infusion suggests that the water was retained in the bhody,
beconing available during that period and partially satisfying noraal
water requireaents. In Experiments 10, 11 and 12, infusions which
resulted in ineressed food intake (essein hydrolysate, Experisent 10
Salt Solution, Experimeat 11) or which previously had been shown to do
so (casein, Experiments 10 and 12) also markedly increased apparent
vater retention (Table 34). In contrast, these infusions which
reduced food intake (intravenocus ossein hydrolysate and intraduodenal
amino acid mixture), greatly imereased urinary water excretion with a
lesser eoffect on apparent water reteation. As neither respiratory
aor body surface losses msre seasured, the eatimates of water retentios
say be regarded as approxisste. There is however, consisteney betwean
the estimates for the no~infusion coatrols in the three experiseats and
betwveen those values and the estimates for the aaline infusions vhere

there was little sause to expeet disturdances in sater metabolisa. The



estismste of retenticn when the amino acid mixture was infused into
the duodenum appears anomalous bdut it is to bLe remembered that with
this treataent, the effects were not confined to the day of infusion.
%hile the nature of the coupemsatory mechanisas eliciting the
ohanges in apparent water retention remains uneertain, the possibility
arises that these changes may be linked to the excitation of food
intake. An cssometric mechanism, wheredby the sensations of hunger
and satiety ariee at least in part fros changes in water distribution
may be of somo importeznce in msonogastric animals (Brobeck, 1955
Lepkovaky et al., 1957; Zchwartsbaus & ¥ard, 1958; Saith, 1966).
Such a concept is atitraotive in that it may sventually provide an
explanation as to shy the intraduodernal infusion of the Salt Solutienm
increased food iatake. Irrespective of the cause of the increased
apparent wmater retention when the Salt Solution was infused - whether
it was due to its effects on the absorption of nuitrients already in the
gut lumen, or to its physical or chemical properties -~ the similarity
in this respect to the effects of thoae amino acid containing ipfusicas

which {ncreased foad intake iz striking.
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CEAPTER &

THE EFFECT OF INTRADUCDENAL INFUSIONS OF CASEIN ON THE URINARY
EXCRETION OF SODIUM AND POTASSIUM

INTRODUCTICN

There are a number of reports suggesting that an intimate
relationship exists between aminc acid and electrolyte metabelism.

Christensen & Riggs {1952) found that the upteke of neutral
amino acids by Ehrlich aacites tuscur cells was accompanied by a
somewhat less than equivalent net loss of potassium froam the cell.
This and subsequent observations have led to the suggestion that entry
of neutral amino acids into the cell is in some way coupled to, and
depsndent on, the outward migration of the potassium ion (Christemsen,
Riggs & Coyne, 1954; Riggs, Walker & Christensen, 1958; Chriastensen,
1960}. The effect of amino acid uptake on potassium migration appears
to be dependent ia part om the amino acid being concentrated. levinehy,
Tyson, Miller & Relman (1962) found that incubation of rat skeletal
muscle in a media rich in the caticnic amino acid, lysine, resulted in
a loas from the muscle of up to one third of the cellular potassium.
The potassius lost from the cells was substituted with an equivalent
amount of lysine. The inclusion of neutral amino acids in the media
resulted in leas sarked effects wvhile anionic astno acids had no effect.
In some cases however, it has been observed that an increase in intra-
cellular potassium accospanies the uptake of anioaic amino acids
(Terner, Eggleston & Krebs, 1950; Christensen & Riggs, 1952; Ames, 1956).

Subsequent to the ateve observations, Heins (1962) suggested that
sodium facilitates the transfer of amimo acide across cellular membranes.
In support of this, Fox, Thier, Rosenberg & Segal (1964) foumd that when
rat kidney cortex slices were incubated in a sodium-free media, the
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active transport of the neutral amino acids < aminoisobutyric acid

and glycerise was completely inhibited and that of lysine and histidinme
reduced. Intracellular accusulation of these asino acids increased as
the concentration of sodiuz in the media was increased, Using isolated
rabdit ileum, Sechulte & Zalusky (1965) showsd that the trsasport of
amino acids mot only required sodium but also increased the rate at
which sodium was transferred from the solution bathing the smsucosa to the
interior of the muccsal cells, Eddy, Mulcehy &IThomaon (1967) found
that the kinetics of glyocine uptake by acuse ascites~tumour cells were
consisteat with the view that glycine entered the cells as a ternary
complex with a carrier and sodiuam. That sodium is required for the
transport of both amino acide snd sugars is now generally accepted and
the observation has been extended to include many tissues (Crane, 1965;
Csaky, 1965; «uastel, 1965).

The above results have been obtained using in vitro technigques and
their significance in the intact animal is uncertain. It is reasonable
tec expect that in some tissues at least a form of internal circulation
is involved (Crane, 1965) and there may ke no net loss electrolytes froa
the beody.

The necessity of adequate potassiua for effestive utilization of
anino acids has been demonstrated (Camnon, Frasier & Rughes, 1952;
Trost, Smith & Felts, 1953). It is for this reason that a relatively
large amcunt (25m~equiv./l.) of potassium is incorporated in the amino
acid sélution, "Aminofusin®, which is designed for pareanteral alisentationm.

Iacobellis, Muntwyler & Dodgen (1956) and Eckel, Norris & Pope
(1958a,b) have shown that during potassiusm depletion im the rat, lysine
and other osationic emimo acids accusulate in the skelatal mnusclature.

Eckel and co~murkers dssignated theso amino meoids as “"mendicant catioas"



since they cculd replace the lost intracellular potassium and
maintain internal neutrality. fho reverse may also occur, for
Gershoff, Coutino-Abath, Antonowiocs, Mayer, Shem & Andrus (1959)
found that increased potassium intake by ratg: fed a lysine deficient
diet partially prevented the occurrence of lysine deficlency.

Although Eckel et al. (1958b) found that the feeding of diets
rich in lysine to normal rats did not lead to displacement of muscle
potaseium, Dickermar & Walker (1964) showed that the intravencus
infusion of the cationic asino aecids, lysine, arginine or oraithine
to dogs increased the urimary excretion of potassius to levels that
exceeded the filtered load of potassiua. It was postulated (Walker,
Dickerman & Jost, 1964) that displacement of hydrogen iom by lysiane
produced an extracellular acidosis and an intracellular alkalosis.
This in turn suppressed the ability of the kidney to secrete hydrogen
ions and facilitated potaseium for sodium exchamge with consequent
excretion of potassius. These effects may not be confimed to
potassius for lindeman, Alder, Yiengst & Beard (1967) found that
ingestion of casein or variocus cardohydrates by humans led to an
inorease in the uriocary excretion of the divalent cations, calciua and
msagnesius.

It has been suggested in previcus chapters of this thesis that
infusions of amino scid contaianing materials effeoted changes in water
metadolisn and acid-base dalance that amay be sxplicable im terams of a
disturbance in electrolyte balance. The sxperimeamts reported in the
present chapter represent a preliminary investigstion into the effects
of intraduodenal infusions of casein oz the sodius and potassium
sxcretion of fasted sheep maintained oz two contrasting dieta.

106
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TABLE 35. Details of the four experimental sheep.
Sheep
Iten A B 1+ D
Weight (kg) 25 22 20 21
Age (months) 16 16 18 18
Diet Chaffed Red Clover hay Chaffed ryegrass atraw
{ e L., |as descrided in Chapter
3.5% nitrogen 2 (0.95% nitrogen)
History A.Fed clover chaff | Both anisals had been fed

or weeks preceding
the experiment. No
previous infusions.

Shoen B.7ed ryegrase
straw t for a 6 week
period ending 3 weeks
before the start of the
experiment.

During that time three
intraduodenal infusions
of casein had been given.
Subsequently fed on
clover chaff.

the ryegrass straw dist
for 5 senths prior to the
experisent. During that
time intravenous and
intreducdenal infusions
of asino aoid containing
materials had bveea given.
Ko infusions were given
in the 2 eeeks preceding
the present experisent




107

KA ALS AND METHODS

Animals. Four sheep fitted with duodemal cannulae and housed indoors
in orates as described previously (Chapter 2) were used. Details
concerning thcs§ animals and their experimental diets are given in
Table 3%. The snimals had been accustomed to being fed at 9.00am
each day and having food continuously available. Two weeks before

the experiment, the shaep were placed oz a regime in which they had un-
restricted access to food for 15hr out of 2bhr coasmencing 5.00pa om one
day and ending at 8.00am on the next. Three days before the first
infusion day, feeding was restricted to the period 6.00 - 10.00pa.

This latter routine wes continued until the end of the experiment.,
¥ater and salt lick, noraally freely available, were removed with the

food the day before en infusion.

Infusions. Casein (#0g, 5.6g nitrogen) in BElaxter's Saline (750ml.) and,
as a control, Blaxter's Salise (75021.) alone were ussd. The method of
preparation was as described previcusly except that the solutions were
asde to volume with glass distilled water. The electrolyte composition
of the Blaxter 's Saline and the sodius aund potassium content of the

casein were as follows:

Amount present in Amgunt present in
Electrolyte 750m1, Blaxter's 40g casein (m~equiv)
S8aline (m-equiv)

xa* 79.20 0.50
:'“ zgg , 0.10
Ca g
e 3,15 ) Mot
c1 87.00 ) determined
PO, ' 6.49 )

The solutions were infused into the ducdenus by means of a DCL migro-
punp for a &khr peried commencimg either 10,00 or 10.30am. The
sequence of iafusion of the solutions wasi
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Day of Sheep identification
experinent A B [+ D

1 Casein

3 Casein

S Blaxter's Blaxter's
Saline Saline

7 Blaxter's Blaxter's

Saline Saline
9 Caselin Caseln

and @
Urine. Indwelling Foley catheters, inserted the previous day, and
tared polythene vaccine bage were used to collest the urine quantitatively
and with sinimum exposure to air. The polythene bage (Tasman Vaccine
Laboratories Ltd, Wellington) were collapsed before use and their necks
fitted tightly into the catheter. Collection was for 8.5hr coasencing
90min before the start of infusion. At 30ain intervals, the bags were
replaced, tightly stoppered and weighed. Sazmples of urime for pH
estimation were obtaiued through the bag wall with the aid of a ayringe
and needle. The reaaining urine was then tramsferred to a measuring

¢ylinder.

Bloed. Venous blood samples were collected with minimum exposure to
air intc heparinised syringee from a catheter inserted imto the jugular
vein the previous day. pH sas estimated within Sain of sampling on
blood collected intc a ssparate syringe. On the day of infusioa of
the casein preparaticn,blood was sampled at ~hS, ~15, +4Smin from the
start of ianfusion and thereafter every hour for 6hr. On the day of
infusion of Blaxter's Salime, samples were collected at -~45, -15, +105,
+225 and +345ain froa the start of infusioa.

Plasaa and red blood sells were saparated under paraffin iz serua
agglutination tubes (i.d.8mm) by centrifugstion for 3Cmian at 3500
rev/min in a B.7.L. Bensh Centrifuge. Flassa was removed with a



transfer pipette and suitable aliquots were diluted immediately for
sodius and potassium determination., From a further aliguot, a
protein free filtrate for amino acid estimation was prepared am
described in Chapter 2 and stored at -5%. Aliquots of the red
blood cells were taken and suitably diluted for sodius and potaasiums
estimation after removal of the paraffin, resaining plassa and top ome
third of the sediment. Blechner (1961) centrifuged sheep's hlood for
30min at 2600g in tubes of i.d. 12mm and found that the plasea content
of the bottom two thirds of the red blood cell sediment was 3 -~ 4%,
Centrifuging for 120min resulted in a sodiua and potassium content

of the red blood cell sediment that was similar to that found when

centrifugation was for 3Oain.

Analytical, 5odium and potassium were estisated by flame phoiouotry
(5.E.L. Mark II) and the specific gravity of urine using a Clay-Adasms
uricometer. Volume of urine was calculated from its weight and
specific gravity. Packed cell volume and plassa amino acid coacen~
tration were estimated as cutlined in Chapter 2. Haemoglobin was
estimated as cyanmethaemoglobin (Drabkin powder, Diagnostic Reagents Ltd.)
with the sid of an E.E.L. hasmoglobin meter ocalibrated with the supplied
standaris.

The pHE of dlood and urine was determined at 38°c with the aid of a
Beckman Model 76 expanded scale pH meter and a Becksman micro-blood
46850 assembdly sounted in a Beckman comstant tewperature bloek.
Ismediately before a sample was injected, the electrodes were standardised
against a pH 6.8k buffer consisting of equal volumes of 0,025 K8,FO,
and uazxpok. Esch sasple was examined repeatedly until the reading
2min after injection was coamsistent for two consecative injectiens.

All dilutions were made with double glass distilled water., The
glassvare used in the analyses was washed in a cleanizg selution and
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Pig.10. Changes in the composition of urine and venous blood
when intraducdenal infusions of 750ml. Blaxter's Saline alone
(broken line) and containing 40g casein (solid line) were
sade to four sheep. The infusions were for 4hr (0 -« 240mwin)
and commenced after a fast of either 12 or 12,5hr. The diet
of Sheep A and B was red clover chaff and that of Sheep C and
D was cguru ryegrass straw, Nidepoints of 60min co tion
poriods pletted for urinery volume, pH, sodium and potassium
exeretion.

Note change in seale betwean the pairs of sheep for urinary
sodius excretion,
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rinsed in the sequence of hot tap water, metasl distilled water and
double glass dimtilled water before drying in an electrically heated

oven.

RESULTS

The affect of casein infusion on plasaa amino acid concentration
appeared to be related to the diet of the sheep (Fig.10). The
saxizum levels observed in t e ryegrass fed sheep (C and D) were
lower and wore peraistent than those observed in the pair fed clover
(A and B). Changes in haemoglobin concentration and packed eell
volume suggest that with Sheep B, a contraction of plasma volume
ogourred on infusion of Blaxter's Saline. In contrast, aun expansion
was observed on infusion of casein. 3imilar but less obvious changes
may have occurred with the octher three sheep. Sheep A appeared to be
the only animal not anaemic or, alternatively, without an expanded
plasma volume.

A decrease in potassium content of plasma ocourred on infusion
of casein. 3Some variation was evident in that it was particularly
sarked for 8heep B but less obvious with Sheep A. There was no
appreciable change in plasma sodium content oo any cne day but a
relatively large hetween day difference was apparent. The day on
which the lowest values were recorded was alsc the first infusion day.
The sodium aad potassium content of the red blood cells did not
appreciably differ either between days or between sampling times within
days (Table 36). There was no comsistent difference in blood pH either
betwean sheep or saspling timee om infusion of caveir (Table 36).
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TABLE 36, Effect of intraduodenal infusions of Blaxter's Saline
and casein on bloeod pH and sedium and potassium content of red
blocod cells. Meam of 5 duplicate observations in the case of
Blaxter's Saline, 10 in the case of casein.

Sheep
Treatment A B c +) S.%k. of mean

Sodium content of red blood cslls (m-equiv/1,)

Blaxter's Saline 97.1 76.3 84,7 83,2 1.02
Casein in Blaxter's 93.7 74.5 85.6 87.6 0.90
Saline

Potassium content of red blood cells (m-equiv/1.)

Blaxter's Saline 145.8 25,2 12.2 17.9 0.12
Casein in Blaxter's 14.2 25.4 13.1 18.0 0.06
Saline

Blood pH

Blaxter‘s Saline Ko data cocllected
Cagsein in Blaxter's
Saline ' 7038 ?n38 7.“1 ?t 39 0001

The infusions differed in their effect on urinary volume (Fig.10
and Table 37). ¥ith the exception of Sheep A, urinary volume increased
on infusion of Blaxter‘'s Salins. Little change was evident when casein
vas admninistered to the ryegrass fed animals (C and D). The increases
in voluxe of urine excreted by Sheep A and B toward the end of the
collection period say have been due to the excitement exhibited on approach
of feeding time rather than to the infusions.

A atriking feature of urinary pH was the acid reaction of the urine
excreted by the ryegrass fed sheep (C and D, Fig.10). The pX was not
appreciably affected by either the Blaxter's Saline or the cesein infusioas.
There was howsver, soa¢ difference between days, particularly marked in the

case of Sheep D.
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TABLE 37. The amounts of sodium and potassium excreted
in the wrine and the volume of urine excreted by each
sheep during the 510amin collection periocd.

Treataent Sheep
A B c B

Sodium excreted in the urine (m~equiv)

(a) Blaxter's Saline 27.60 52.89 1.88 1.71
(b) Casein in Blaxter's 46.00 64.10 5.10 h,73
Saline
Di“‘“nc‘ (b - a) +18.’00 '0‘11.21 ‘.‘5.22 1‘3.02
Potassium excreted in the urine (m-equiv)
(a) Blaxter's Saline 160.0 138.3 $7.C 572
(b) Casein in Blaxter's 65.3 87.0 §3.1 4.3
Saline
Difference (b -~ a) -34.7 ~51.3 =13.9 -32.9
Urinary volume (ml.)
(a) Blaxter's Saline 203.6 1146.3 773.1 257.9
(b) Casein in Blaxter's 313.8 1122.8 22,2 96.5

Saline
Difference (b - &) +110.2 «23.5 -350.9 -161.4%
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#ithout exception, wripary excretiom of potassium decreased and
that of sodium increased on imfusion of casein. The net effest at the
end of the collection period (Table 37) may be regarded as minimal for
the lowest rate of potassium excretion (3 sheep) and the highest rate of
scdium excretion (2 sheep) were observed in the last 60min of collectica.
In the case of sodium excretion, there were two additional striking
features. Firstly, the differences between the two infusions in the
asount of socdiunm exereted in the urine were amall relative to the 80m-equiv
of this ion infused, the majority of which was unaccounted for. This
coﬁtraat. to the differences observed between the infusions in the excretion
of potassiumj they were large relative to the ba~equiv that were infused.
Secondly, sodium excretion by the ryegrass fed sheep (C and D) was

approximately a tenth of that excreted by the pair fed clover (Sheep A and B).

DISCUSSICN

The present work imdicates that the imtraduodenal infusion of casein
may evoke a potassium retention of conziderable smagnitude, This was s
in fasted sheep maintained on two diets. The full extent of the retention
could not be assessed as potassium excretion in the urine was minimal, and
in some instances still declining at the end of the collection period.

The differences in urinary sodius excretion between the casein ipfusions
and those of the vehicle alone were less striking; 4im each case a large
proportion of the administered socdium was retained.

The decline in plasma potassius coanceantration on infusion of the
casein is consistent with the view that the location of the reiained
yotassiun was intracellular.

These observations appear inconsistent with those of Christeansen &
Riggs (1952), levinsky et al. (196h) and others. These workers have showa
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that accumulation of cationic, and to leaser extent, neutral, amimo
acids within cells is accompanied by a depletion of intracellular
potassius, even to the extent of eliciting an incresse in the urinary
excretion of that fon (Dickerman &k Walker, 1964; Walker et al., 1964).
It does not follow however, that the results of studies on the uptake

of single amino acids applies to a situation involving the range of
amino acids which constitute a protein such as casein. The net effect
of a mixture of aaino acida on electrolyte metabolisa zay depend on to
what extent each of the various transport systeams implicated in asino
acid transport (Christensen, 1960; BHensmon & Bampone, 1966) are used,
competition between amino acids for these systems (Webber, 1962; Gitler,
196h) and the apecies and quantity of the individual amino acids
contained in the mixture. Thus it might be argued that since anionmic
amino acids have heen shown tc stimulate the intracellular accumulation
of potassium (Terner et al., 1950; Christensen k Riggs, 1952; Aaes,
1956), and as amionic glutamic¢ acid is the most abundaant aminc acid in
casein (Hipp, Basch & Gordon, 1961), the net effect of infusion of casein
may be one of imtracellular potassium accumulation. It is pertinent to
recall here that lLindemarn et al., (1967) found that the ingestion of 50g
casein by humans resulted in decreased urinary excretion of potassius as
well as the increase iz divalent cation excretion mentioned previously.
The effects were less marked than those obaserved whem am equal weight of
glucose was ingeated.

In the absence of a more comprehensive analysis of changes in blood
and urine composition elicited by infusion of casein, the mechaniems
responsidle for the observed changes are uncertain, The previous
obssrvation that intraduodenal infuaions of casein amay elicit an increase
in the 602 content of the blood is consistent witi the vies that amigratioa
of potassiusm inte the cells results in an extracellular alkalosis and an
intracellular acidosis. This is the reverse of what ¥alker et al., (1964)
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have postulated. These workers suggested that the incresse in urinary
excretion of potassium on infusing cationic lysine intc doga resulted

from substitution of intracellular hydrogen ions with lysine. The
resulting intracellular alkalesis led to the kidney secreting potassium
ions rather than hydrogea ions. As the ingestion of carbohydrates
sodifies the urinary excretion of cations (lindeman et al., 1967}, it
appears that mechanisms other than those dependent on amino acid metaboliss
may be involved.

The retention of the water compoment of the casein vehicle may be
regarded as osmotic obligation by the sodium retained in the body.
Additional factors may be involved when the casein was infused as the
apparent retention of water was greater than that observed on_infuaion
of the Blaxter's Saline slone. This was particularly marked with the
ryegrass fed sheep. The difference between the infusions in their
effect on urinary volume may be du# in part to the water accompanyiag
the amino acids into the cell imterior (Christensen & Riggs, 1952%

Ames, 1956; Keimz, 1957). There may also heve been am incresase in the
secretion of satidiuretic hormone. ILittle & Radford (196A) suggested
that the consumption of high protein diets by rats elicits an increase in
plasaa antidiuretic horeone activity which asy be maintained for 1%hr
after feeding.

A feature of the present experiment has been the demonstration that
the ryegrass fed sheep were physioclogically abmormal. That this was so
is indicated by the low values observed for patked cell volume, haemoglobin,
plassa ossclality (as indicated by sodium content) and a low excretion rate
of an acid urine. The low sodium conteat of plasma, the asall amount of
sodiun excreted in an acid urime and the response of plasmsa sodium concen-
tration on administration of the first infusiorn are all comsistent with a
state of partial sodium depletion. Both the composition of the ryegress

and the previcus infusions of amino 22id containing materials may have been
contributing factors.



This work alsoc suggests that changes in the amocunt of saino acids
reaching the duodenum may be involved in the changes in electrolyte
excretion observed when sheep are changed from a diet of hay and meal
to one of grass (Dobson & McDonald, 1963;: Dobson, 196%; Dobson, Scott
& Bruce, 1966). It was shown that the sodium retained by sheep during
& period of hay and mesl feeding was rapidly lost in the urine on
changing fo a grass diet, Reverse changes in potassium retention were
observed. The similerity between the results of Dobson and co-workers
and theose reported here is emphasised by the report (Annison, lewis &

Lindsay, 1959) that such a dietary change is accompanied by a marked peak
in o¢ amino nitrogen concentration in the rumen on the first day of grass
feeding.

fhile results obtained under conditions of fasting and water

_restriction may not be applicable to a situation where both feed and
_water are freely available, the present observations support the previously
;advanced contention that infusion of anino acid containing zaterials
ﬁolicit; an alteration in electrolyte metabolism. Rewardiang though this
Efiold of investigation appears to be, it seemed necessary in this theasis
ito exaaine the sffects of major ead products of nitrogen metabolism on gut
;uaction and foocd intake. The results of such a study are presented in

ﬁhc following chapter.
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CHAPTER 5

THE EFTECTS OF SOME NITROGENOUS COMPOUNDS ON RETICULORUMEN MOTILITY

INTRODUCTION

Urea is the =major product of protein metabolism. It has
additional significance in the ruminant in that apprecisble quantities
enter the rumen by way of the saliva and by diffusion frem the blood
through the rumen wall (Phillipson, 1964). This recysled wrsa provides
a significant portion of the nitrogen requirements of the rumen micro-
orgénisms when the sole diet of the host anisal is one of low nitrogea
content (Egan, 196h).

It has been unequivocally established that supplements of uree
added to the diet or administered directly to the rumen are effective
in increasing the consumption of low quality roughages (Caspling et al.,
19623 Coombe & Tribe, 1963). It ham also been established that there
is a limit to the amount of urea that can be safely added to the rumen.
Excessive smounts may result in reduced food intake (Coombe, Tribe &
Morrison, 19603 Coombe & Tribe, 19633 FPhillips & Dyok, 1964), impaired
retisulorumen motility (Clark & lombard, 1951, Weiss, 1953; Coombe st al.,
1960), and eventually, the appearance of the more prenoumced sigas of urea
toxicity which have usually been attributed to the production of exceasive
amounts of ammonia in the rusmen (Clark, Cyeart & Quin, 1951; Cooamte et al.,
19607 Lewis, 1960).

It has been previously repeorted in this thesis that infusicns of
amino aeid containing materials may reduce food intake and the exeretion
of faecal dry matter. The absence of rumination on adsinistering
intravencus infusions of casein hydrolysate and intraduodenal infusions of
an amino acid mixture was also reperted. It was suggested that these
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observations indicated an alteration of gut motility. Such an
alteration might be caused by an inerease in the amount of urea recycled
to the rumen consequent on an enhancement of blood urea levels. For
this reason it was thought deasirable to examine the effects of urea
administered at different points along the digestive tract on reticulow-
rusen motility and food intake. In view of ite unpleasant taste,
additions of urea to the diet were avoided.

The psychioc, tactile, chemical and other stimuli experienced by
the feeding or replete animal contribute to the effective stimulation
of contractions of the reticulum and rumen (Titchen & Reid, 1965).
This suggests that the fasted anizmal may constitute a sensitive prepar-
ation for assessing the effscts of urea on gut motility. In part,
this was the reason for undertaking the initial experizents described
in the present chapter, which were concerned with the effects on
reticuloruzen motility of administering urea to fasted sheep by the
intraruminal and intraduodenal routes., Subsequently, the effects on
food intake and reticulorumen motility of intraruminal infusions of urea
and intraducdenal infusions of casein and am amino acid mixture were
examined. A discussion has been undertaken of a number of possible
sites and mechanisas of action of the stimuli accorded by both urea and
the amino acid preparations. It is concluded that the effects of these
infusions say be due in part to disturbances of electrolyte and water
metabolliss,

MATERIALS AND METHODS

Animals. Of the ten sheep used, five were fitted with duodenal ocannulas
as described in Chapter 2, and six vith rumen oannulae (Jarrett, 1948)
while seven had partial exteriorisations of the reticulum and rumexn
(T8tchen, 19583 Reid, 1963).
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Diet, feeding and housing were as described in Chapter 2 except that
sheep used in a fasted condition werc maintained on a medium quality
meadow hay (2.5% of D.M. as nitrogen). The sheep had free access to

water but were fasted 20 -24hr bLefore an experiment.

Infusions. Apparatus and solutions were as described in Chapter 3.

In addition, urea {3.D.H., AR grade), in aqueous sclution was administered
into the rumen as a single dose with the aid of a syringe, the nozzle of
vhich was fitted with a length of polythene tubing (60ca long, 2am {.d.).
The tubing wvas passed through the cannula and guided to different regions
of the rumen during the short (1 - 2uin) injection.

Recording. Kymographic records of the motility of the reticulum and rusen
were obtained by attaching to the exteriorisations threads connected to

the writing pens. A aystem of jockey pulleys was used to reduce artefacts
caused by body movements (Reid & Titchen, 1959). On some occasions ruamen
motility was recorded with the aid of a small partially inflated balloon
placed in the dorsal sac of the rumen and connected by rubber tubing to a
recording tambour. The times apent eating, idling and ruminating were
obtained from tracings of jaw moveaents recorded as described in Chapter 3.
The times spent lying and standing were by cbservation or from kysographic
records obtained with the aid of a balloon~-tasdour system arranged sc that
pressure in a balloon, cccasioned by the aaimal lying ia its sling, was

recorded.

Rumen liguor ssmples (10-20ml.) were obtained by resoving iagesta from
various regions of the rumen with a pair of forceps or by geatle suction
through a rubber tube. The liguor was expressed through auslin. Bub-
sanples for the estisation of ammonia were treated with an equal volume
of O.1N HCL,



Analrytical. pE of rumen liquoer was deterained within 2min of sampling
with the &ld of a Beckman model 76 or u Radiometer model 23 pH meter.

Aumenia vontent of rumen liguor was estimated with the method
outlined by Johas (1955) and blood COp, urea and ammonia content with
those of Conmway (1957). Ursase (0.5z1.), prepared by crushing two
tablets of a urease preparation (B.2.H.) in 10ml. of a 1 in 10 dflution
of the buffer described by Conway (1957), was used to liberate the

amnonia from the urea.

RESULTS
Experiments with fasted animals

Grose signs of urea toxicity may be resadily induced by the intra-
ruminal adwiniatration of relatively large amounts (10-40g) of urea
(Clark et al., 1951; Lewia, 1960). The main cbjective of the present
experinents was to study the effects on reticulorumsen motility of
administering urea in samounts that were insufficient to induce these
signs. In 2all experiments undertaken, observations on various blood
and rumen liquor parameters were made in addition to those on reticulo-~

rumen motility.

(a) e 2 es of a_ adn tered into the rume
On five oscasions, water (100al.) containing 2-6g urea was
administered as a single intraruminal dose to four sheep. The effect

of the precedure on retisulorumen motility is summarised below:

119
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TABLE 38, The effeet of infusing urea into the rumen on fraquency
_ of retisilum contrastions and some blood and ruman paraweters.

Tves | Nes of contractiocns/minm .» Tevels at J00min after
aheep intusion aurhf E0nin commensiag  Difference start of infusion of
Yo, Rt B
(mg/kg 30min befors 300ain after (A ~ B) Rumen ligquor Plood
B.¥W./uin) | start of start of : pH HH co Urea
infusion intusion (mg ¥H,~N (vo?s %) (mg/100ml.)
L100s1s)
s8 0,76 0.72 0.63 0.09 8,08 50.0 5140 6%.7
43 0.70 0.91 0.7% 0.18 8.70 7.7 59.0 60.2
H 0.71 C6h 0.39 0.2% 8.25 - - -
S0 0.81 0.57 0.25 Ce32 . - - -
58 1.1 0.97 0.4 0.57 8.50 64.1 5h, 2 "2.0
H 0.68 0.67 0.22 045 8,20 $%.2 65.0 60.0
55 1.02 0.75 0.28 0.47 8.20 66.7 $7.9 56.8
$0 0.97 0,66 0e1% 0.53 8.30 §3.3 63.0 1.9
50 0.62 0.73 0.42 0,61 8.20 0.5 62.6 9,1
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Fig.11. Sheep 55, 23,5kg, fasted 24hr. Ths effect of
injecting 100ml. water containing (a) 3g and (b) 6g urea
into the rumen (as at arrow) on the frequency of reticulum
contraction, pH and ammonia levels of rumen liquor, COp
and urea content of venous blood. Blood ammonia content
remained less than 75 aug NH}*N/100nl. throughout.
Contractions of the reticulum which occurred during any
attempted periods of rumination (which totalled less than
S5min) are not included. Note the marked reduction of
motility that occurred when 6 but not 3g urea were
injected.
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Amount of Tise after dosing Tise after onset
Sheep Bodyweight urea dosed until onset of of inhibition until
No. (kg) (g) inhibition (min) occurrence of a
contraction (min)
43 2h.5 2.0 26 48
55 23.5 3.0 No inhibition -
58 21.0 5.0 17 12
50 26.0 5.0 &2 55
55 23.5 6.0 1 30

With one exception, there was & sudden inhibition (latency, 16-42min)
of the major contractions of the reticulum and rumen which persisted for
12-55win before the reappearance of a reticulus contraction. Thereafter,
the frequency of contractions increased in an irregular manner towsrds an
apparent normal motility, During recovery, abnormal forms of motility
vere seen; oOn one occasion a series of reticulum contractions not
accompanied by rumen coatractions was observed.

In Sheep No.55, 6 but not 3 g urea resulted in an inhibition of
motility. The results of those twe experiments are presented in detail
in Pig.11. As with the other sheep, the maxisum effect on motility did
not coincide with the maxima of any of the blood and rumen liquor parameters
measured, The effects of the 3g dose on those parameters were similar in

nature but lesser in magnitude than those of the larger dose.

(b) Effects of infusions of urea into the rumen

In nine experiments, 6-10g urea were infused into the rusen over a
6br pericd. In each instance, & priming dose of lg urea in 50al, of
sater was injected through the rumsen cannula immediately before the start
of the continuous infusion (1-2ml./min of a 2% urea solution). The
results are summarised in Table 38; those of four consecutive experiments
(two eontrol (no~infusion) and twe infuasion days) with one sheep are
presented in more detail in Fig.12 and 13,
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Fig.12. Sheep 58, 21kg, fasted 24hr. The effect on
frequency of reticulum contraction of a continuous 6hr
infusion of a 2% urea solution into the rumen. Infusion
rate on Day 9, 23.8 and on Day 21, 15.8mg urea/min.
Each infusion preceded by an intraruminal injection of
50ml. water containing lg urea at the start of the
infusion. No infusion on Days 1 and 13. Contractions
of the reticulum which occurred during any attempted
periods of rumination (which totalled less than Smin on
any one day) are not included. Note the gradual
reduction of motility that was occasioned by the higher

dose rate.
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As judged by the effect on reticulerumen matility’.thcr. was a
sarked difference between sheep in their susceptibility to urea. In
addition, the suseeptidbility of those sheep given smore than one
infusion of urea may nct have been conatant. ‘then a change of motility
was observed, it consisted of a gradual reduction in the fregquency of
contraction from an initial level of 0.5-0.9 contractions/min to 0.1-0.4
contractions/min 4-6hr after the start of the infusion. Perieds of
varied freguency were cften observed at that atage.

There was no obvious relationship between the magnitude of the
reduction in motility and any of the blocd or rumen liguor parameters
measured. Blood amponia content did not rise above 109p3 NA3~N/100m1.

The frequency of reticulua contraction was generally greater when
the sheep wezs atanding than when they werse voluntarily suspended or
lying in their sling, & decrease in height of approximately 10cm from
the standing position. This is apparent when the data of Fig.12 are

represented in tabular forami

Rate of urea = Recording Time apent No. of reticulum
infusion into time standing as contractions/min during:
Day the rumen (min) per cent of
) recording time Standing  Iying
1 (v} ko2 80.%4 0.79 0.54%
9 23,8 403 69.2 0.58 c.21
13 0 334 68.3 0.75 0.55
21 15.8 418 66.7 0.66 0.56

These differences vere often accontnﬁtod during the infusion of urea,
most noticeable as in the above instance, at the higher dose rates of
urea,

Irrespective of any effects on reticulorumen motility the ures may
have had during its infusion, the presentation of fresh food at the
end of the infusion was immediately followed by vigorous feeding and a

izl
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Fig.14. Sheep 29.5kg, fasted 20hr. Inhibition of
reticulum and rumen contractions on injection as at

signal of 200ml. isotonic NaHCO, (14.0g/1.) into the
Jugular vein. Sequence of recérda from above down-

wards: jaw movements, anterior dorsal rumen, reticulum,
signal, time marker 1 min,
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frequency of contraction of the reticulum at a rate of up to 2.5
contractions/min. lowever, when feeding followed an infusien that
had depressed reticulorumen motility, an abnermally low frequency of
contraction was often sesn when the sheep was idle in the 10.16hr

after the food was offered.

(c) Effects of intraduodenal infusions of urea
A continuous intraduodenal infusion of a #% urea sclution (0.0kg

urea/min, equivalent to 1.63-1,90mg urea/kg B.%./min) for 6-8hr was
without effect on motility. The levels of urea in the blood at the

end of the three experiments performed were 102, 106 and 112mg urea/100ml,
There was no appreciabls difference as regards the pH or ammonia content
of rumen liquor or the €0y content of venous blood between samples taken

before and at the end of the infusions.

(d) Bffect on motility of an intravenous injection of NaHCOs
Three sheep were each given sn injection of isotonic NalHCU3 through

a catheter lnaerted in the jugular vein. An inhibition was observed on
one occasion (Fig.14). The sheep concerned had been previously used
for a number of experiments involving the administration of urea into
the rumen, the laat of shich was eight days previous to the present
experiment. Similar injections had no effect on the reticulorumen
motility of the other two sheep, nsither ¢f which had been previously

given urea.

(a)

Intrarueinal infusions of urea reduced both food intake and
faecal dry matter output (Fig.15). The reduction of food intake
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Fig.17. The frequency of reticulum contraction
and the time spent each hour in eating. ruminating
and idling during the four infusion days of the
experiment shown in Fig.16. The data are for the
12hr commencing at the start of infusion.
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Fig.16. The effect on food intake of infusions
~of 750ml, water containing urea equivalent to O,
2.5, 7.5 and 10g nitrogen into the rumen of one
sheep (29.5kg). The time of presentation of
fresh food is denoted as Ohr; the infusions
commenced 1hr before that time and were for ihr.
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commencing at the time of presentation of fresh food
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ocgurred mainly during the 8hr ianfusicn period and was partly
compensated for by an increase during the subaequent 16hr. Thias
contrasted with the observation made when casein (70g, equivalent to
10g nitrogen) in 750ml., of water was infused in a similar manner to
that of ureas it bhad no detectable effect on sither food intake or
faecal dry matter output of the same three sheep.

The effects on food intake and reticulus motility of intraruminal
infusiona of urea end the relationship between these two parameters
were examined in one animal. The food intake of that animal was
reduced on the days of urea infusion (Fig.16). The reduction was
particularly marked 2-4hr and, in the case of the highest rate of urea
infusion, #-6hr after the time that fresh food was presented. On
that occasion the effeot on food intake persisted for 2.3 days, for it
was not uantil then that a level of intake similar to that recorded on
the days before infusion was observed. The frequency of reticulum
coatraotion was reduced when urea equivalent to 7.5 and 10g nitrogen
was infused, reaching a minimums at or shortly after the end of infusion
(Fig.17). In the case of the highest nitrogen infusion rate, the
frequency was still below normal at the end of the 12hr recording
period (rig.174). The freguency of contraction recorded on infusion
of the lowest nitrogen infusion rate (2.5g, Fig.17v) was generally
lower than that recorded on the day that water was infused (Fig.17a).

The time espent ruminating was reduced and eating was more evenly
spread over the 12hr recording period when urea was infused at the two
highest dose rates than on the day the water was infused. These
affecte are apparent shen the data of Fig. 17 are represented in
tabular form:

125
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“Rate of

Total Time apent at each No.of reticulum contractions/min
infusion | recording | astivity as per cent fer: 12hr
(g K/4hr)| tine of total recording time Each activity recording
(nin) 2e 2 1 E___ R I _ peried
0 720 47.6 33.5 18.9 1.0 1.02 0,77 1.01
2.5 716 39.1 27.0 33.9 0.9% 1.0 0.65 0.87
7.5 716 47.5 22.6 29.9 0.8 0.99 0.50 0.78
10.0 708 46.1 9.7 &b, 2 0.76 0.917 0.52 0.67

Theae

*E = eating, R » ruminating and I = 4dling

data suggest an inverse relationship between the amount of

urea infused and the frequency of reticulum contraction during eating,

idling and for the 12hr period as a whole. In contrast, the frequency

of reticulus contraction during rumination was affected only slightly.

The infusion of urea squivalent to 10g nitrogen, appeared to have a

persistent

effect for, on the days following that infusion, the frequency

of reticulum contraction progresasively increased at a rate similar to

that of the inorease in food intake (Table 39). A frequency comparable

to that recorded on the pre-infusion days was observed on the fourth day

after infusion.

TABLE

39. Time spent eating (E), ruminating (R) and idling (I)

and the frequency of reticulum contrastior during each activity
for Shr commencing 1hr before the astart of feeding on the day of
infusion of urea equivalent to 10g nitrogen into the rumen (Day 5)
and for comparable timez on days before and after that of infusion.

Total Time spent at each No.of reticulum contractions
Day recording|activity as per cent of | /min for: 8hr
time total recording time Each activity recording
(min) | B 2 I E R I  period
1 hah 64,8 27.h 7.8 1.10 1.1 0.76 1.08
2 k39 61.0 23.0 16.0 1.13 1.08 0.71 1.0%
3 W80 55.9  30.bh 13,7 1.1 .03 0,74 1.0k
b bk k2.1 35.6 223 1.07 .03 0.79 0.99
55— W§8~—| b9, 01k, §e36 , 2~ 0,76~— 0,910, 410,66
6 460 71.6 21.7 6.7 0.97 1,00 0.61 0.93
7 A&7 60.2 11,3 28.5 0.7 0.98 0.73 0.90
9 M3 57.0  23.6 19.4 1.10 1.06 0.76 1.03
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The cbserved maxima of ammonia and pH levels of rumen liquor
were at the end of the infusion period (Fig.18). In contrast, the
highest levels of urea in the blood scourred A-8hr after the end of
infusion, In each instance, the maguitude of the increase was related

to the amount of urea infused.

(b) e effects o a 1 fe on reti

motility

From the results of Experiment 6 and 8 (Chapter 2) it might be
expected that the intraduodenal infusion of a relatively large amount
of casein in a small volume of vehicla that was hypertonic relative to
duodenal contents would occasion a decrease of food intake. Ceonversely,
it might be expected that the intraduodenal infusion of a relatively
small samount of casein in a large volume of hypotonic vehicle would
increase food intake. It was reasoned that if the intraduodenal
infusion of casein was to affect gut motility, then the effect may be
enhenced by one or both procedures. On this basis, two contrasting
treatments were compared. They were:

(1) Casein (100g) in 750ml. hypertonic Blaxter's Saline
(398 mosm/xg water) and,

(11) Casein (S0g) in 1500ml. hypotonic Blaxter's Saline
(106 mosm/kg water).

The control was the Zhhr period immediately preceding the start
of the infusions. The infuaion period was for Shr (0-8hr) commencing
at the time of presentation of fresh foed. The sheep (No.37, 29kg B.W.
and No,112, 30kg B.#.) were used alteraately ard the sequence of
infusions wvas selscted randomly. Jaw movements and motility of the
retioulum were recorded for a 48hr period commencing 2bhr before the
start of an infusion.
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TABLE 40O. TYood intake, time spent eating (), ruminating (»)
and idling (I) snd the frequemey of reticulum contraction for
each activity for two sheep on the day before (Day 1) and the
day of (Pay 2) intraducdenal infusions of casein or Blaxter's
Saline.Infusions were for an Bhr peried starting at the time
of presentation of fresh foed.

Food Total Time spent at eash No.of retisculum coa-
Sheep Day intake reeording activity as per cent tractions/min fori 2bhr
No, (g DM) time of total rescording each activity period
(min) time
R 1 ) R b §

87 1 726 1349 16.2 »7.1 36.6 1,49 0.99 0.78 0.99
2 597 1528 16.0 49,2 3h.9 1.32 0.88 0.66 0.87
112 1 660 1416 19.2 My.b 36.4 1,90 0.8%5 0.69 0.8+
2 581 1438 21,3 46.5 32.1 1,02 0.8% 0.5 0.79
87 1 613 1374 7.8 %51.0 31.2 1.35 0©0.9¢ 0.78 0.96
2 543 1434 19.0 46.7 3M.2 1.3 o0.9?7 0.82 0.9
112 1 800 147 22.% 45,0 32,5 1.% 0.97 0.8 1.02
2 BhS 1376 26.2 4,7 29.1 1.26 0.97 0.8 1.00
87 1 597 1368 19,5 43.0 37.5 1.29 0.92 0.73 0.92
2 759 1432 23.0 &9.0 28.0 1,26 0.93 0,76 0.9
112 1 766 15426 28.3 3.1 32.7 1,29 0,95 0.76 0.95
2 937 143 7.7 M6.5 29,8 1.17 1,08 0.82 1.02

(@) 1500m1. Hypotenic Blaxter's Saline

87 1 723 1436 a2.h 43,6 3.0 1.3 ©0.9% 0.8 0.9
2 783 1436 20.4 &7.9 3.7 1.%1 1.01 0.

112 No data available
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The results are presented in Table #0. Whenr for any one
treatment, the results for the day of infusion (Day 2) are compared
with those for the day before infusion (mo-infusion control, Day 1),
the data may be summarised as follows:

(a) The infusion of the preparation containing 100g casein was
acoompanied by a decrease of both food intake and frequency of
reticulus contraction (Table 40a). The effect on motility was
observed irrespective of the activity of the sheep.

(b) The infusion of the vehicle alone had no obvious effect on
motility even though in ocne inetance it sas accompanied by a reduction
of food intake (Table 4Ob),

(c) HNeither the infusion of the preparation containing 50g
casein nor the infusion of the hypotonic vehicle alone had marked
offects on reticulus motility. Both of these treatments werse
accompanied by an increase of food intake.

(d) An obvious effect on the times epent at each activity was

not observed with any of the infusions.

(¢) Effec

asca tte ut

Two sheep were used. The observations on one (Sheep No.112)
were made during Experiment 11 described in Chapter 3 while those on
the other (Sheep 87) were made on completion of that experiment.
The solutions and their infusion were as desc¢ribed for that experisent.
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TABLE b1,

Time spent eating (E), ruminating (R) and idling (I)

and the frequency of reticulum contraction during each activity
for two sheep en the day before (Day 1), the day of (Day 2) and
the day after (Day 3) the imtraducdenal infusion (O=-8hr,
of an amino acid mixture (1500ml. 0,3g amino acid N/kg B.¥.).

2)

Time of Total Time apent at sach No,of reticulum con-
Day “‘ recording activity as per cent of tractions/mia for
(hr time total recording time. each astivity
(min) ] R I 4 R 1
Sheep No.112
o- 8 480 53.7 6.7 29,6 1,28 1.06  0.8b6
1 18.16 :%2 :f; 53.71 29.0 1.34 0.97 e.85
&g& .5 %i' 1, 0,88
2% 1417 29, .9 %% 1, 0.98 .
[ J 480 8.1 10.6 8t.3 0.8% 0.84 0.21
2 18—16 480 ;J.? ~o ; ss.z 0.73 5.-.5 0.12
0 4}
1‘;’% TH’ i;':'ﬁ i‘g‘i . 0.93 o"ﬁ".
c- 8 &80 ;i.h 23.7 32.9 0.92 0.97 0,66
3 18-15 heh 1.2 k5.7 29.7 1.31 0.93 g.ss
< 1
% 1’% 5.5 S 6'"& " 0o
Sheep No, 87
0- 8 b8 1,8 23.3 34,9 1.? 0.95 o.";
1 18-16 480 :5*6 52,3 32,1 1.4 0.97 0.
R — a2 :
O~ 8 »80 17.1 0 82.9 1.21 - 0.06
2 8-16 480 7.5 16.5 76.1 0,64 1,14 0.16
1 _
R
o~ 8 465 bh,7 12,53 43.0 1.22 1.4 0,72
3 8.16 80 15.0 1346 1.4

31,4

i
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Fig.19. The frequency of reticulum contraction and the
circadian pattern of eating and ruminating on the day
before (Day 1), the day of (Day 2) and the day after
(Day 3) the intraduodenal infusion of an amino acid
mixture to two sheep. The infusions (1500m1,, 17mg
nitrogen/min) were for 8hr commencing at. the time of
presentation of fresh food.
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The marked reduction in food intake and faecal dry matter output
on the day of infusion of the amino acid mixture is illustrated by
the following data:

Foed intake (g DH/day)| Fsecal output (g DM/day)
Day for: fort
Sheep 87 Shesp 112 | Sheep 87 Sheep 112
1.Day before infusion 628 789 368 453
2,Infusion day 259 290 177 2h3
3.Day after infusion 460 590 283 324

Lesa obvious effects were appsrent on the day after infusion.

The infusion of the amino acid mixture had a marked effect on
the reticulum motility of both sheep (Fig.19); contractiocns of the
reticulus being absent for 6~7hr on the day of infusion. The
latency of responme was markedly less in one sheep than in the other.
Contractions reappeared 1-3hyr after the end of infusion at en irregular
and increasing frequency. Nelther eating nor rumination occurred
during the time that contractions of the reticuluam were absent; both
activities recommenced after the reappearance of reticulum contrasctions.
As judged by frequency of reticulum contraction, the effects of the
infusion psrasisted until the day after infusion (compare Days 1 and 3,
rig.19). |

The effects of the infusion on freguency of reticulum coatraction
were most nsrked while the sheep were eating or when they were idles
this was in contrest to the lack of effect when the sheep were
ruminating (Table 41}, These effects were most marked on the day of
infuaion (Day 2, Table &1)., Similar but less marked effects were
observed on the day after infusion (Day 3).
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Fig.,20. Relationship between the mean frequency of
reticulum contractions and food intake for each of three
sheep, The data for Sheep H are recalculated from the
data presented in Table 38, Fig.16 and text ard are for
the 6hr commencing at the time of presentation of fresh
food. The data for Sheep 112 and 87 are from the data
presented in Tables 40, 41 and text and are for the 24hr
‘period commencing at the time of presentation of fresh
food. Note that a similar linear relationship was
apparent for each sheep.
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The infusion of the emino acid vehicle, Salt Solution, was not
accompanied by any marked change in the fregquency of reticulum
contraction or activity of the sheep (Table 42), This was co sven
thouph it was accompanied by an increase in faecal dry matter output
and, in one sheep, an increase of food intake,

TABIE #2. Time spent eating (E), ruminating (R) and
i1dling (1) and the frequemcy of reticulum contraction
on the day before (Day 1) and the day of (Day 2) and

intraducdenal infusion (0-8hr, Day 2) of the amino acid
vehicle (S8alt Solutionm, 1500ml.)

Total Time spent at each No.of reticulum FPood ¥aecal

Day recording activity as per cent contractions/min intake output
time of recording time for each activity (gDM/ (gnﬁ/
(min) E R I x R I day)

Sheep No.87
1 1436 22.4 b3,6 3%.0 1.3 0.95 0.8 716 330
2 1k12 k.8 42.8 32.4 1.38 0.99 0.8&% 680 3hb

Sheep No.112
1 1440 28.4 47.0 24,6 1.30 0.96 ©.73 8357 479
2  1h3k 25.8 7.4 27.1 1.28 0.95 0.7 955 b83

DISCUSSION

A striking result of the series of expsrizents described ia this
chapter was the demonatration that those infusions which elicited a
reduction of food inteke alsv reduced reticulorumen motility. This
vas 80 irrespective of the nature of the materiesl adminiatered, the
route of infusion and the duration of the effect on food intake. A
common relationship existed betwsen food intake and retisulusm motility
regardless of shether or smot an infusion was made and whether or net
an infusion effectsd a chaenge of food intake (Fig.20). Alternative
interpretations thst may be placed on these data include:

(a) That a reduction of reticulorumen motility was the primary
cause of the reduced foed intake. It is generally accepted but largely



126G

unproven that the motility of the reticulum and rumen assist in the
transfer of digeata to the omasum and to more caudal regione of the
gut (Reid, 1963). Balch & Campling (1962), Blaxter (19€2) and
Campling (1966) have emphasised the possitle importance of flow of
digesta from the reticulorumen in determining food intake.

(b) That a reduction of motility was a consequence of reduced
food intake. The control of the motility of the rumen and reticulum
is largely reflex in nature and the importance of afferent stimuli
arising from the gut itself has been eephasised (Comline & Titchen,
19603 Titchen, 1960; Titchen & Reid, 1965). 'The vature of some
of the receptors concerned (e.g. those sensitive to stretch and
tactile stimulation of the walls of the reticulum and rumen) suggest
that the efficacy of the afferent input to the medullary centres may
be dependent in part on the level of food intake.

(c) That the relationship was due to indirect causes. Changes
in either the level of excitability of the nervous system or in the
influence of the higher ceantres may have had an effect that was
common to both food intake and retisulorumen motility.

Bvidence enabling a distinction to be made between these
possidbilitiem was not obtained in the experisents reported here. It
is clear that the interrelationships detveen nitrogea infusions, gut
function and food intake are ceomplex.

A marked reduction of faecsl dry matter output ascompanied the
intraduodenal infusiom of the amino acid mixture. It was alase
observed when urea sas infused into the rumen of the feeding animal.
Such a reduced output could be due to a reduction ia the rats of
propuleion of digesta alomg the gut howaver ocoasioned. If this
were mo, then it iz net odvious why a reduction of faecal dry matter
output was observed in Chapter 3 when an intraducdensl infusion of
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gasein or casein hydrolysate elicited an increase of food intake.
8triking though these reductions were, a decrease of even greater
proportions was recorded by Lgan & Moir (1965). These workers found
that the intraduodenal infusion of either urea or casein increased
the consumption of a low gquality roughage by sheep. Although no
comment on it wae made in their published psper, the data of their
Table 5 reveal that the increass of food intake was accompanied dy an
almoat equivalent reduction of faecal dry matter output.

The time course of the effects on food intake of intraruainal
infusions of urea was similar to that previcusly observed when casein
was administered by the intraduodenal route or when casein hydrolysate
was given intravencusly (Chapter 3). 1In each case, the effects
occurred mainly during the period of infusion, irrespective of whether
an increase or a decrease of food intake was observed. These
observations emphasige that any proposed mechanism must be able to
account for the rapid onset of the effects of the infusions on food
intake as well as the existence of both short snd long term effects.
Kore persistent effects were observed when urea equivalent to 10g
nitrogen was infused ianto the rumen over a 4hr period commencing 1hr
prior to the presentatiocon of fresh food. Again, effects comparable
to this were observed when aainc acid containing materials were
adainistered; in this case the intraduodenal infusion of the amino
acid mixture.

In the case of urea, the persistent effects may have deen due
either te changes in the ecclogical balance of the various aicro-
organiess in the rumen microbiota or to deleterious effects on
microbial activity. ©On the other hand, the asimilarity eof effects

betweer urea and the amino acid mixture may indicate the animsl itself
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to be involved, including perhaps, damage t¢ the rusen epithelium
or to receptors located in the walls of the reticulorumen and else-
where in the body.

On occasions the administration of urea by either dosing or
infusion was without obvious effect ocn the reticulorumen motility of
the fasted anisal. This was so even though substantial changes in
bloeod and rumen liquor composition were detected. This may indicate
that there ims a threshold to the effects of urea although no evidence
of this was apparent from the changes in the oconceatration of those
blood and rumen liquor parametera that were measured.

The varicus effects observed during the tine that a reduction of
reticulorumen motility was apparent may be of some moment whern con-
aidering the site and mechanisms of action of the nitrogenous infusiona.
The observation that abnormal forms of reticulorumen motility occurred
at that time may indicate that:

{(a) The effects on motility were not a consegquence of a reduction
cf food intake.

(b) Contractions of the rumen are more susceptible to inhibition
than are those of the reticulum; this is true for at least some forms
of atimuli (Titchea, 1960; Reid & Titchen, 1965).

(c) The infusion was acting to inhibit some forms of motility or
the contractions of soae areas of the reticulorumen in preference to
others. Some support for this suggestion is found in the observation
that the freguency of contraction of the reticulus during rumination
was relatively resistant to change. This was so during the infusion
of both ures and amino acid containing material. It is emphasized
howsver, that the incidenmce of rusination was markedly reduced, almeost
as if the infuaions acted to reduce the inmitiation of rusinationm dut
were with little effect on the mechanisms responsidble for its comtinuatioen.
In order to establish thease suggestions on a more coavincing dasis it is



clear that a study of reticulorusen motility more detailed than that
undertaken here is required; 1ia purticular one that enables the
relative ocourrence of 'A' and 'B*' sequences of contraction to be
assessed, Alternatively, the reduced incideance of ruminaticn when
urea was infused into the rumen of the feeding animal may be explicable
in teras of taste atisulation. Urea is known to have an unpleasant
taate in man. It is possible that the recycling of urea in the
ealiva aad the intermittent regurgitatioan of digesta during rumination
may have accorded a strong and disagreeable stimulus to receptors
located ir the mouth, pharynx and even the oesophagus; a stimulus
which resulted in a reluctance of the sheep to ruminate or the early
tersination of an episode of rumination. Such a suggestion may seem
unlikely in view of the report that "sheep rsadily consumed large
amounts (up to 100g) of urea per day provided the concentration of
urea in the ration did not exceed 6%" (Coombe st al., 1960). It is
algso to be remembered that a reduced incidence of rumination accom-
panied the infusion of both the amino acid mixture and the casein
hydrolysate.

The aagnitude of the reduction of motility vas dependent in
part on the dose rate of urea, the activity of the sheep arnd the sheep
itself. The less frequent cccurrence of reticulum coatractions in
the lying or prone anizal as compared with that when the animal was in
the standing position has been noted by other workers (Freer st al.,
1962; Dsiuk & MeCauley, 1965). It is also known that the Ireguency
of contrsstion of the reticulum varies according to whether the amimal
is eating, rusinatimg or idle (Balch, 19%52; Reid, 1963), The
tendency for the most marked effects on motility to ocour during the

time that the frequency of contrastion was normally the least suggests

22



that the infusions acted to accentuate effects that are characteristic
of the noraal animal., Fver more striking was the appearance of
contractions at an enhanced frequency when fresh food was offered to

the fasted animal., It was as though the stimuli afforded by the
presentation of food overcame a reduced level of sensitivity or
insreased inhibition consequent on the prior administration of urea.
When eating ceased after an initial period of vigorous eating, the
return to a sub-normal frequency suggeste that a reduction of excitatory
stimull, associated perhaps with the partial satisfaction of "hunger",
allowed the inhibitory effects of the infusion to become deminant once
zOre. Changes in the balance of excitatory and inhibitory stimuli

may explain why 2 higher rate of urea infusion to the feeding animal
resulted in a less marked reduction of motility even though conaiderabdle
quantities of ammonia were detected ir the paripheral blood. By
inference, the inhibitory effects of the amino acid mixture were of
sufficient magnitude to bring about a complete cessation of the
sontractions at a time that feeding would be normally taking place.

The intreducdenal infusion of urea to the fasted animal was without
obvious effect on the motility of the reticulorumen. This is in accord
with the commonly held belief that urea owes itz toxicity to the
excessive production of assonia consequent on its hydrolysis by the
rumen microorganisas. Acid~gensitive receptors, which when stimulated,
inhibit contractions of the reticulua and rumen have been postulated to
oceur im the reticulorumen walls (Ash, 1959)., Although Igge (1957)
concluded that there are rsceptors in the cat stomach which respond
speeifically to alkalime solutions, Ash found that imtroduction into
the rumer of buffered molutions iz the pH range 7.9 « 10.1 was without
marked effeaot on reticulorumen motility., It was suggested that the
epithelium may have beea imperseadle to the sclutions used. Asmonis
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readily croeses cellular barriers whem in an unionised form, the
extent of icnisation being less at high than at low pR (Warrea, 1962).
This is reflected in the observation by Hogan (1961) that the rate of
passage of ammonia from rumen contents through the ruxen wall was
directly related to pR and ammonia content of the rumen liquor. Ian
the present work, & reduction of motility was not related to a
combination of high pH and smmonia levels of rumen liquor (Table 38,
Pig.11 & 13). This might suggest that alkali-sensitive receptors,

if present, were not involved in the inhibition of motility.

The ensyme urease occurs in the atomach of man and wany other
sassals (Kornberg & Davies, 1955). Since the enzyme is rapidly in-
activated by acid and pepsin, it 1s thought to be situated in the
stomach wall at a site protected f{rom the action of these agents
(Kornberg & Davies, loc.cit). "Urea available for hydrolysis comea
in contact with the ensyme as water containing it flows from the
plasma through the mucosa during gastric secretion " (Davenport,

1966, p.113). The result is that some of the acid secreted is
neutralised by the ammonis formed during the hydrolysis. The extent
of neutralisation is dependent on the wrea levels in the blood; it
may amount to half the acid secreted when large amounts of urea
(10-25g) are ingested (Fleshler & Gabuzda, 19653 Davenport, loa.oit.).
Titchen (19%8) has shomm that the imtroduction of acid into the
abomasue of the decerebrate sheep serves as a strong stinulus to
contraction of the retisulus., On this basis it might be argued that
in the ruminant, elevation of bleod urea levels may result in the
vithdrayal of this stisulus with a consequent reduction in the
frequency of retisulum contrection. The abseace of aany such redustion
when urea was infused into the ducdenum of the fasted sheep suggests
that under those conditions, ures was not acting in this manner.
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In contrast to the absence of effects when urea was infused into
the duocdenum, the same route of adainistration of the amino agid
mixture led to a profound inhibition of reticulorumen motility. The
effects wers similar to those induced by the intraduodenal infusion
of fat or fatty acids (Titchen et al. 1966)in that there was in both
instances a marked effect on food intake &nd reticulorumen motility.
Mcleay (1967) has shown that included in the effects of fats and
fatty acida, whether administered by the intraduodenal or intravenous
route, is a reduction in the volume and concentration of acid secreted
by a form of separated (Neidenhain) pouch of the abomasum. The
mechanisme whersby these effects were induced has not been established.
In animals with a simpler form of stomach, the intraducdenal instile
lation of proteins or the products of protein hydrolysis as well as
fats and fatty acids inhibits gastric motility and seecrstion (Thomas
& Crider, 19393 Thomas, 1957) and also delays the rate of stomaoh
empting (Persino et al., 1959). Thomas (1957) has suggested that a
reflex mechanism is involved but the imtraducdenal izstillation of
peptones to dogs has been found to inhibit the motility of fundie
powches deprived of sympathetic and vagal inpervation {(Johason &
Magee, 1965) and of transplanted gastric pouches (Brown et al., 1967).
Sirecus (1958) has concluded that an ocsmoreceptor mechanism, sensitive
to chaages in the csmolality of duodenal contents conssguent on the
duodenal instillation of hypertonic solutions of saline, proteins er
fats, may cause the release of a humeral agent. Menguy (1960) has
discusssd the peasibility that some of the inkhibitory effectsz of fats
might be due to csmotic stimulation. The poesibility that the hormone,
enterogastrone, may play an important part in regulating the motility
and seoretion of the ruminant gut has been discussed dy Titchen st al.
(1966) and in greater detail by Mcleay (1967). Mcleay concluded
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(p.1268) ™It appears unlikely.....that a single mechanism sperates in
mediating the effects on guatric secretion and motility: rather a
nusber c¢f mechanisme acting seperately, additively or aynergiatically
should dbe envisaged whether they he blood levels of fatty acids,
glucose or aminoc acids, inhibitory horamoses or am inhibition of
stimulatory horacnes, peripherally or centrally sited camoreceptors or
even neural reflexes”, The relevance of these remarks to the present
work is suggested by:

(a) The striking difference betwear the effects of intraduodenal
infusione of the amine acid mixture and those of casein, The amino
acid mizture appeared to act at sites or on mechanisms that were not
accessible to the casein. TIn addition, the effects of the amino aeid
aixture were persistent suggesting that on those occasioms changes ¢of
a profound nature may have taken plaoce.

(b} The intraduodenal infusion of casein had at the most only
a 3light effect on motility even though it was adainistered at a dose
rate that was higher in terms of nitrogen than that of the amino acid
sixture. What effect was observed appeared to depand on the vehicle
as auch as the casein. It is possible that the effects of the cassin
were mediated by receptors that were located in the walls of the
inteatines or the portal vascular field and that stimulation of those
receptors led to a reduction of abosasal outflow with & consequent
distension of that organ, Such a distension would lead to a reduction
of reticulorumen motility (Phillipson, 1939; Titchen, 1960)., It is
suggested that there is ia addition some mechanism sensitive to
giroulating levels of amino acids, one which msy account for the more
narked effeats of the smino acid mixture, It is also possible that the
amine acid mixture stimulated recaptors ia the intestinal walls more
effuctively than did casein.
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(e) It seems probable that the intravenous infusion of casein
hydrolysate {(Chapter 3) effectively inhibited reticulorumen motility.
There was a striking similarity betwsen its effects on the activity of
the eheep (as judged from the records of jaw movements) and the effects
of the amino acid mixture.

Some emphasis has zlready besn placed on the similarity of

effects induced by urea to those induced by amino acid coantaining
materials. The moat marked similarity perhaps, was seen in the effects
of the infusions on the demea&nour of the sheep. Irrespective of whether
the treatment imposed was the administration of urea into the rumen, the
intraduodenal infusion of the aminc acid aixture or the intravencus
infusion of casein hydrolysate, a conditicn of somaolence with an
asaociated depression of sensitivity prevailed during the later stages
of the infusion. It seexzz reasonable to propose that not only was there
a similarity in the effects of the infusions dbut also in the mechanisms
mediating those effects. Thers is a substantial body of evidence to
indicate that such was the case, and that the afferent stimull were in
part dependent on, or clesely aseociated with, changes in electrolyte
and/or water metabolism. In previous chapters of this theais it was
suggested that some of the effects induced by the administration of
amino acid containing materials were dependent on changes of this aature.
This led to the demonstration that the intraducdenal infusion of casein
was acoompanied by a potassium retenticn of considerable magnitude.
There is strong but lesa direst evidence that in the case 5f urea too,
its adeministration into the rumen may affect slectrolyte diatribution.
Clark & Lombard (1951) in their studies on the causes of urea toxicity
found that a complete cessation of rumen contractions immediately

followed the intravenmous injection of either 100ml, of 1% NaOH or 150ml.
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of & 18 solution of ammonia, They considered this to constitute
“gonvineing proof of the central origins ¢f the rusinal paralysis' and
that the paralysis was not directly due to alkaline conditions in the
rymsen but to "aa upset in the acid-~bame bdalamce of the dlood”., Weiss
{1953) found that after docing'312603 into the rumen, there was an
inverse relationship between the GGa combining power of the blood and
the ability of the sheep to eructate air that wes insufflated intc the
rumen. The impairment of reticulorumen motility persisted for as

long as the CO_ combining power of the blood was enmhanced -~ up to 72hr

2
after the dosing of the 5&2605. In the present work, evidence to
suggest that the intraruminal administration of wrea wmas accompanied by
changes in the acild-dase balance of the blood ia seen in the effect of
this treatment on the 062 content of venous dlood (Pig.1%, 13 and 18).
It is exphasised that in the experiments with fasted sheep there
appeared to be little relationship between this and the reduction of
sotility. Additional evidence was cbtained from the inhibition of
reticulorumen motility produced dy the intravenocus infusion of NQXGO3.
This observation is regarded as bdeing of some moment even though a
rssponse was obtained on only one occasion., It contrasts with those
situations where NaCR or ammonis solutions have been employed (Clark
& lombard, 1951); procedures which may be regarded as being grossly
unphysiological and likely to induce intense irritant effects either
loceally or at more distant sites. It is clear that a study of other
agents, both gaseous &nd liquid, that are kaewn to induce a state of
alkaleosis or ascidesis would be of interest.

The manner in which urea may effect changes in acid-base balance
resains one of speculation. It was apparently not dependent on the

appearance of ammonia in the peripheral sirculaticn. A clue to its
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elucidation is suggested by the work of Engelhardt (1963b). He found
that the intraruminal injection of 2.5 « 5.0g urea was accompanied by

a 5 « 10 fold increase in the concentration of sodium iu the rumen
liquor. He suggested that the active transport of sodium from the

rumen wag inhibited and that a diffusion in the reverse direction occurred.
Whatever the mechanism, it is clear that a major redistribution of
electrolytea, and in all probability, water had occurred; it is also
clear that the retention of sediun and potassium obssrved on the intra-
ducdenal infusion of casein (Chapter &) may have in fact, reflected their
transfer from the tissue to the rumen. The investigation of the role of
ths retioulorumen and poeeibly other regions of the gut in the determin-
ation of electrolyte and water distribution within the ruminant would de

of obvious interest.
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CHAPTER 6

GENERAL DISCUSSION

This thesis has been conceraned with the gquestion as to how
intraduocdenal infusions af protein modify the food intake of sheep.
Eaphasis has been directed towards a definition of the effects induced
snd of the mechanisas involved. The outsetanding conclusion that has
emerged has deen that the situation is one of conaideradble complexity.

The main points leading to this conclusion are suamsrised below.

1. The infusion of amino acid containing materials induced a
sultiplicity of effects. A change of food intake was just one of those
effects. Others included changes of water intake and reteation,
electrolyte and faecal dry matter excretion, blood composition and
retioulorumen motility.

2. The effects of the infusions were modified by several factors.

(a) Nature of the amino acid material administered: an unequivocal
increase of food intake could be demonstrated only when casein was the
material adainistered. The effects of other materials tried were either
equivocal or a clear inhibition of food intake.

(b) Route of infusion: an increase of food intske was observed only
wvhen infusions were zade into the duodenus.

(c) Dose rate: on increasing the dose rate of casein, the excitatory
effect on food intake mas either reduced or changed to one of inhidbition.

(d) Vehicle: the response to an intraducdenal infusion of casein was
determined in part by the composition of the vehicle. It was also
modified by a preliminary infusion of water. On occeasions, infusion of
the vehicle 2lone exerted a sarked effect om food intake.

(e) Amimal variation: on occasions marked variation occcurred between
and within animals. No obvious differences were observed to accoumt for
this varistion.
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3. The effects of the infusions on food intake were variable, This

was 80 when intraduodenal infusions of caseln were administered each day
for several days and when they were restricted to a single 8hr infusion.
In the latter case, the same procedure might induce either an fncrease

or a decrease of food intake.

b. The effects of the infusions on food intake were rapid in omset and
of short duration. They generally cccurred during the period of infusion
irrespective of whether a decrease or an incresase of food intake was
observed.

It would seem unlikely that a single sechanisa could account for all
the features listed above. Hore probably a nusber of mechanisms were
operative, mechanises involving receptors located at various sites in the
body and responding to a reuge of atimuli. Depending on the various
factors modifying the effects of the infusions, cne or another mechanism
or group of sechanisms predominated. Thus, the net effect on scae
ocoasions was an excitation of food intake, on otheras, no obvious change,
and on others again, an inhibition.

The identity of the mechanism(s) involved remains uacertain.
Although some clues as to possible mechaniems were obtained in this study,
precise definition was not possible. Rather, the obamervations sade here
have served to indicate the wide range of problems which must be resoclved
before such a definition can be atteapted. Those recogunised so far
include:

(1) The relationships between changes in food imtake and the other
effects induced by proteinacecus infusions: the effect on food intake
aay be dependent on one or more of the co-existing effects on blood
composition, gastric metility, etac. Nelither the evidence provided by
the experimsats described here, nor that found in the literature, allows



agy more than speculation as to the nature of these relationships.
This should be borne in mind when considering the suggestion, discussed
below, relating to the isportance of water and eleotrolyte metabdolisa.

(11) The properties of casein, casein hydrolysate and amino acid
soluticns determining their contrasting effects when infused into the
duodenusm: 1t remains uncertain as to whether the predominating factors
are chemical, e.g. the extent of hydrolysis of protein, the apecies and
proportions of amino acids present, or physical, e.g. the osmolality of
the soclutioas.

(11i) The primary site of action: any suggestion that the stimuli
leading to arn increase of food intake were dependent on the presence of
the infused material in the gut, or events asscciated with its digestion
or absorption must be regarded as speculative.

(iv) The role of the vehicle: that th; role of the vhicle may not
be passive was indicated by the demomstration that an increase in food
intake could accompany the infusion of the Balt Solution (Experimeat 11)
or, following a prelimirnary infusion of water, Balxter's Saline
(Experiment 7). Such effects might be expected as a comsequence of
interaction of the vehicle and the digeatioa of nitrogea im the gutj
i.e., the infusion of the vehicle affected the metabolism and/or the
absorption eof nifro;nnouu compounds. It remains a possibility, of
course, that infusions of the vehicle and of the vehicle plus casein
increased food intake by differeant mechanisms.

(v) 7The time relationships between infusion and response: the
short latency and short persistence of respoase make it unlikely that
the mechanisms responsible iavolved changes in the activity of rumen
mnicro-crgenisms or correction of a protein or amino aeid deficiency.

One mochanism that exhidits a short lateancy between stimulus and response



is that of gastric disteusion. The importance of this mechamisa has
been recently re-emphasised by Asand & Pillai (1967) sho believe that
doring immpediate post-prandial period, afferent stimuli arising from
the gut are important in deteramining aatiation and that "this state of
antiuti&n is later on wmaintained as a result of changes produced inm
the internal environment".

The elucidation of the problems cutlined above will require a more
extenaive investigation than wae possible here.

A marked difference is apparent between the results of Egan (1964)
and those reported here. That two apparently similar investigations
should preduce such divergent results again emphasises the complexity
of the effects induced by nitrogen supplementation and the importance
of the experimental conditions in deteraining those effects. It seenms
likely that the following factors may have contributed to the differences.

{(a) Breed of sheep: the breed used by Egan was Kerino. Some
strains of that breed are adapted to harsh conditions and their ability
to withstacd the effects of heat streses and dehydration has been
eatablished (MacFarlane, Morris & Howard, 1958; MacFarlane, Morris,
Howard, McDonald & Budtz-Olsen, 1961). In contrast, the Romney breed
used here is generally considered unsuitable for survival under severe
conditions. That the conditions imposed in the present experiments
were severe is suggested by the abnoermal physioclogical comdition of the
ryograss fed cheep used in the experiments on electrolyte excretion
(Chapter &).

(b) Zleoctrolyte status: In view of the possible relatiomnship
between electrolyte status and the effects of casein infusion, the
addition by Egan of a mimeral mixture to the diet (% of the dry weight)
and his use of a 1¥ sodium phosphate solution as the casain vehicle may
have been important. Such a procedure might lead to embanced kidmey
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function and water intske (Potter, 19613 Wilaon, 1966) and the
maintenance of a satisfactory sodium status, all of vhich may influeance
the response to proteinaceous infusions.

{(c) Diet: The diet used by Egan was chaffed oaten straw.

Although comparable in nitrogen conteant and dry matter digestibility to
the ryegrass straw used here, it is possible that the two diets resulted
in important differences in digesta composition.

(d) Housing: 7The sheep used by Egan were kept in individual pens,
presumably allowing a greater degree of exercise than that allowed by
the sling and crate used here. The importance of the conditions under
which the animals were housed is suggeated by the reports that food
intake, water intake and efficiency of protein utilisation are modified
by environmeatal temperature and exercise (Leitch & Thomson, 194b;
Tredwoell, Flick & Vahouay, 1957; Heyer & Hargus, 1959; Payne & Jacob,
1965; Schaidt & Widdowson, 1967).

(e) Casein: The contrasting results may have arisen in part from
differences in the physical properties and chemical cosposition of the
casein preparation used. Apart from nitrogen content which mas similar
to that of the casein used here, Egen did mot report the nature of the
cagein he used.

In view of the differences between the results of Egan and those
reported here together with the suggestioms that have been sade to account
for them, it is of interest to cossider the theory proposed by Egan to
account for his observations. It was based on the assumption that sheep
fed a low quality rougbage may experience a deficiency of protein and
that an intraduodenal infusion of casein served to correct that deficiency.
He propuosed (Zgmn, 1964, p.270)
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"The abeep limits feed intake to a level where all snergy

absorbed can be efficiently utilised, and resists the

continuous imposition of energy loads which taxes the

apimal's physiological abllity to utilise or dispose of

energy. +#hen sheep are fed a diet of low protein roughmgs,

ability to cope with energy load is increased by giving

supplecentary protein. Creater dry matter intake is persitted
even though this say result in greater 'fill' of the alisentary
tract."

The work of Meyer & Hargus (1959) was quoted in support of the
proposal. These workers suggested that the intake by rats of a low
protein diet vas limited by their ability to utilise energy. More
recently, Clawson (1967) has found evidence to suggest that the intake
by pigs of a low protein diet is decreased when the energy content of
the diet is increased. Bgar made no suggestion as to how the protein
supplements increased the ability of the sheep to utilise energy
although evidence was obtained to indicate that protein supplemexnts
inereased the rate of disappearance sf injected acetate or propiomate
(1.¢. an energy load) from the peripheral circulation. It is to be
recesbered however, that %eston (1966b) has suggested that such an
observation may be explicable in terss of ircressed digestidble enesrgy
intake rather than the protein supplement per se.

It is true that there is some evidence to suggest that the amcunt
of protein absorbed by the ruminaxt may be less tham optimal. It is
largely indirect ia nature, for the sysbiotic association between the
rumen microorganisas and the host animal leads to practical difficulties
when techaiques of protein evaluation that have been successfully applied
to aniaals with a simpler foram of stomach are spplied to the ruminant
(Ansiscn & lawis, 1959). An increessd nitrogen retention has beem
observed when the nature of the protein component of the diet ie such
that the net loss of nitrogen im the rumen is restricted (eee reviews

by Chalmers & Synge, 1958; Chalmers, 1954 and also Jasiorowski, 19603
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itelaw & Preston, 19633 Chalmers, Jayasinghe & Marshall, 1964
Tagari, Krol & Bondi, 1965) or shen protein supplements are added to
the ducdenum (Chalmers, 1954) or abomasum (Little & Hiechell, 1967).
The improved weight gain and utilisation of feed when sheep (Cordon

& Tribe, 19%52; Moir & Somars, 19573 Rekes, Liater & Reid, 1961) and
calves (Putnem, Gutierrex & Davis, 1961) are given their food at
frequent intervals throughout the day rather than ss one or two feeds
8ay also des attributed to an ispruvement in the provein nutrition sf
the amimal (Moir & Somers, 1557; Noehrie, 19564} Hungate, 1966, p.%16).

That ferazeantations in the rumen results in an excess of emergy
relative to protein is suggested by the clear descastration (Meyer &
Neleon, 1963) that sheep and cattls convert a sssller percentage of
digested fcod into protein and a larger percentage inte fat than do the
rat and chicken. It has been established that the feeding of diets
low in protein or deficient in some amino acids results in a relatively
greater fat comtsnt of blood, liver and other tissues than when a mormal
diet i fed. This applies %o the chigcken (Thomes & Combe, 1967), mouse
(leveille & Sauberlich, 1964), rat (Rarrill & O0ifford, 1965; lorris,
Arats & Cederquist, 1965) youmg pig (Filer & (hwrwlla, 1963), wilk fed
lasd (®alker & Cook, 1967), humame (Viteri st al., 1964) and probably
other species. As pointed out by Humgate (1966, p.328) "the rusen
anasrobliesis iaposes a thermodynamiec limit on the extant of host protein
aynthesis™.

The casein suppleaent may have cerrected a deficliency of same
essential amino acid rather than a quantitative lack of protein. Methicnine
supplements have deen shown (o iaprowe the utilisation of dietary nitrogen
on some occasions (loosli & Hervis, 1985; lofgreen, looeli & Naynard,
19473 Barth, Melarem, iaderson, Welech & Smith, 1959) but aet on others
(Gallup, Fope & Whitehalr, 1952)s pesds Medr & Underwood (1949)



LL7

concluded that rumea bacterial protein was mildly deficlemt in
methionine and suggested that the benefits cbtained by adding
methionine to some diets was explicable in terms of an iaproveanent
in the quality of the protein utiliscd by the 2ost animal, Additiomal
evidence that sulphur containing amino acids may de limiting on some
occasions is suggested by the incrossed wool growth (Reis & Schinckel,
1963¢ Redia, 1967) and efficiency of feed utilisetien (I.D. Sibbald,
pers.com.) obtained when the acids are administered in a memper which
reduces their metabolism dy rumen aicroorganisas. A deficiency of
lysine has been suggested as a fastor limiting weight gaim of oalves
(Yhitelaw & Prestom, 1963) and milk production by cows (Bigweod, 1964),
The nature of the diet appears to be impertant in determining the
quality of the protein absorbed by the hoet animal (leed et al., 1949
Abdo, King & EZngel, 1964; Conrad, i{ibbs & Pratt, 1967). Clarke,
Ellinger & Phillipson (1966) have deseribed the influence of the diet
on the amino acid coaposition of the digesta passing to the duecdenum of
sheep. The diet had a marked effect on the amount of each amino acid
reaching that orgen. large disparities between the amipo acid
csapoaition of the diets were reduced bhut not eliminated by the time
that the digesta reashed the duoderum. The manner wheredy the diet
inflvences the quality of the protein reaching the intestimes may de
deternmined in part by the effeat of the diet on the qualitative
composition nf the rumen microbisl population. There is some evidemco
to indieate that the quality of bacterial protein depends on the species
amd straia of the basteria providing that protein (Xaufman, Nelsen,
Brown & Yordes, 1957; Bargen, Purser, Clime, 1967).

Impressive though $his evidence appears, the experimental results
described here make it unlikely that the effects of protein or amino
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acid supplementation on food intake or any other aspeet of ruminant
production can be solely explaimed in terms of a unitary hypothesis
which claims that the effects are due to a correction of a protein or
an amimo acid deficiency. That not only food intake but also gut
function, water intake, electrolyte zetabolism, woel growth, and feed
conversion sfficiency are invelved clearly indicates that a number of
mechaniszs are likely to be implicated.

The effect on wocol growth of supplements of protein or amimo acids
has recently assumed importance. Increases in its rate of grewth of
up to 200% have been achieved by the abomasal infusion of casein,
sethionine, or cysteine (Rels & Hshinekel, 1963; 196h; Rels, 1967).
lesser incresses (of the order of 60%) have been obtained by the oral
adainistration of these compounds subsequent to their treatment by a
proceas which reduces their susceptibility to microbial attack (Fraser,
1567). It does not appear to have been established vhat effucts sre
induced by infusions directly into the blocd stream., Observations
that must be accounted for by any mechanisa that is proposed include:

(a) Casein is at least three times more effective tham any of the
proteins so far tried (inclmdimg gelatin, blood meal, fish meal and
soya bean meal). This is se even though methionine is the most
limiting amino acid in casein for growth of rats (Herper, 1959).

(b) The abomasal infusion of amall amounts (0.5 -~ 2g/day) of
methionine or cysteine increases the growth and sulphur conteat of wool
and the body weight of sheep. At higher dose rates (6 ~ 10g/dmy) woel
growth is depreecsed but sot its sulphur content. In contrast to the
effects on wool growth, the rate of bodyweight gaim increased w»ith
increasing dose rate of amino acid (Reis, 1967).

{(¢) An increese in the rate of wool growth of approximately 240%
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has been achieved by adding 20% of sodium chloride to a constant daily
allowance of a diet containing 130g linseed meal (Fraser, 1967).

These observations suggest that the explanation of the increased
wool growth like that of increased food intake is complex. The marked
increase of wool growth induced by the addition of salt to the diet
poaes ths question of whether at least part of the effects are associated
with, or dependent on, changes in electrolyte and water metabolism of
the sheep. The nature of the mechanisms that would account for thie
relationship is cbscure.

In the case of food intake it is more certain that there is a close
relationshlp with sater intaks and that changes in ome induce changes in
the ather. A large nuabsr of observations to indicate that this is so
have been presented in Chapter 1. An osmcreceptor mechaniss is thought
to be involved. 1t i3 reasonable to argue that the increased water
intake that accoampanies tha ingestior of food arises frca the need for
additionnl water %o sxerete the solutes that are jiangestad or are formed
during the digestion of food (Radford, 1959). It may alsc be accounted
for in part by the increased osmolality and decressed volume of extra-
celiular fluid consequent cn the tranafer, during feeding, of water and
solutes from the extracellular fluid to the gut lumen. Yet to be
established howsever, ia the manner in shich water intake influences food
intake. This applies both to the depression of food imtake that follows
water deprivation (Adolph, 1947, Stroainger, 19473 Imglishk, 1966) or
the administratiom of hypertonic soluticns (Schwertsbamm & Ward, 19583
Suith, 1966) and the increass of food iatake that on occasions has bess
cbserved vhen hypotonic sslutioms are administered or when weter 1s added
to the diet (Archdeacom & Allen, 1908; Strominger st al. 19533
Sehwartszbaun & Ward, 1958; Samith, 1966). Mechanisms which might be
invelved in such interrelationships are implicit ian Oatley's model for
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the regulation of water drinking (Oatley, 1967). Oatley suggested
that signals arising from receptors wvhich are sensitive to chaages in
the osaolality aad volume of the extracellular fluid are involved not
only in the regulation of water intake but may also foru part of the
afferent input to the hypothalamic centres controlling food intake.
As well as explaining the relationships between food and water intaks,
changes in these signals might also explain the effects of experinmental
procedures invelving the administration of various scluticns to various
sites in the body. Alternatively, the experimental proceduree may
result in cellular changes (pH, mesmbrane permeability, chemisal or
electrical gradients) wshich affeat the sensitivity of receptors involved
in the regulation of a wide range ol processes, of which wool growth,
gut fungtion and food and water intake are but casily recognised exaamples.
Mechanisms based on ideas such as these have the attractioas that their
initiation may not depend on any one setabolite, the lateancy between
cause and effect may be short or long, and they provide an explamation
of how several effects may be induced by one experimental proocedure.

The sizple experiments attesmpted here have not provided an answer
to the questioas of how intraduodenal infusion of protein increase the
fcod intake of shesp. More gueastiona havs been posed than solved;
questions which should provide a basis for the reasoned approach teo
future work. In particular, ths results stromgly suggest that osmometric
sechaniams may be involved in the regulation of food intake and in determ-
ining the effests of infusions of nitrogencus materials. It is alse
clear that an oaderstanding of the mechanisms whereby the produdtive
processes ef the ruminaat are influemced by proteinagecus infusions will
require much Turther work, including a detailed examination of the effects
of clearly defined sclutions adainistered at differeant dose rates to
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different sites in the body. Attempts to prove or disprove these
agsertions should not only fagilitste an understanding of the effects
on food intake of casein infusions but should also make a significant
coutribution both to physiclogy and animal production.
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