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i.

SUMMARY

Various aspects of digestion and utilization of
nitrogen were investigated in the Kangaroo Island Wallaby

Protemnodon eugenii (Desmarest)., As the wallaby is thought

to experience a seasonal shortage of nitrogen in the diet on
Kangaroo Island, particular emphasis was placed upon the
wallaby's response to a low nitrogen intske,

It was established that nitrogenous compounds are
digested in a ruminant-like manner by this wallaby, Nitrogen
supplied in the diet as urea is utilized as efficiently as
that supplied as casein and ingested nitrogen undergoes
extensive incorporation into microbial nitrogen in the
forestomach,

Renal control of urea excretion in this wallaby also
parallels that reported in ruminants, During periods of low
nitrogen intake extensive renal retention of urea occurs.
This is brought about by reabsorption of urea in the renal
tubules, as glomerular filtration rate is independent of
nitrogen intake and urea clearance is reduced, The renal
response of this wallaby to injected urea is also similar to
that of ruminants, Wallabies depleted of nitrogen retain
98% of injected urea and wallabies fed an adequate nitrogen

diet retain only 30% of the injected urea,



Injected urea was also found to be recycled to the
forestomach of the wallaby and incorporation of injected
urea nitrogen into microbial nitrogen was more extensive in
the nitrogen depleted wallabies than in the nitrogen sufficient
wallabies, Whether this reflects a difference in the total
amount of injected urea recyeled to the forestomach in
nitrogen sufficient and depleted wallabies was not established,

Renal retention of urea is enhanced in wallabies
depleted of both nitrogen and water, Contrary to findings
with cattle however, no improvement in nitrogen retention was
noted in wallabies concurrently deprived of water and nitrogen,
It was concluded,also, that the additional urea retained by
these animals did not lead to an improvement in water balance.

The results of this study indicate that conservation
and utilization of endogenous urea is a significant aspect of
the nitrogen metabolism of the Kangaroo Island Wallaby,
However, although utilization of endogenous urea may be of
importance in the survival of the wallaby during periods of
nitrogen depletion, this does not appear to be further
enhanced by concurrent water restriction, These findings

apply only to wallabies in captivity and fed laboratory diets.
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I, INTRODUCTION




1. General

From a field study of the Kangaroo Island Wallaby,

Protemmodon eugenii (Desmarest), Dr. S. Barker of the Zoology

Department, University of Adelaide, considered that there
might be a critical shortage of nitrogen in the diet of

Protemnodon eugenii on Kangaroo Island towards the end of

summer, The following investigation concerned the nitrogen
metabolism of the Kangaroo Island Wallaby., In the light of
field conditions, particular emphasis was placed upon the

response and possible physiological adaptation of the wallaby

to a lowered nitrogen intake,

2., Digestive physiology of macropod marsupials

Descriptions of the stomach anatomy of macropods
published in the nineteenth century provided the first clue
to their digestive physiology. In 1814, Home (oited,
Barker, Brown and Calaby, 1963) desoribed the macropod stomach
as enlarged and sacculated., Later Owen (1839, cited Barker,
Brown and Calaby, 1963) confirmed these findings and noted
additionally that an oesophageal groove ran from the distal
end of the oesophagus to the non-sacculated region of the
stomach, These anatomical features prompted Owen to suggest
that the enlargement of the maecropod stomach was analogous

to the enlargement of the ruminant stomach and was associated
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with their herbivorous diet. No progress, however, was made
in this field of research for the next one hundred years.

In the mid 1950's, Moir, Somers, Sharman and Waring
(1954) end Moir, Somers and Waring (1956) suggested that the
digestive physiology of the quokka was likely to resemble
that of true ruminants, This suggestion was based on the
finding that the quokka, like the ruminant, has an enlarged
and sacculated forestomach with an oesophageal groove,
together with "stearic rich" fat deposits and a relatively
low blood sugar level which can be lowered still further by
insulin treatment without apparent ill effect (Buttle, Kirk
and Waring, 1952).

Later research into the digestive physiology of macropods
has supported this suggestion and an enlarged and sacculated
forestomach with an oesophageal groove has been found in ten
species of macropod representing eight genera, Macropus,

Thylogale, Wallabia, Petrogale, Lagorchestes, Lagostrophus,

Bettongia and Setonix (Brown, 1959)., Unlike the ruminant,
the forestomach epithelium of the macropod is glandular
(Schaffer and Williams, 1876; Hoir et al., 1956; Griffiths
and Barton, 1966), however the pre-gastric position of the
sacculated region of the stomach is essentially a ruminant
feature, Furthermore, the forestomach of the quokka is

inhabited by & dense population of microorganisms consisting
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of both bacteria and protozoa which are comparable in density
(though not in diversity) to those in sheep (Moir, 1965;
Waring, Moir and Tyndale-Biscoe, 1966). Similar micro-
organisms have been described in the red kangaroco Megaleia
rufa (Desmarest) by Harrop (1965).

Further evidence of similarities between macropods and
ruminents was furnished by Brown (1959),who found that the
ratio of stomach contents to total body weight in macropods,
studied so far, falls within the range of values found for
true ruminents (Elsden, Hitchcock, Marshall and Phillipson,
1946). The pH of the stomech contents of the quokka and

eurc Macropus robustus Gould, is also similar to that in true

ruminants, In the quokka the pH of the stomach contents in
the sacculated cardiac region is slightly alkaline

(pH 7.05 - 7.95) whilst that in the non-sacculated region is
highly acidic (Moir et al., 1956). Similar values were
found for the euro, the pH of the fundus being as low as
2.k (Ealey, 1962).

Cud chewing or rumination, which is possibly the most
obvious feature of digestion in true ruminants, has also been
reported in macropods on a number of occasions (Owen, 1839,
cited Barker, Brown and Cslaby, 1963; Wood-Jones, 1923;
Moir et al., 1956; Calaby, 1958; Hollison, 1960) but

observations of Barker et al, (193) suggest that regurgitation
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and remastication of food by macropods is an occasional
occurrence and not truly analagous to rumination, In addition,
the rate of passage of food residues through the alimentary
tract of the quokka (Caleby, 1958) and euro (Haley, 1962)

is faster than in ruminents (Castle, 1956; Blaxter, Graham

and Wainman, 1956) and also the quokka digests crude fibre

less efficiently than ruminants but more efficiently than
rabbits (Voris, Marcy, Thacker and Wainio, 1940). The
ability of the quokka to digest crude protein (Calaby, 1958)

is however within the range found in ruminants,

Studies of the carbohydrate metabolism of maecropods,
though few, indicate that this also is similar to that of
ruminants. The fermentative action of the forestomach
microbiota leads to the production of the same steam volatile
fatty acids as in the ruminant (Barker, 1960, 1961).

Barker (1960) confirmed also the relatively low blood sugar
levels in the quokka, the range of which falls between
levels found in ruminant and non-ruminant herbivores,
Similarly low blood sugar levels have been reported in the
red kangaroo (Harrop, 1965).

Thus the digestive physiology of macropod marsupials
studied so far has many features in common with that of
ruminants, It is well established that the microorganisms

responsible for pre-gastric fermentation in ruminants confer
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important survival advantages upon these animals with regard
to cellulose utilization, vitamin synthesis and nitrogen
metabolism, Moir et al. (1956) suggested that macropods with
their ruminant-like stomach and pre-gastric microbiota might

acecrue similar nutritional advantages,

B Ruminant nitrogen metabolism

Numerous studies arising from work started in the
nineteenth century (Hagemann, 1891; Zuntz, 1891) have shown
that ruminants can utilize non-protein nitrogen as a dietary
nitrogen source for growth and the maintenance of body
proteins (Hart, Bohstedt, Deobald and Wegner, 1939; Agrawala,
Duncan and Huffmen, 1953; Land and Virtanen, 1959; Williems
end Tribe, 1957). From an ecological point of view, the
capacity to utilize non-protein nitrogen could be an important
factor in the survival of these animals during periods of
nitrogen depletion, as a significant proportion of the
nitrogen entering the stomach of the naturally grazing
ruminant may be non-protein, Synge (1952) and Ferguson and
Terry (1954) report that between 10 and 304 of nitrogen in
herbage may be non-protein nitrogen, mainly in the form of free
amino acids.

Endogenous nitrogen in the form of urea has also been

shovm to contribute to the nitrogen intake of ruminents,



Significant amounts of endogenous urea normally enter the
stomach of ruminants via the saliva (Colin, 1886, cited
Hungate, 1966; McDonald, 1948; McDougall, 1948; Bailey
and Balch, 1961; Somers, 1961 a,b,c and d; Juhasz, 1965)
and also directly from the blood stream across the rumen wall
(Chalmers and Synge, 1954; Simmonet, Le Bars and Molle, 1957;
Houpt, 1959; Decker, Hill, Gartner and Hornicke, 1960;
Hogan, 1961; Egan, 1965; Weston and Hogan, 1967; Varady,
Boda, Havassy, Bajo and Tomas, 1967; Houpt and Houpt, 1968).
It has been established that utilization of non-protein
nitrogen by the ruminant depends upon the synthetic activities
of the pre~-gastric microbial population. The microorganisms
in the rumen convert non-protein nitrogen to microbial protein
(Agrawala et al., 1953) which, after digestion in the abomasum,
is utilized by the ruminent for protein synthesis (Watson,
Davidson and Kennedy, 1949; TFerrando, d'Acres and Communol,
1956). As the rumen microorganisms can synthesise all the
essential amino acids (Loosli, Williams, Thomas, Ferris and
Maynard, 1949; Hill, Decker, Horicke, Holler and Gartner,
1962; Kosharov, Bensadoun, Breuer, Loosli, Morris, Reid and
Legg, 1967), microbial protein synthesised from a non-protein
source becomes an important addition to the dietary amino-
acid pool of the ruminant (Moir, 1965). Thus the ability of

the ruminant to utilize non-protein nitrogen as a dietary
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nitrogen source indicates that extensive conversion of such
nitrogen to microbial protein occurs, Weller, Pilgrim and
Gray (1962) estimated that 80% of plant nitrogen ingested
by sheep is converted to microbial nitrogen,

It is clear that recycling of endogenous urea to the
rumen could be of considerable importance to the ruminant,
particularly during periods of nitrogen depletion, The
quantitative relationship, however, between the nitrogen
status of the animal and the amount of urea recycled remains
unresolved. The work of Somers {1961c and d) suggests that
urea recycling is limited during periods of high nitrogen
intake, but conflicting results leave this question
unanswered (Gertner, Decker and Hill, 1961; Weston and
Hogan, 1967; Houpt and Houpt, 1968).

Although the controlling factors in the movement of
endogenous urea into the rumen have yet to be established,
the role played by the kidney in the nitrogen economy of
the ruminant is well documented., As pointed out by
Schmidt-Nielsen (1958), the nitrogen depleted ruminent would
be expected to retain urea rather than excrete it in the
urine, since urea is a potential source of nitrogen for
protein synthesis. Read (1925) first reported a reduction
in the excretion of uree in the urine of camels which

exhibit pre-gastric digestion similar to that found in



ruminants (Moir, 1965). though this finding was disputed
(Petri, 1927; Smith and Silvette, 1928),it was subsequently
found that a reduction in the excretion of urinary urea was
a feature of camels which were depleted of nitrogen
(Schmidt-Nielsen, Schmidt-Nielsen, Houpt and Jarnum, 1957).
These workers reported that urea excreted by the nitrogen
depleted camel was significantly lower than that of non-
runinant mammals similarly depleted of nitrogen. They also
found that glomerular filtration rate was independent of
nitrogen intake and concluded that urea excretion was
controlled by the renal tubules.

Sheep depleted of nitrogen, also retain urea through
renal tubular reabsorption (Schmidt-Nielsen, Osaki, Murdaugh
and 0'Dell, 1958; Schmidt-Nielsen and Osaki, 1958;
Schmidt-Nielsen and 0'Dell, 1959). Livingston, Payne and
Friend (1962) and Hill et al, (1962) demonstrated a similar
reduction in the exeretion of urea in the urine of nitrogen
depleted cattle and goats respectively, as little as 5% of
the urea filtered by the kidney being excreted in the urine
of goats, It is not kmown if the reduction in urea excretion
by nitrogen depleted cattle and goats is due to renal tubular
reabsorption of urea or a reduction in the glomerular

filtration rate.
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Schmidt-Nielsen et al, (1957) and Schmidt-Nielsen
and Osaki (1958) suggested that urea retained by the kidney
of sheep and camels during periods of nitrogen depletion
was subsequently recycled to the rumen and utilized for
protein synthesis, tlms supplementing the nitrogen intake
and hence increasing the chances of survival of these animals,
They further suggested that the extensive urea reabsorption
by the renal tubules in these animals was stimulated by the
lowered levels of urea cireculating in the plasma during
periods of low nitrogen intake, They found, however, that
injecting urea, and thus raising the levels of plasma urea
in nitrogen depleted sheep and camels to those found in
nitrogen sufficient animals, 4id not necessarily lead to the
expected increase in the amount of urea exocreted in the urine,
Injected urea was retained by the nitrogen depleted camels
and urinary urea levels remained consistently low, although
plasma urea levels did not fall to pre-injection level until
eight days later. Schmidt-Nielsen and Osaki (1958) obtained
contradictory results with sheep. Infused urea was not
always retained and they attributed this difference in response
to the nitrogen status of the experimental animals which was
unknown as nitrogen retention was not measured. The ability
of the nitrogen depleted sheep to retain injected urea and

to recycle some of it, has since been confirmed (Houpt, 1959;
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Somers, 1961d). Schmidt-Nielsen et al. (1957) and
Schmidt-Nielsen and Osaki (1958) interpreted their findings

to mean that the stimulus for the renal retention of urea by
nitrogen depleted sheep and camels is associated with a
lowered nitrogen intake rather than lowered plasma urea levels.

The work of Schmidt-Nielsen and 0'Dell (1959) suggests
that renal retention 'of urea in nitrogen depleted sheep
involves active transport of urea across the renal tubular
membrane, Recent work has supported the concept of uphill
transport of urea in the mammalian kidney (Goldberg, Wojteczak
and Ramirez, 1967; Ullrich, Rumrich and Schmidt-Nielsen,
1967).

Livingston et al. (1962) reported that renal retention
of urea in nitrogen depleted cattle may be enhanced further if
these animals were also allowed limited access to water, It
was later found that nitrogen depleted cattle which were
conocurrently water restricted also exhibited an improvement
in nitrogen retention (Livingston, Payne and Friend, 196L4;
Payne, 1964, 1965, 1966), Increased renal retention of urea
has also been recorded in rabbits which were nitrogen depleted
and water restricted (Houpt, 1963). Jolmson, Javier,
Hardison and Ordoveza (1966) reported that nitrogen retention
was improved in cattle which were water deprived but receiving

adequate nitrogen in the diet, It has been suggested from



the work of Houpt (1963) that renal retention of urea may not
only contribute to nitrogen economy but also might improve
water economy (Moir, 1965) by reducing water loss in the
urine,

It is now clear that conservation and utilization of
endogenous urea may make a significant contribution to the
nitrogen economy of ruminants during periods of nitrogen
depletion and water restriction., Since macropods have a
ruminant-like digestion, endogenous urea may contribute in
a similar manner to the nitrogen and water economy of these
animals during periods of decreased nitrogen and water

intake,

L, Nitrogen metabolism in macropod marsupials

This is a field in which there has been little
research, The only comprehensive study of nitrogen
metabolism in a macropod was that made by Brown (1964) of
the euro, It was known that euros could persist and
reproduce on pastures dominated by Spinifex (Triodia spp.)
(Eeley and Richardson, 1960; Ealey, 1962) and that these
animals under natural conditions were infrequent drinkers
and could tolerate a considerable degree of dehydration
(Baley, Bentley and Main, 1965)., Since it has been generally

assumed that the euro, like the quokka (Moir et al., 1956),
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has a ruminant~like digestion, it was thought that it might
also have some of the adaptive features characteristic of
ruminant nitrogen metabolism and that these might enable it

to survive in the field when water is scarce and the pasture
fibrous., The findings of Brown (1964, 1969) that the euro
could utilize diets in which nitrogen was supplied in the
form of urea or casein equally well confirmed its ruminant-
like digestion of nitrogen. Brown (1964) also demonstrated
in the euro that urea was recycled to the forestomach both
with the saliva and directly across the forestomach wall,

It is apparent from his findings that, at least in this species
of macropod, endogenous urea may form a significent proportion
of the utiligzable nitrogen entering the forestomach.

However little is known of the mechanism by whiech
macropods control the excretion of urea in the urine, Clearly
renal retention of urea is important in the nitrogen economy
of the nitrogen depleted ruminant and the same could be
inferred for macropods. BEaley (1962) demonstrated a seascnal
reduction in urinary urea excretion by euros in the field
and in addition Brown (1964) found that, in euros depleted
of nitrogen, the excretion of total nitrogen in the urine
was less than endogenous levels excreted by eutherian mammals
of similar body weight, Brown (1964) also found that

retention of injected urea by nitrogen depleted euros was
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of the same order as that in ruminants, These findings
indicate that the euro, like the ruminant, retains urea when
nitrogen depleted and that the mechanism involved may be
similar,

It has been suggested that the Kangaroo Island Wallaby
possibly experiences a seasonal shortage of nitrogen and
water in the field, If this wallaby, like the other macropods
studied so far (Moir et al., 1956; Brown, 1959, 196L), has
a ruminant-like digestion, then renal retention of urea might
be a feature of its nitrogen economy when nitrogen intake is
low. During 1966 (Linterm and Barker, 1969) a preliminary
study was made of the exeretion of urea by this wallaby during
periods of low and adequate nitrogen intake. It was found
that nitrogen depletion resulted in a dramatic reduction in
the excretion of urea in the urine and low values, similar
to those found in nitrogen depleted ruminants, were recorded.
Similar low values were also reported in the Westemn
Australian race of the same species in the field during the
summer months (Kinnear, cited Varing et al., 1966). These
findings taken in oonjunction with those of Ealey (1962) and
Brown (1964) suggest that nitrogen depleted macropods improve
their nitrogen economy by conserving urea in a manner analogous

to nitrogen depleted ruminants.
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5¢ The present study

The study reported herein involved an investigation of
the nitrogen metabolism of the Kangaroo Island Walleby and in
particular its response to a low nitrogen intake, Special
emphasis was placed upon the control of urea excretion and
its relevance to the nitrogen economy of this species, as
renal retention of urea is of importance in the nitrogen
economy of nitrogen depleted ruminants and possibly one other
macropod. The first step, however, was to confirm that
nitrogen digestion in this wallsby is ruminant-like. When
this was established the major part of the project was
continued, A series of experiments were carried out to
investigate the role of the kidney in controlling urea
excoretion in nitrogen depleted and sufficient wallabies and
a preliminary experiment was performed to establish whether
nitrogen retention could be judged from easily measurable
parameters, This was followed by three experiments
designed to test whether this wallaby and ruminants are
similar in the extent and site of control of renal retention
of urea and whether differences in the excretion of the urea
in the urine could be related to the utilization of
endogenous urea by this wallabye.

Finally, as it has been claimed in true ruminants

that concurrent water and nitrogen depletion bring about a
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decrease in urinary urea excretion and improvement in
nitrogen balance, experiments were carried out to determine

if the wallaby responds to this treatment in the same way,



1I. METHODS
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Animals were obtained for this study from Kangaroo

Island. Prior to experimental use they were kepteither in

a stock colony maintained by the Waite Agricultural Research

Institute or in animal yards at the Zoology Department,

2,

Animal Husbandry

(a) Caging

In Experiments 1~ 6 animals were housed in individual
outdoor pens (approximately 10 ft. x 3 f£t.), with either
concrete or gravel covered floors, each with its own
shelter. In Experiment 7, animals were housed in a
waterproof shed in individual pens (approximately
10 ft. x 3 ft.) with a sawdust floor and under natural

lighting, FEach animal had its own shelter,

(b) Diets

Between all experiments animals were fed kangaroo
pellets made from grain concentrates supplemented with
fruit, vegetables and bread., Maintenance diets fed
to animals to accustom them to dry food and test diets
fed to animals during feeding trials were made according
to McDonald and Hall (1957), except that the chaff used
was not alkali extracted. Both maintenance and test

diets were made by mixing oaten chaff, starch, sugar
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and minerals with molasses and water., Ground casein
was added to adjust the nitrogen content to the desired
concentration and the mixture was dried in a force
draught oven at 185°F. A similar diet in which uxrea
was used as the nitrogen source was mixed in the same

way and fed to animals during Experiment 1.

(¢) liedication
(i) Like the quokka (Kakulas, 1961, 1963), the
Kangaroo Island Wallaby is susceptible to
vitamin E deficiency. Throughout the study all
experimental animals were given a prophylactic dose
of 100 mg of vitamin E each week, This was
supplied in the form of 50 mg alpha-tocopheryl

tablets*,

(ii) Penicillin

Outbreaks of Nocardiosis (lumpy jaw) (Barker, Calaby
and Sharman, 1963) had occurred among the experimental
animals during the feeding trials performed by

Barker (1968)., Accordingly, prior to each feeding

trial throughout the study, each animal was given

*

Ephynal., Roche Products Limited, Velwyn Garden City,
Englmd.
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a prophylactic course of penicillin (1,000,000
units) intra-muscularly over five altemate days,
The only outbreak of Nocardiosis occurred during
period 4 of Experiment 3 when Animal 18 developed

a jew lump on day 3 of the balance period, However
this jaw lump disappeared completely after
administration of penicillin and the diaorrhea
usually a feature of animals with lumpy jaw was

not observed,

Procedures

(a) Anaesthesia

Wallabies were anaesthetised with Veterinary
Nembutal (Abbott) (pentebarbitone sodium, 60 mg/ml)
injected via a marginal ear vein, The dosage given
was approximately 1- 2 ml/kg body weight, but the
response of individual wallabies varied greatly and
Nembutal was injected until either the pedal or eye
reflex disappeared; the recovery from deeper anaesthesia
was poor (Croft, 1960), When necessary, animals were
killed with an overdose of Nembutal injected through a

marginal ear vein,
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(v) Administration of urea and urea N2

In Experiments 5 and 6 urea in a solution of 0,55
saline (after Houpt and Houpt, 1968) was injected into
a marginal ear vein of each animal after the animal

had been ansesthetised.

(¢) Administration of inulin

A single injection of inulin was given subcutaneously
in the shoulder ares of each anaesthetised wallaby during

Experiment 4 (Remsay end Coxon, 1967) .

(d) Experimental water diuresis

Water diuresis was induced during Experiment 4 by
water loading each enimal using a stomach tube with a
syringe attachment. The method used was a modification
of that used by Burn, Fimney and Goodwin (1950) for
rets, A graduated syringe was attached to a twelve
inch length of stiff polythene tubing ( 3/8th inch bore).
The animal was placed in a hessien bag with its head
protruding and was held horizontally with ventral aspect
uppermost., A round wooden gag with a hole bored through
the centre was placed in the animal's mouth, The
tubing attached to the charged syringe was pushed through

the hole in the gag and manipulated so that its full
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length passed down the animal's oesophagus, The

water was then expelled from the syringe and the syringe
refilled and the procedure repeated until the full
dosage was given, As found by Barker (1960) the best
position to hold the animal was with its head raised

so that the buccal cavity was in a straight line with

the oesophagus,

(e) Catheterising animels

Animals were catheterised during Experiments 4 and
6 using a bulb catheter. The catheter was lubricated
with vaseline and inserted by digital manipulation via
the urethra into the bladder, Urine was collected from
polythene catheter tubing (pp 0,50 mm internal diameter,
pp 0,98 mn external diemeter). The bladder was
emptied and washed with warmed distilled water using a

syringe attachment,

(f) Administration of Evans Blue Dye (T1824)

Evans Blue Dye was injected during Experiment 7
part 2 through a patent cannula in the femoral vein,
When successful cannulation was not achieved the dye

was injected through a marginal ear vein,
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Collection of Samples

(a) Blood samples

Throughout the investigation (except for Experiment 7
part 1) blood samples were withdrawn from a lateral tail
vein using heparinised syringes with 621 needles,

Blood samples during Experiment 7 part 1 were withdrawn
by heart puncture, During blood volume determinations
in Experiment 7 part 2, blood samples were withdrawn
from a patent cannula in the femoral vein when possible
and otherwise through a lateral tail vein, Plasma

was obtained by low speed centrifugation in all cases.

(b) Collection and measurement of food and water intake

and urinary and faecal excretion

All collections were made from animals held in
metabolism cages (33 in., x 36 in. and 24 in, high) made
from 1" square wire with fibre glass and stainless steel
shutes and separators for the separate collection of
urine and faeces (Barker, 1968)., The animals were
housed in metabolism cages in a temperature controlled
animal house kept at 21°,  When nitrogen balance
trials were performed during Experiments 1, 3 and 7
and food intake trials (Experiment 2) collections were

made according to Barker (1968). Individual twenty-
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four hour urine collections during Experiments 1, 4, 5,

6 and 7 were made according to Lintern and Barker (1969).
Throughout the study urine was collected in 25% H,80,
except during Experiments L4, 5 and 7 part 2

when toluene was used, Addition of HZSOLI_ or toluene

prevented bacterial breakdown of urine components.

(¢) Collection and separation of forestomach digesta

into component fractions (Experiments 2 and 6),

Immediately after death the enlarged forestomach
of the wallaby was ligatured at the pyloric and fundie
ends and excised. An incision was made along the
whole of the lesser curvature of the forestomach and
the contents removed.

Separation of a subsample of forestomach digesta
for samples containing forestomach fluid, bacterial,
protozoal, soluble and plant fractions was achieved
using the method of Gray, Pilgrim and Weller (1958)
with a modification suggested by Pilgrim (pers. com.).
Pilgrim has found that, in sheep, a large proportion
of the bacteria in the rumen (20-30%) were not
separated from the plant fibres by simple washing and
furthermore that these bacteria could be "shaken" from

the plant fibres by stirring with a sonic probe*,

* "gSoniprobe"., Dawe Instruments Ltd., London.



23

As this teclmnique removed the necessity of determining
bacterial contamination by analysing fractions for
diaminopimelic acid - N (Weller, Gray and Pilgrim,
1958),it was incorporated when this method was used

for the fractionation of forestomach digesta of the
Kangaroo Island Walleby into its component fractions.
The steps in this fractionation process are summarised
in Figure 1, Microscopical examination of the products
at each step of the fractionation during a preliminary
experiment confirmed that this method resulted in
separation of the various fractions of forestomach
digesta., However, as found in sheep (Pilgrim, pers.
com.), some smaller protozoa and bacteria found their
way into the bacterial and soluble fractions respectively,
This may have been & small source of error,

Remaining forestomach digesta, forestomach fluid
and soluble and plant fractions were stored in polythene
containers at ~10° for subsequent analysis, Bacterial
and protozoal fractions were transferred immediately to

Kjeldahl flasks containing digest mixture and digested.

(d) Collection and treatment of caecal digesta
Immediately after death the caecum was ligatured and

excised., A longitudinal incision was made along the



FIGURE I

Separation of forestomach digesta into protozoal,
bacterial, plant and soluble fractions and the

extraction of forestomach fluid.



FORESTOMACH DIGESTA-————>Subsample for Total

Nitrogen Estimation

Subsample

|

squeeze through ﬁerylene voile

v
moist solids
Nz N
half half
discard Wash twice (distilled

water). Squeeze through
the same voile used above,

2

,

washed solids was

suspend twice (distilled water)
and sonic stir for two minutes.
Squeeze through voile,

v ¥
PLANT RESIDUES filtrate

v

stomach fluid

< ¥
half half
(NHBQN estimation)

A %

hings

centrifuge (160g)
for 1éiseconds

v

v ¥
PROTOZOA supernatant

wash twice (distilled water) &
centrifuge.(}60g) for 15 sees.,

b
washings —>—

¥
washed
PROTOZOA

e
Il

centrifuge at 15,000g
fOﬁ 30 min,
& IR 4
BACTERTA Supernatant
SOLUBLE FRAGTION




2,

whole length of the caecum and the contents removed and
stored in polythene containers at -1 o° for subsequent

analysis,.

5. Chemical Analyses

(a) Urea
(i) Urea in the plasma and urine and caecal and
forestomach digesta was determined by the micro-
diffusion technique of Conway (1962) using the
phosphate buffer of Wu and Wu (1951) and Dunning
urease tablets, Potassium carbonate was used as

the alkaline reagent.

(ii) Urea N2 in urine (Experiment 6) was determined
using a modification of the mierodiffusion technique
of Conway (1962), No indicator was used in the
boric acid solution and the resulting ammonium
borate solution was brought to pH 1 with an excess
of BN HZSOA' N15 was then measured using a2 mass
spectrometer* belonging to the Department of
Agricultural Biochemistry, Waite Agricultural

Research Institute.

* A.E.I, IEngineering Pty. Ltd. Mass spectrometer type M52
No.110)
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(b) Total Nitrogen

(i) Total nitrogen in food, food residues, faeces,
urine and forestomach digesta (including bacterial,
protozoal, plant and soluble fractions) and caecal
digesta throughout the investigation (except
Experiment 6) was determined by the microdiffusion
technique of Conway (1962) after acid digestion
using SeOz/GuSOA catalyst, Potassium hydroxide

was used as the alkaline reagent,

(ii) Determination of total nitrogen when N1D

is present

In Experiment 6 total nitrogen was determined,
after acid digestion with a HgO/CuSOLF catalyst, by
steam distillation into 4% boric acid using a
solution of 4O% sodium hyroxide and 5% sodium
thiosulphate as the alkaline reagent. The
resulting ammonium borate solution was titrated
against N/50 HC1l using a mixed indicator of

bromocresol green and methyl red (ngel, 1961),

(iii) Prepar?gion of samples for the determination
of N

This was the same as for the determination
of total nitrogen when N15 is present except that

no indicator was added to the resulting ammonium
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borate solution and this solution was brought to
pH 1 with an excess of 5N HZSO s N15 was measured

in a2 mass spectrometer,

(c) Aumonia

(i) Blood ammonia determinations were made according
to Seligson and Seligson (1951). Potassium carbonate

was used as the alkaline reagent.

(ii) Determinations of ammonia in the forestomach
fluid during Experiments 2 and 6 were made by the
microdiffusion technique of Conway (1962) with

potassium metaborate as the alkaline reagent.

(iii) Preparation of samples containing ammonia
nitrogen enriched with N15 for the determination
of N'? was by steam distillation into L% borie
acid using magnesium oxide as the alkaline reagent.
The resulting ammonium borate solution was brought

to pH 1 with an excoss of 5N H,S0,, and o

determined using a mass spectrometer,

(d) =Endogenous True Creatinine (BTC)

ETC was determined according to Hare (1950).
Plasma ETC was determined, after protein precipitation,

by adsorpbtion onto Lloyd's reagent (Fuller's Barth)
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and the colour then developed with alkaline picrate
solution, Urinary ETC was determined in the same way
but without initial protein precipitation as Albustix*
gave no indication of protein in the urine, The
samples containing the alkaline picrate solution were
then brought to 36° in a water bath before reading at

520 my in a Beckman/Spinco spectrocolorimeter (Model 151).

(e) Imulin

Inulin in plasma and urine was determined during
Experiment 4 by the anthrone method of Davidson and
Sackner (1963). Samples were read at 620 my in a

Beckman/Spinco spectrocolorimeter {Model 151),

* Albustix - Ames Compeny, Division of Miles Laboratories,
England,
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1, DIGESTION OF DIETARY NITROGEN BY THE KANGAROO ISLAND
WALLABY

4, EXPERIMENT 1

(1) Introduction

It has generally been assumed from the work of Moir
et al. (1956) and Brown (1959) that macropods and ruminants
share features of digestion in common, This assumption is
based upon the similarity in the anatomy of their alimentary
tracts, as both groups of herbivores have enlarged forestomachs
which house miorobial populations (Moir et al., 1956; Moir,
1957; Brown, 1959).

Through the synthetic activities of the pre-gastric
microbiota, ruminants can utilize non-protein nitrogen for
growth and maintenance of body proteins (Moir, 1957). It
would be expected that macropods utilize non-protein nitrogen
in a similar manner. To date, however, this has only been
demonstrated in one species of macropod (Brown, 1969).

The Kangaroo Island Wallaby also would be expected
to utilize non-protein nitrogen in a ruminant-like manner,
The extensive renal retention of urea found in the wallaby
during periods of nitrogen depletion suggests that, as in
the ruminant (Houpt, 1959; Somers 1961a, b, ¢ and d), urea

may be recycled to the forestomach thus contributing to the
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nitrogen intake of this species (Lintern and Barker, 1969).
Accordingly the following experiment was carried out to
determine whether the Kangaroo Island Wallaby can utilize
non-protein nitrogen supplied in the diet in the form of

urea, thereby establishing whether the urea recycling
mechanism can overate in this species, In the reported
experiment utilization of diets in which nitrogen was supplied
in the form of urea and casein were compared, In a similar
experiment with euros only 38% of the dietary nitrogen was

in supplement form (Brown, 1969), As this may have minimised
any differences in the utilization of casein or urea, 80%

of the total nitrogen in the diet was presented in supplement

form during the reported experiment,

(ii) Experimental Procedure

Four adult male Kangaroo Island Wallabies were used
throughout these feeding trials., They were initially fed an
excess of maintenance dict (1.80g N/100g dry weight) and
allowed water ad lib, for four weeks, During this period
they were periodically placed in metabolism cages in an
attempt to reduce the effect of caging and handling on body
weight (Lintern and Barker, 1969). The wallebies were then
divided randomly into two groups with two animals in each

group, One group was fed a diet supplemented with casein
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(1.80g8/100g dry weight) and the other a diet supplemented with
urea (1,81gl/100g dry weight). The nitrogen content of the
basal ration to which either urea or casein was added was
0,38gN/100g dry weight.

Wallabies were fed an excess of test diets and allowed
water ad 1lib, for four wecks, At the beginning of this period
the wallabies were weighed, a blood sample teken and a twenty
four hour urine sample collected., This was repeated after
two weeks, three weeks, and four weeks. At the beginning
of week three the wallabies were placed in metabolism cages
and during the fourth week nitrogen balance was measured over
a seven day period using the routine of Barker (1968). At
the end of the four week experimental period the wallabies
were returmed to outdoor pens and fed the maintenance diet
for four weeks. This was followed by a second four week
experimental period during which the treatments were
reversed, A1) blood samples were analysed for urea and

ammonia and urine samples for urea and total nitrogen.
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(iii) Results **

(1) Total urinery nitregen, urinary urea nitrogen,
plasma urea, blood ammonia and body weight during
both experimental periods are presented in
Appendix 1 (A-G). Although all these parameters
fluctuated during the experimental periods, these
variations could not be attributed to the form in

which nitrogen was supplied.

(2) Parameters measured during the nitrogen balance
trials which are relevant to the disecussion, are
presented in Table 1 and variations due to period and
treatment outlined below, The remainder of the data
collected during the nitrogen balance trisls is

presented in Appendix 24, Analysis of variations

* Daily intake of dry matter and nitrogen and daily
exoretion of dry matter in faeces, nitrogen in faeces
and urine and urea nitrogen in the urine have been
related to the metebolio weight kgWOe /> (Kleiber, 1961),
Water turnover hsssbeen related to the power 0,8 of the
body weight Ckﬁw *%) after Riohmond, Lengham and
Trujillo (1962),

In presenting results of statistiocal analyses the following
convention has been used to demote degrees of signifiocanoce,
NS = not signifieant: * = signifioant at the 5% level:

** = gignificant at the 1% level: *** gignifiocant at

the 0,1% level,
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in parsmeters, measured during the nitrogen balance

trials, due to treatment and period are presented in

Appendix 2B,

(a)

(b)

(e)

Dry matter intake (DMI) did not differ significantly
with either treatment or period (t6 = 0,97 NS
and tg = 0,38NS respectively), Mean daily
temperature during the outdoor prefeeding period prior
to the two nitrogen balance trials was 17.8%and
16, 9ore spectively.
Nitrogen balance was positive for all animals
during both nitrogen balance trials. There was
no significant correlation between nitrogen
balance and nitrogen intake (r = +0.54 NS) and
nitrogen balance did not differ significantly
with either treatment or period (t6 = 1.47 NS
and t6 = 0,16 NS respectively).
Nitrogen intake was significently correlated with
dry matter intake (r = +0,95%%*) and this
relationship is described by the regression
equation

Y = 15,08 + 123,8
where Y = nitrogen intake (mgl/kgW"*'>/day)

dry matter intake (g/kgW0’75/ day)

>
i



TABLE 1

Daily dry matter and nitrogen intake and nitrogen excretion (expressed as a function of
metabolic weight) and apparent dry matter and nitrogen digestibility of four wallabies
fed diets supplemented with urea (U) and casein (C) during two nitrogen balance trials
performed during Experiment 1.

Period I II
Treatment U C C U C U U c
Animal 4 6 89 3 Ly 6 89 3
Nitrogen Intake* 663 552 733 613 753 608 615 725
Faecal Nitrogen* 213 173 220 197 221 183 195 22,
Urinary Nitrogen* 398 32h 449 350 470 376 37k 131
Nitrogen Balance* +52 +55 +60 +66 +62 +49 +l;.6 +70
Urinary Urea Nitrogen* 32l 250 336 32 386 %18 298 3,
% Urea Nitrogen in

Urinary Nitrogen &1 7 & 89 82 85 80 80
Apparent Nitrogen

Digestibility 68 69 69 67 n 70 73 69
Dry Matter Intake® 3643 28,0 371 31,8 42,0 46 3o 3949
Apparent Dry Matter

Digestibility L3 59 57 L3 52 42 L3 LA
BRI N Lokl 3.6k 3.868  3.846 4339 3597  3.756  3.902

* gl /kgWQe/5/day

+ g/kgW0e75/dny

*ce



(a)

She

Because the nitrogen oontent of the feed consumed
was different from that supplied (Appendix 3), as
despite all precaution animals still selectively
feed, the nitrogen intake from the supplement

can only be estimated. In Table 2 the estimated
intakes of supplemented nitrogen have been
calculated from the difference between the total
nitrogen intake and the nitrogen intake from the
basal ration to which the supplement was added
and this has been expressed as a percentage of
the total nitrogen intake, Nitrogen balance

was not correlated with the nitrogen intake from
the supplement (r = +0.56 NS),

Faecal nitrogen excretion was positively and

significantly correlated with nitrogen intake

(r = +0,96%**) and dry matter intake (r = +0,92%%*),

These relationships are given by the regression
equations

Y = 0,26X + 32,8
where Y = faecal nitrogen (mgI\I/kgWO'75/day)

nitrogen intake (umgl/kegW *’2/aay)

P4
i

Y = 3,95X + 6lue2

faecal nitrogen (mgN/kgWO'75/ day)

5
3
o

dry matter intake (g/kgWO'75/day).

L]
1}



TABLE 2

Estimated intakes of supplementary nitrogen (mgN/kgWO'75/ day) from diets supplemented with
urea (U)* or casein (C)?! for each animal during nitrogen balance trials performed during
Experiment 1%

Period Treatment Animal Dry Matter Total Nitrogen Nitrogen Intake  Nitrogen Balance
Intake Intake from supplement (mgN/kgWO*(7/day)
(g/keWO¢ 15/aay) (mgN/kgWOs15/day) expressed as % of
Total Nitrogen

Intake

I U 19N 3643 663 79 +52
c 6 28,0 552 81 +55

c 89 37.1 733 81 +60

U 3 Siglt 613 80 +66

II c N 42,0 753 79 +62
U 6 3.6 608 80 +49

U 69 3he7 615 79 +6

c 3 39.9 725 79 +70

* Nitrogen content of the basal ration was 0,38gN/100g dry weight
+ Diet supplemented with urea (1.81agN/100g dry weight)
£ Diet supplemented with casein (1.80mgli/100g dry weight)

ogg



(e) Total urinary nitrogen did not vary significantly

(£)

with treatment (t6 = 1.30 NS) or period
tg = 0,90 NS) and was positively and significantly
correlated with nitrogen intake (r = +0,98%¥*),
The relationship is given by the regression
equation

Y = 0.68X - 51,0

where Y = total urinary nitrogen (mgN/kgWo'75/ day)

t

X

]

nitrogen intake (mgl/kgl**2/day)
Urinary urea nitrogen was also independent of
the form in which nitrogen was supplied being
positively and significantly correlated with
nitrogen intake (r = +C,91***), The percentage
of urea nitrogen excreted in the total urinary
nitrogen during the nitrogen balance trials is
presented in Table 1,

Digestibility coefficients

The proportion of ingested material not appearing
in the faeces is defined as the apparent
digestibility of that material, Apparent
digestibility of dry matter and nitrogen during
the nitrogen balance trials are given in Table 1,
Apparent digestibility of dry matter was not

correlated with nitrogen intake (r = +0.09 NS)
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or dry matter intake (r = -0,06 NS) and did not
differ signifioantly with either treatment or
period (‘b6 = 2,2 NS and t¢ = 1,06 NS respectively).
However when animals 44,6 and 89 received the
nitrogen supplement in the form of urea, apparent
digestibility of dry matter was consistently

lower than when these animals received the diet
supplemented with casein,

Apparent digestibility of nitrogen was not
correlated with nitrogen intake (r = +0,18 NS)

or dry matter intake (r = +0,25 NS) and did not
differ significantly with treatment (t6 = 0,01 N8).
However apparent digestibility of nitrogen did

differ significantly with period (t6 = 2.45%).

EXPERIMENT 2

Introduction

Like the ruminant, the euro (Brown, 1969) and the

Kangaroo Island Wallaby (BExperiment 1) can utilize non-protein

nitrogen in the form of urea as a dietary nitrogen source,

The ability of the ruminant to utilize urea depends on the

extensive conversion of such nitrogen to microbial protein

by the microorganisms in the rumen (Moir, 1957). A pre-gastric

microbiota has been reported in the forestomach of the quokka
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(Moir et al., 1956) and the red kangaroo (Harrop, 1965).
As these microorganisms have been assumed to be present in the
forestomach of all macropods, the ability of the euro and the
Kangaroo Island Wallaby to utilize urea as a dietary nitrogen
source implies that the conversion of dietary nitrogen by the
pre-gastric microorganisms to microbial protein is as extensive
as in the ruminant,

A preliminary examination of forestomach digesta from
a wallaby fed a maintenance diet (1.5gN/100g dry weight)
confirmed that in this species of macropod a pre-gastriec
microbial population, comprising both bacteria and protozoa,
is present. No comprehensive study was made of numbers or
range of types of bacteria and protozoa, however qualitative
observations were made, In order to observe the types of
free bacteria in the forestomach, preparations of forestomach
fluid were obtained by squeezing forestomach digesta through
terylene voile and 0,%% formal saline was added to the
resulting fluid to fix bacteria present. Bacterial preparations
were examined using phase contrast optics. Bacteria resembling
oscillospd‘-ras, ovals, rods, large chain cocci and various small
chain cocei were tentatively identified from descriptions of
rumen bacteria from sheep (Smiles and Dobson, 1955). Numerous
smaller bacteria also were observed., Protozoa were studied

microscopically in fresh mounts and ciliates resembling
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Isotricha sp. and Diplodinium sp., found in the rumen of
sheep (Hungate, 1966) and described by Harrop (1965) in the
red kangaroo were identified.

Having confirmed that a microbial population occurs in
the forestomach of the Kangaroo Island Wallaby,the following
experiment was carried out to investigate the role of the
forestomach microorganisms of the wallaby in the digestion
of dietary nitrogen, The changes in the distribution of
nitrogen in the forestomach at intervals after feeding was
measured, thereby estimating the incorporation of distary

nitrogen into microbial nitrogen (Weller et al,, 1962).

(ii) ZExperimental Procedure

Five sexually meture female wallabies were fed a low
nitrogen diet (0,42gN/100g dry weight) for five weeks., A
low nitrogen diet was chosen as the experimental diet as the
process used in the separation of forestomach digesta into
its component fractions (see Methods) would have led to any
supplemental nitrogen {urea or casein) being separated from
the plant fibres, resulting in falsely high values for the
nitrogen content of the bacterial, protozoal and soluble
fractions of the forestomach digesta,

The animals were held in metabolism cages in a

temperature controlled animal house (210) for five weeks,
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During the first three weeks they were allowed access to food
for twenty four hours, During the final two weeks they were
trained to consume most of their daily ration rapidly, by
only presenting food for three hours each day in the morning,
Daily dry matter intake was measured during the final three
weeks of the experimental period.

On the last day of the experimental period collections
for the measurement of nitrogen intake were made, the animals
were weighed »nd then killed at three, five, eight, twelve
and twenty four hours after commencement of feeding (Table 3).
The contents of the forestomach were removed and a sub-sample
separated into bacterial, protozoal, soluble, plant and
forestomach fluid fractions. The total nitrogen content
of the forestomach digesta and its component fractions was
measured together with the ammonia content of the forestomach

fluid.

(iii) Results
(1) Dry matter intake (DMI) and nitrogen intake,
As can be seen from Figure 2, DMI declined during
the initial period when feeding was allowed ad 1ib.
This is a feature of Kangaroo Island Wallabies

receiving a low nitrogen diet (Barker, 1968). A

further decline in DMI occurred when feeding time was



FIGURE 2

Mean daily dry matter intake (g/day) of five
wallebies during the final three weeks of

Experiment 2, During the last two weeks of
this period food was presented for only three

hours each day,.
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restricted to three hours each day, However, after
two weeks of the restricted feeding regime, DMI was
only slightly lower than at the end of the period when
feeding was allowed ad lib, This final difference

in DMI also may have been due to the feeding of a low
nitrogen diet.

In Table 3 body weight, DMI, and nitrogen intake
are presented for each wallaby on the last day of the
experimental period. There were differences in these
parameters between all the experimentel animals, The
aim of the experiment was to establish changes in the
distribution of nitrogen in the forestomach of a
single animal at different times after feeding, by
extrapolating from the data collected from a number
of different animals killed at progressive intervals
after feeding. These initial differences in body
weight, DMI and nitrogen intake between experimental
enimals may have led to a small error in the final

result,



TABLE

Body weight (kg), DMI (g/day) and nitrogen intake (mg/day) for
each wallaby on the last day of Experiment 2

Animal Time killed after Body weight DMIT Nitrogen Intake
commencement of (ke) (g/day) (mg/day)
feeding (hours)

Sk 3 Lo713 L7 191

0 5 44256 50 196
25 8 L5114 46 193
32 12 L4191 48 187
23 2 4,258 50 193

A
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(2) Chenges in the distribution of nitrogen throughout
the various fractions of forestomach digesta at

progressive intervals after feeding,

Changes in the nitrogen distribution throughout
the fractions of forestomach digesta are presented in
Figure 3, Although the points have been joined it
mist be remembered that values for each sampling time
are derived from different animals, However as there
was only a small difference in the nitrogen intake of
the experimental animals (Tsble 3), combining the results
in this way probably gives an indication of the trend
of changes in the distribution of nitrogen in the
forestomach of wallabies at progressive intervals
after feedinge.

Tt is clear from Figure 3 that microbial attack
on plant nitrogenous compounds in the diet is extremely
rapid, The forestomach probably contained less than
20 mg of plant nitrogen before feeding end within three
hours after the ingestion of approximately 190 mg of
new plant nitrogen only 70 mg were left, and at five
hours only 41 mg, In considering the rate of attack,
account must also be taken of the time needed to
consume the ration, the bulk of which was consumed
within ninety minutes after presentation, with a small

amount being consumed during the remaining ninety



FIGURE

Distribution of nitrogen (g) in the forestomach
of five wallabies at progressive intervals aftex
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minutes of the feeding period.

With the loss of plant nitrogen there was a
corresponding inorease in the bacterial, protozoal
and soluble nitrogen fractions, Soluble nitrogen
reached a maximum within three hours after the
commencement of feeding and this was partly due to
an increase in ammonia nitrogen (Figure 3). Soluble
nitrogen gradually declined to a minimum eight hours
after feeding and then increased again during the
remaining sixteen hours, Bacterial nitrogen increased
from about 80 mg before feeding to about 230 mg five
hours later and protozoal nitrogen increased from
about 10 mg before feeding to 35 mg eight hours later,
Thus, although a little of the loss of plant nitrogen
may have been due to onward passage of digesta to the
smaller part of the stomach and no doubt part was also
due to direct absorption of soluble nitrogenous
compounds from the forestomach, by far the greatest
loss was due to the incorporation of plant nitrogen
into microbial nitrogen,

The changes in the concentration of nitrogen in
the component fractions of the forestomach digesta
are presented in Appendix L together with the weight

of forestomach digesta. The proportions of bacterial
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and protozoel nitrogen in the total microbial nitrogen
fraction together with the percentage of microbial
nitrogen in the total nitrogen in the forestomach at
different times after feeding is presented in Table L.
It is clear that protozoal nitrogen did not at any
time form more than a small part of the microbial
nitrogen fraction. TWeller et al. (1962) pointed

out that if it can be assumed that all the nitrogen

in the forestomach at any particular time is originally
of plant origin then the proportion of microbial
nitrogen in the total nitrogen in the forestomach is

s measure of the extent of conversion of plant nitrogen
into microbial nitrogen, It can be seen from Table L
that between 64— 85% of the total nitrogen in the
forestomach of the wallaby was miorobial, IHence

the conversion of ingested plant nitrogen to miecrobial
nitrogen in this wallaby fed this particular type of
diet is 64 - 85% based on the assumption of Weller

et al. (1962).



TABLE L

Changes in microbial nitrogen at different times after feeding during Experiment 2

Animal Time killed after % Bacterial nitrogen % Protozoal nitrogen % Miorcbial nitrogen

commencement of in Total microbial in Total microbial in total nitrogen in

feeding (hours) nitrogen nitrogen forestomach digesta
5L 3 ol 6 6l
0 5 9k 6 80
25 8 85 15 85
32 12 86 14 8L
23 2L 89 11 Th

o
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2, RENAL RETENTION AND UTILIZATION OF UREA BY THE KANGAROO
ISLAND WALLABY

A, EXPERIMENT 3

(1) Introduction

Lintem and Barker (1969) found that the Kangaroo Island
Wallaby reduces the excretion of urea in the urine when depleted
of nitrogen and low U/P urea ratios, similar to those obtained
in nitrogen depleted ruminants (Schmidt-Nielsen et &l., 1957,
1958), were recorded. = Schmidt-Nielsen et al. (1957, 1958)
have pointed out that renal retention of urea in nitrogen
depleted ruminants is considerably greater than that recorded
in monogastric mammals similarly depleted of nitrogen
(Schmidt-Nielsen, 1958), They have suggested that extensive
renal retention of urea in ruminants is an adaptive response
to a lowered nitrogen intake, as urea retained in this menner
may increase the amount of urea available for recycling to
the rumen, This in tum may improve the nitrogen status of
the animal and thereby inerease the chance of survival of the
ruminant when there is a critical shortage of nitrogen. This
could also be inferred from the findings of Lintern and Barker
(1969) for the Kangaroo Island Wallaby, as the results of
Experiment 1 indicate that urea recycled to the forestomach

could be utilized by the wallaby and such urea recyecling has
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been reported in the euro (Browm, 1964).

The following experiments were designed to establish
if renal retention of urea in Kangaroo Island Wallabies
depleted of nitrogen is a stimulated response to a lowered
nitrogen intaeke or merely a reflection of a greater capacity
of the kidney to retain urea regardless of nitrogen status,

In order to study any such effect of nitrogen status
upon renal retention of urea in the Kangaroo Island Wallaby,
it was found necessary to establish criteria whereby wallabies
which are suffering a critical shortage of nitrogen can be
distinguished from those that are not.

It appears, from studies arising from the work commenced
by Boussingnault (1844, cited Munro, 196L) and Voit (1867),
that once the minimum nitrogen requirement is satisfied,
protein storage and hence nitrogen retention in mammals may
be limited (Lusk, 1928; Swanson, 1959). It was considered
that wallabies with complete protein stores, if protein
storage is limited in this macropod, and receiving a diet
containing sufficient nitrogen to maintain these stores, would
not be experiencing a critical shortage of nitrogen. Therefore,
the aim of the following experiment was to estsblish whether
nitrogen retention is limited in wallabies with nitrogen
intakes in excess of those required to maintain nitrogen

equilibrium. Barker (1968) had already established the
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nitrogen intake required to maintain nitrogen equilibrium in
the wallaby by feeding both low and adequate nitrogen diets.
As the wallsbies used in the following experiment were those
used by Barker (1968), it waes hoped that, by combining the
results from these two studies, eriteria would emerge which
would enable nitrogen retention to be judged from easily
measurable parameters. These criteria could then be applied
in the subsequent investigation of the extent and control of

renal retention and recycling of urea,

(ii) Experimental Procedure

The four adult female wallabies used throughout this
series of feeding trials had been in captivity for at least
two years and had been cage trained and accustomed to
experimental procedure during the previous twelve months,
when they had been used by Barker (1968) in a similar 5 x 5
latin square experiment, The fifth animal used by Barker
(1968) was no longer suitable for experimental use. In
the reported 4 x 4 latin square experiment each diet was
allotted to each animal uasing a table of random numbers,
The nitrogen content of the four diets was A = 1.50gN/ 100g

dry weight; B = 2,06gN/100g dry weight; C = 2.62gll/100g

1}

dry weight; D

]

3.74gN/100g dry weight, The nitrogen

content of each diet was adjusted using casein., As increases
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in the casein content of each diet were not made at the expense
of any energy supplement, the diets were not isocaloric; the
diet containing the most casein (i.e, D) also had the highest
energy content,

Nitrogen retention was measured by nitrogen balance
trials performed over a ten day period during each of the
four experimental periods., The routine for feeding of animals
and collection and analysis of samples was that of Barker
(1968), In addition urea estimations were performed on
urine samples collected during the reported series of feeding
trials and the urine samples collected during periods 2«5 of
the feeding trials of Barker {(1968), Urine samples from
period 1 of Barker's experiment were unavailable as they had
been discarded. Blood samples were also colleoted on the
last day of each ten day balance period in the reported
experiment and analysed for urea. Blood samples were not
collected from animals during the feeding trials performed

by Barker (1968).

(iii) Results
The raw data from this experiment is presented in
Appendix 5 (A-C). In Table 5 daily dry matter intake and

nitrogen intake and excretion are related to the metabolic

body weight, kg'*?” (Kleiber, 1961). Daily dry matter
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excretion (kgWO'75 ) and water turnover (kgWO'B; after

Richmond et 8l., 1962) are presented in Appendix 6. Analysis

of variance calculated from the data given in Table 5 is

presented in Table 6 (A-C) and that from data in Appendix 6

in Appendix 7. Correlation coefficients between paired

measurements mede during the experiment together with

regression equations for significantly correlated parameters

are given in Appendices 8 and 9.

N

Main findings from analysis of variance and

calceulation of correlation coefficients from data

obtained in the reported feeding trials.

(a)

(b)

Dry matter intake (DMI) varied significantly

with period and animal but not with treatment,
There was a significant negative correlation

(r = ~0,995**) between mean DMI and mean daily
temperature during the outdoor prefeeding period
(25.7°, 18.9°, 14.4° and 12.4° respectively for
periods I - IV) prior to each experimental
period, DMI was also positively and significantly
correlated with dry faecal output, water intake
and faecal watexr output.

Nitrogen intake varied significantly with
treatment and period but did not vary with animal,

Nitrogen inteke and total urinary nitrogen were
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(a)

(e)

(£)
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both significantly correlated with nitrogen inteke,
Total urinary nitrogen did not vary significantly
with animel but did vary significantly with period
and treatment and was positively and significantly
correlated with nitrogen inteke and nitrogen
balance,

Faecal nitrogen did not vary significantly with
animal, period or treatment smd was not scorrelated
with any of the parameters measured during the
nitrogen balance trials.

Nitrogen balance varied significantly with
treatment but not with period or animal and was
positively and significantly correleted with
nitrogen intake and total urinary nitrogen,
Digestibility coefficients

Apparent digestibility of dry matter and nitrogen
for this series of feeding trials are presented

in Appendix 5 (A and B), There was no change

in apparent digestibility of dry matter with
changing nitrogen or dry matter intake, However
there was a stepwise increase in apparent
digestibility of nitrogen with increasing nitrogen
intake and these two parameters were positively

and significantly correlated (r = +0,78%**),
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Daily dry matter and nitrogen intake and partitioned nitrogen excretion measured during
the nitrogen balance trials of Experiment 3 of four female wallabies expressed as
functions of their metabolic weights

"é Body weight Dry Matter Nitrog Urinary Faccal , Nitrogen Urinary urea
9 § o (%)  Intake* Intak Nitrogen? Nitrogenf Balance® Nitroge
i g3
$ &
A 2 2.925 9.9 161 105 75 -19 6
; B 16 34476 Mok 322 163 87 +72 36
c 1 3.767 23,5 667 389 220 +59 193
D 18 34313 1843 723 391 225 +107 230
A 18 34246 27.9 332 158 145 +28 60
7 B 2 3,230 20,2 323 156 145 +22 62
¢ 16 3.387 18,7 508 238 227 iy 107
D 1 34653 2346 770 1486 227 +57 31
A 16 34283 25,0 433 150 225 +58 53
r B 1 3.617 28.5 14,86 226 216 il 70
c 18 3,200 35.6 907 648 178 +81 47
D 2 2,906 2he1 927 707 149 +71 495
A 1 3¢57h 29.0 335 172 148 +15 T
vy B 18 3,148 3342 694 418 215 +61 254
c 2 2,902 26,0 778 473 222 +82 307
D 16 34226 2742 1008 737 188 +83 575

v ofkgi® P/asy P mgl/kgh"" )/ aay

%G



TABLE 6

Summary of analysis of variance of parameters measured during the nitrogen

balance trials of Experiment 3 and presented in Table 6,

are also presented.

A,

Mean measurements

Paremeter Treatment F Statistical
Significance
A B C D
Dry Matter Intake® 23,0 23,3 25,9 2343 1.1 NS
Nitrogen Inteke® 345 456 715 857 L ARTA Aok
Urinary Nitrogen® 147 241 437 580 12,97 s
Facoal Nitrogen® 48 166 212 197 1016 NS
Nitrogen Balance® +20 +9 +66 +30 6,00 o

* g/keW" /any

° ngN/xeW o 2/any

]
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TABLE 6 (cont,)

Parameter Feriod F Stastical
Significance
I IT III IV
Dry Matter Intaket 15,8 22,6 28,3 28.9 21,79 won
Nitrogen Intake® 468 483 688  T7Q4 9,22 o
Urinary Nitrogen® 262 260 433 450 3 74 *
Faecal Nitrogen® 152 186 192 193 0o 5l NS
Nitrogen Balance® #5437 63  +61 1,22 NS

® ngN/kgWO* 2/aay

*%a



Ce

TABLE 6 (conta)

Parameters 4nimal F Statistical
Significance
1 2 3 L
Dry Matter Intake 26,2 20,0 20,6 28,8 10,63 o
Nitrogen Intake® 564 547 568 66l 1459 NS
Urinary Nitrogen® 38 361 322 L0 0,55 NS
Faecal Nitrogen® 203 148 182 191 0.78 NS
Nitrogen Balance® 3 438 46k +69 2,05 NS

+ g/kgWO'75/ day

© nel/keW" 2/aay

ogg
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Apparent nitrogen digestibility was independent

of DMI and apparent dry matter digestibility.

(2) Nitrogen intake, nitrogen balance and nitrogen

exoretion

()

Nitrogen balance and nitrogen intake.

In Figure 4 nitrogen balance is plotted
against nitrogen intake, Included are the
data from the reported experiment together
with the data of Barker (1968) for the same
four animals given five treatments at lower
nitrogen intekes, It is apparent that the
relationship between nitrogen balanoce
(retention) and nitrogen inteke is not
linear. At nitrogen intakes up to

400~ 500 mgN/kgWO'75/ day nitrogen helance
increases with nitrogen intake, However

at higher nitrogen intakes SIreo—iIs—=o

0 .
R AN A K] 1Y AN DA A YA A/ RS N S S A PR P )8 W S WS AR RN

sz@ the rate of nitrogen retention is—edmesd
declines.
. Thus above and below nitrogen
intakes of 40O~ 500 mgll/keW'® (2/day there is

a different relationship between nitrogen

intake and nitrogen balance.



FIGURE

Changes in nitrogen balance (mgN/keW * >/day) with
inereasing nitrogen intake (mgN/lcho‘75/ day) for
four wallabies fed diets of differing nitrogen
content during a 5 x 5 latin squere experiment
(Barker, 1968) and a L4 x 4 latin square experiment
(this thesis).

® data obtained by Barker (1968)

O date obtained by the author
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(b) Nitrogen intake and total urinary nitrogen

excretion,
In Figure 5 total nitrogen and urea nitrogen
excreted in the urine are plotted against nitrogen
intake, Again data obtained in the reported
experiment together with data for the same four
animals obtained by Barker (1968) are included.
In addition,values for urinary urea nitrogen
excretion obtained by the author by analysing
urine samples collected during periods 2-5 of
Barker's experiment (Appendix 10) are presented.
It can be seen that the pattern of nitrogen
excretion in the urine, like nitrogen balance,
differs above and below nitrogen intakes of
400~ 500 mgN/kgWO'75/day. Below this nitrogen
intake there is a slow and constant increase in
the excretion of total urinary nitrogen., However
above this nitrogen intake, total urinary nitrogen
exoretion increases rapidly.
This pattern of increasing total urinary nitrogen
exceretion with increasing nitrogen intake is
brought about primarily by a similar pattern in
the excoretion of urea nitrogen, However the

inerease in total urinary nitrogen with increasing
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nitrogen intake was also due to a slight increase
in the excretion of non-urea nitrogen in the
urine, There was a positive and significant
correlation between non-urea nitrogen in the urine
and nitrogen intake over the entire range of
nitrogen intakes obtained in the reported experiment
and that of Barker (1968) and this is illustrated
in Figure 6., There was also a positive and
significant correlation between the percentage of
total urinary nitrogen excreted as urea nitrogen
over the whole range of nitrogen intakes in the
reported experiment and that of Barker (1968)
(Figure 7).«

Faecal nitrogen and nitrogen intake

These two parameters were not significantly
correlated in the reported experiment, In Figure 8
faecal nitrogen is plotted against nitrogen intake
and includes values obtained in the reported
experiment together with those obtained by Barker
(1968). It can be seen that faecal nitrogen
increased with inereasing nitrogen intake up to a
nitrogen intake of 400- 500 mgN/keW * 7/day and
then remained unchanged up to a nitrogen intake

of about 800 mgN/keW'"'?/day. At higher nitrogen



FIGURE 5

Changes in total urinary nitrogen (mgN/kgWO'75/ day)
and urinary urea nitrogen (mgN/kgWO'75 /day) with
increasing nitrogen intake (mgly/kgW°® °/day) for

four wallabies.

Total urinary nitrogen

® Data obtained for these four wallabies fed
five diets of differing nitrogen content
by Barker (1968) during & 5 x 5 latin

square experiment.

O Data obtained for these four wallabies fed
four diets of differing nitrogen content
by the author during a 4 x 4 latin square

experiment.

Urinary urea nitrogen

B Data obtained for these four wallabies fed
four diets of differing nitrogen content
by Barker (1968) during four periods of a
5 x 5 latin square experiment, Urine
samples from Barker's experiment were
analysed for urea by the asuthor and urine
samples from period 1 of Barker's experiment

were no longer available,

O Data obtained for these four wallebies fed
four diets of differing nitrogen content
by the esuthor during a 4 x 4 latin square

experiment,
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FIGURE 6

Changes in urinary non-urea nitrogen (non-urea-iN)
(mgl/kgW¥* 17 /day) with increasing nitrogen intake
(mgN/kgWo’75/day) for four wallabies,

® Date obtained by reanalysisz of urine samples
from four periods of the 5 x 5 latin square
experiment of Barker (1968).

O Data obtained during the reported L x 4
latin square experiment,

Urinary non-urea nitrogen and nitrogen intake were
positively and significantly correlated (r = +0,92%%%);
the regression equation is

Y = 0, 47X + 39,1

where Y = urinary non-urea nitrogen
(mgh/keWOe 75/day)

X = nitrogen intake (mgN/kgW0‘75/ day)

]

FIGURE 7

Changes in the percentage of urea nitrogen in the total
urinary nitrogen (UUN % TUN) with increasing nitrogen
intake (mgl/kegW°* 7/aay),

® Data obtained by reanalysis of urine samples

from four periods of the 5 x 5 latin square
experiment of Barker (1968).

O Data obtained during the reported 4 x 4
latin square experiment.
The percentage of urea nitrogen excreted in the total
urinary nitrogen was positively and significantly
correlated with nitrogen intake (r = +0,96%**); the
regression equation is
Y = 0,08 + 3.9

where Y = the percentage of urea nitrogen
excreted in the total urinary
nitrogen,

= nitrogen intake (mgN/kgWo'75/day)-
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FIGURE 8

Changes in faecal nitrogen (mgN/kgWO‘75 /day) with
inoreasing nitrogen intake (meN/keW *'’/day) for
four wallabies fed nine diets of differing nitrogen
content during a 5 x 5 latin square experiment
(Barker, 1968) and a L x 4 latin square experiment

(this thesis).

@ data obtained by Barker (1968)

O data obtained by the author
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intakes faecal nitrogen declined.
(3) Plasma urea and U/P urea ratios

In Figure 9 plasma urea concentration is plotted
against nitrogen intake. These two parameters were
positively and significantly correlated, Urea U/P
ratios were also positively and significantly correlated

with nitrogen intake and this is illustrated in Figure 10,

(4) Conclusion

The results of the reported experiment indicate
that the rate of nitrogen retention in the Kangaroo
Island Wallaby fed this particular type of diet is
limited at nitrogen intakes in excess of l;_OQngN/kgWOJS/day.
The nitrogen contents of the presented diets which
resulted in meximum rate of nitrogen retention were
greater than 1,5gl/100g dry weight. A maximum rate
of nitrogen retention was associated with levels of
urea nitrogen in the urine which formed more than
50~ 60% of the total urinary nitrogen and U/P urea
ratios of greater than 50, At the lowest levels of
nitrogen retention obtained by Barker (1968) for the
seme wallabies urea nitrogen formed less than 15% of
the total nitrogen in the urine, Corresponding U/P
urea ratios canmot be determined because plasma urea

was not measured in the experiment of Barker (1968).



FIGURE 9

Changes in plasme urea (mg/100 ml) with increasing
nitrogen intake (mgN/keW'*!>/day) for four wallabies
fed four diets of differing nitrogen content during

a 4 x 4 latin square experiment, Plasma urea was
positively and significantly correlated with nitrogen

intake (r = +0,71%**); +the regression equation is:

Y = 0,03X + 28,2

i

plasma urea (mg/100 ml)
nitrogen intake (mgN/kgW0‘75/day)

where Y
X

PIGURE 10

Changes in the ratio: urea Urine/Plasma (U/P urea)
with increasing nitrogen intake (mgN/kgWO‘75/day) for
four wallabies fed four diets of differing nitrogen
content during a 4 x 4 latin square experiment, Urea
U/P ratios were positively and significantly correlated
with nitrogen intake (r = 30,92***); the regression

equation is:
Y = 0,22X - 46,3

U/P urea
nitrogen inteke (mg/kgl " >/day)

where Y
X

i

]
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However Lintern and Barker (1969) found thet male
wallabies,fed a low nitrogen diet and in negative
nitrogen balance similar to that obtained by Barker
(1968) for female wallabies,had U/P urea ratios of

11 to 12. Therefore in the following three experiments
wallabies fed diets of nitrogen content greater than
1,5gN/100g ary weight and with U/P urea ratios greater
than 50 and excreting more than 50% of the total urinary
nitrogen in the form of urea nitrogen have been defined
as having a maximum rate of nitrogen retention,
Similarly wallabies fed a diet with the lowest nitrogen
content possible (i.e. one in which no supplemental
nitrogen has been added) have been defined as having

a minimmm rete of nitrogen retention when their U/P
urea ratios are 10 or less and urea nitrogen forms

less than 154 of the total urinary nitrogen,

B, EXPERIMENT L

(i) Introduction

The following experiment was carried out to further the
investigation of the control and extent of renal retention of
urea in the Kangaroo Island Wallaby during periods of nitrogen

depletion,
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Lintern and Barker (1969) had already established that
the reduction in the exoretion of urea in the urine of the
nitrogen depleted wallaby was similar to that recorded in
nitrogen depleted sheep (Schmidt-Nielsen et al., 1958;
Scehmidt-Nielsen and 0'Dell, 1959) and camels (Schmidt-Nielsen
et al., 1957) end considerably less than that recorded in
men and dog similarly nitrogen depleted (Schmidt-Nielsen, 1958).
As previously pointed out, this difference in the excretion of
urea in the urine between nitrogen depleted monogastric mammals
and ruminents and wallabies is thought to reflect an adaptation
of the ruminant and wallaby kidney to periods of nitrogen
depletion, Extensive renal retention of urea in these mammals
may enhance their nitrogen economy by increasing the amount of
uree available for recycling to and utilization in the
forestomach,

Schmidt-Nielsen et al, (1957, 1958) have established
that renal retention of urea in camels and sheep is due to
extensive reabsorption of urea in the renal tubule, as
glomerular filtration rate (GFR) is independent of nitrogen
intake whilst urea clearance is closely related to nitrogen
inteke, They also found that renal tubular reabsorption of
urea in nitrogen depleted sheep and camels is extremely
efficient,as only 1- 5% of the urea filtered by the kidney was

subsequently excreted in the urine,
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Kidney slice analysis, similar to that performed on
sheep (Schmidt-Nielsen and 0'Dell, 1959), suggested that renal
regulation of urea excretion in the Kangaroo Island Wallaby
also ocours at the renal tubular level, However as nitrogen
depletion in rats and dogs results in a reduction in urinary
urea exeretion which is associated with a reduction in GFR
(Sharmon, 1936a; Dicker, Heller and Hewer, 1946; Dicker,
1949), the possibility that this could also ascount for the
reduction in urinary urea excretion in wallabies depleted of
nitrogen could not be disregarded.

Accordingly the following experiment was carried out to
investigate the site of control of renal retention of urea in
the Kangaroo Island Wallaby, and in addition, if this were
found to be due to renal tubular reabsorption, to establish
whether renal tubular reabsorption of urea in nitrogen
depleted wallabies is as extensive as it is in nitrogen
depleted ruminants.

As there is no published account of measurement of GFR
in a macropod marsupial, it was necessary to find a suitable
reference substance (Smith, 1956) the clearance of which could
be used for this purpose, As the wallaby responds adversely
to extensive handling (Lintern and Barker, 1969), a reference
substance of endogenous origin was considered to be the ideal

index of GFR, since measurement of the clearance of such a



6ke

substance would not require handling the animal except for
the collection of blood samples,

Although clearance of endogenous true creatinine (ETC)
has been widely used as an index of GFR in mammals fed a
creatinine~-free diet, comparisons of EIC clearance with a
standard reference substance,such as inulin,have revealed that
ETC clearance is only a valid measure of GFR in some mammals,
It is valid for the camel (Schmidt-Nielsen et al., 1957), sheep
(Shannon, 1937; Schmidt-Nielsen et al., 1958), rabbit, seal
and cat (Smith, 1956) but not the dog (Hare and Hare, 1954),
rodents (Schmidt-Nielsen, 1954), cattle (Campbell and White,
1967) and man (Hare, Goldstein, Barnett, McNamare and Hare,
1949; Pitts, 1969; Mandel, Jones, *7illis and Cargill, 1953;
Miller and Winker, 1938; Mattar, Barmett, McNamara and Lauson,
1952; Taggart, 1950; Miller, Leaf, Mamby and Miller, 1952).
In the case of man the results have been somewhat conflicting
since MeQueen, Morrison and Wong (1960) have found ETC
clearance to be a valid measure of GFR,

In the light of this evidence the validity of ETC
clearance as a measure of GFR was tested in the Kangaroo Island

Wallaby using inulin clearance as a standard of reference.
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Experimental Procedure

(1) The validity of ETC clearance &s a measure of GFR

using inulin clearance as a standard of reference,

Four adult male Kangaroo Island Wallabies, which
had been housed in individual outdoor pens in the Zoology
Department animal yards and fed a maintenance diet of
1.5gN/100g dry weight and allowed water ad lib,, were
used throughout this experiment,

Ramsay and Coxon (1967) found that a single
subcutaneous injection of inulin (2 ml/kg body weight
of an aqueous solution of 20g inulin/100 ml) could be
used to achieve a constant plasma inulin level for a
minimum period of one hour in dogs, In order to test
whether this dosage was applicable to the Kangaroo
Island Wallaby each animal was anaesthetised with
nembutal via a marginal ear vein, and a blood sample
taken at thirty minute intervals for one hundred and
fifty minutes, Plasma from these samples was then
analysed for inulin, Mean plasma inulin concentrations
for the four wallabies are presented in Figure 11,

A constant plasma inulin concentration lasting for
sixty to ninety minutes and commencing sixty minutes
after the injection was achieved for each animal,

These results agree with those of Ramsay and Coxon (1967).



FIGURE 11

Changes in mean plasma inulin concentrations
(mg/100ml) for four male wallabies before and
after a subcutaneous injection of inulin
(2ml/kg body weight of an aqueous solution 20g

inulin/100ml) during Experiment L.
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Having found that this method was suitable for the
Kangaroo Island Wallsby, two thirty minute clearance
trials were carried out to compare the clearance of
inulin and ETC in animels fed a maintenance diet,
Bach animal was fasted overnight and the following
morning weighed and water loaded with approximately
50 ml of water per kilogram body weight to induce
water diuresis and hence a high urine flow rate
(Ramsay and Coxon, 1967)., Thirty minutes after water
loading the animals were anaesthetised and given a
subcutaneous injection of inulin (2 ml/kg body weight
of an aqueous solution 20g/100 ml) in the shoulder area,
Ninety minutes after water loading and sixty
minutes after dosage with inulin two thirty minute
clearance periods were taken, Immediately prior to
the commencement of the clearance periods a polythene
bulb catheter was introduced via the urethra into the
bladder and the bladder emptied. Urine was collected
from the bladder during the clearance periods from the
catheter., A blood sample was collected a2t the mid point
of each clearance period., Penicillin was administered
as a routine at the end of the clearance period and the
animals returned to outdoor pens and feeding of the

maintenance diet continued,
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Inulin and ETC in plasme and urine samples were
determined and from the results presented in Appendix 11
it is clear that the ratio (ETC U/P/ Inulin U/P) is not
significantly different from 1 indicating that ETC
clearance, under the conditions of this experiment, is
a valid measure of GFR in the Kangaroo Island Wallaby.
(2) Fluctuations in plasma urea and ETC concentrations

over a thirty six hour periode

In order to measure FIC and urea clearance over a
twenty four hour period during which only one blood
semple was taken it was necessary to determine if plasma
urea and ETC concentrations fluctuated during this time,
Aocordingly the four wallabies (still fed a maintenance
diet) were placed in metabolism cages and blood samples
collected at six hourly intervals over a thirty six
hour period, The animals during this period were allowed
food and water ad lib,

Plasmae EIC and urea concentrations are presented
in Appendix 12A where it can be seen that plasma ETC
remained fairly constant over the entire thirty six
hour period, with the exception of animal 56, This
animal was partieularly agitated when caged and the
fluctuations in plasma ETC may have been due to activity

(Beard, 1943), Plasma urea concentrations fluctuated
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in a uniform menner reaching maximum values at 11 a.m.
and 11 pem, daily.

Somers (1961¢) attributed similar diurmal fluctuations
in plasma urea concentrations in sheep to the feeding
pattern of these animals, as plasma urea concentrations
reached a maximum approximately nine hours after feeding
and five hours after ruminel ammonia levels had reached
a maximum. It was considered that the uniform
fluetuation in plasma urea recorded in the Kangaroo
Island Wallaby may also be due to the feeding pattem.
Wallabies in captivity have been observed to feed
mainly at dawn and dusk, regardless of when food is
presented and in Experiment 2 it was demonstrated that
feeding resulted in a rise in forestomach ammonia levels
which reached a maximum some three hours after feeding,.
It would be expeoted therefore that this would result
in raised plasme urea levels as occurs in sheep,

Accordingly six hourly blood sampling was repeated,
the animals were deprived of food and water during this
thirty six hour period and also eight hours prior to the
eollection of the first blood sample., From Appendix 12B
it can be seen that fluctuations in plasma urea and
ETC were less evident under these conditions., Since

urea levels remained at the minimum value obtained
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during the previous thirty six hour collection period
(Appendices 12 A and B) this was evidence to support
the suggestion that the peak in plasma urea levels
was postprandial in origin, Thus it was now possible
to create conditions in which a single blood sample

was representative of 24 hour plasma urea and ETC levels.

(3) Measurement of GFR and the fraction of filtered
urea exereted in wallabies fed a high or low

nitrogen diet,

The wallabies were then divided randomly into two
groups. Animals 392r and 394r were assigned to a low
nitrogen diet (0,3gN/100g dry weight) and animals 10 and
56 a high nitrogen diet (3.7gN/100g dry weight) and
these diets were fed with water ad lib, for one month,
One week prior to the end of the prefeeding period
the animals were placed in metabolism cages in a
temperature controlled animal house (21°). The animals
were weighed and a twenty four hour urine sample and a
blood sample collected on each of three alternate days.
The animals were deprived of food and water during each
twenty four hour collection and for eight hours prior
to the commencement of each collection period. Depriving
the animals of water ensuredthat urine flow rate was

low, a condition necessary for this experiment, as



7%

Schmidt-Nielsen (1958) has reported "wash out" of urea
from kidney tissue of some nitrogen depleted mammals
with high urine flow rates, Depriving the animals of
food ensured that the plasma urea levels would be
constant over a twenty four hour period.

Meyer, Weir eand Smith (1955) found that sheep,
which had been fed an adequate nitrogen diet and then
deprived of food and water for thirty six hours, show
a small reduction in body weight, urine volume and the
excretion of nitrogen in the urine, Although depriving
wallabies of food and water for thirty two hours may
have had a similar effect in the reported experiment,
both groups of wallabies were treated in the same way.

Urine was collected every three hours and residues
remaining on the shutes were washed down with distilled
water. Bulked samples of urine and washings were
immediately frozen at -1 0°, This was to reduce any
decomposition of creatinine which occurs at room
temperature (Van Niekerk, Bensadoun, Paladines and
Reid, 1963).

It should be pointed out that in order to use ETC
clearance as a measure of GFR in this study the basic
assumption had to be made that renal handling of ETC

was the same under conditions of either high urine flow
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(water diuresis) or low urine flow, O'Connor (1962)
points out that sxamination of papers in which ETC
clearance and inulin clearence have been reported as
not significantly different, reveals that the urine flow
has frequently been raised by osmotic or water diuresis
and therefore the validity of extrapolating from this
to conditions of minimum urine flow is questionable
and conflicting results leave this unresolved (Shannon,
1936b; Chelsey, 1938; Ladd, Liddle and Gagnon, 1956).
Before clearance of ETC and inulin are accepted
categorically as a measure of GFR in the Kangaroo Island
Wallaby the clearance of these substances should be
investigated at varying plasma concentrations and urine
flow rates,

Plasma and urine samples were analysed for ETC
and urea and in addition urine samples were analysed
for total nitrogen. Samples from the first collection
day were analysed before collections were made on the
subsequent two collection days to ensure that U/P uresa
ratios in high nitrogen animels were greater than 50 and
that urinary urea formed more than 50% of the total
nitrogen in the urine and similarly that low nitrogen
wallabies had U/P urea ratios of less than 10 and that

urea formed less than 15% of the total urinary nitrogen,
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Following the three day collection period a comparison
of inulin and XTC clearance was performed,as described
before,to test whether BTC is a valid measure of GFR
in wallabies fed high and low nitrogen diets.

The animals were then returned to outdoor pens and
fed a meintenance diet for one month, Animals 10 and
56 were then fed the low nitrogen diet and animals
392r and 394r the high nitrogen diet for a subsequent
montk, Following one week of cage training during
the last week of the prefeeding period, twenty four hour
collections were made on three alternate days as before,
This was again followed by a comparison of EIC and

inulin clearance.

(iii) Results

The results from the three alternate day collections
during Periods I and II are presented in Table 7(A and B).
Results for individual daily collections are presented in
Appendix 13{A,B, C and D). It can be seen that on day one of
each collection period wallabies fed the high nitrogen diet had
U/P urea ratios greater than 50 and urea nitrogen formed more
then 50% of the total urinary nitrogen. Similarly, wallabies
fed the low nitrogen diet had U/P urea ratios of less than 10

and urea nitrogen formed less than 15% of the total urinary
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nitrogen, Therefore the criteria established in Experiment 3
were satisfied,

Statistical analyses of the results indicates urine
volume, plasma ETC, urinary ETC, GFR and urea retained by the
kidney do not differ significantly with the nitrogen content of
the diet and hence nitrogen intake, However plasma urea,
urinary urea and U/P urea ratios differed significantly with
the diet., None of the parameters measured varied significantly
with period {Table 8),

A comparison of inulin and BTC clearance after Periods I
and II indicated that ETC clearance is a valid measure of GFR
when the animals are fed a high or low nitrogen diet

(Appendix 14A and B).



TABLE 7A

Mean values for paremeters measured on three alternate days during
period I of Experiment )4 for four wallabies fed a high or low

nitrogen diet

Diet Low Nitrogen High Nitrogen
Animal 392r  39%r 10 56
Body weight (kg) 4,013 6,061 7.158 6,456
Urine Volume(ml/day) 72 59 89 63
Plasma Urea (mil/1) 2,0 1.8 8ols 71
Plasma ETC (mg/100 ml) 1.2 1.3 1,0 1.0
Urinary Urea Zf/day) 1 17 6360 511
Urinary EIC¢ (mg/day) 89,0 128,8 153,171 138.8
U/P Urea Ratio 2 143 189
Creatinine coefficient*® 22,18 21,26 2139 21,50
GFR (ml/day) 7380 9981, 15310 13880
Renal retention of urea (mg/dey) 88y 1091 1361 84,0
% filtered urea excreted 1.5 146 82.1 86.1
Urinary Nitrogen (mg/day) 86 100 3356 2897
% Urea Nitrogen in 8 8 89 83

Urinary Nitrogen

* ETC excreted in the urine expressed in mg/kg/dsy

L



TABLE

Mean values for parameters measured on three alternate days during
period II of Experiment L4 for four wallabies fed a2 high or low
nitrogen diet

Diet HighNitrogen Low Nitrogen
Animal 3%2r 3% 10 56
Body Weight (kg) Lho72h 6,602 6,308 5,610
Urine Volume (ml/day) 63 75 116 53
Plasme Urea (mM/1) 745 91 1e5 1.7
Plasma ETC (mg/100 ml) 1ol 1okt 0.9 0.9
Urinary Urea day) 2577 4707 28 17
Urinary ETC (mg/day) 104,8 140,6 136,2 123,2
U/P Urea Ratio 9l 120 3 3
Creatinine coefficient* 22,18 21,30 21,60 21,95
6FR (ml/day) 7521 10067 15191 13839
Renal retention of urea (mg/day) 821 777 1370 1423
% filtered urea excreted 759  85.9 2,0 1e2
Urinary Nitrogen (mg/day) 1638 2852 145 118
% Urea Nitrogen in 7 79 9 7

Urinary Nitrogen

°Gl

* BTC excreted in the urine expressed in mg/kg/day
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Variations of parameters presented in Tables 7A and 7B
with diet and period during the two experimental
periods of Experiment L

Parameter Pe:Zod Dizt
Urine Volume (ml/day) 0.40 NS 0.17 NS
Plasma Urea (mk/1) 0,05 NS 13, L2k
Plasme ETC (mg/100ml) 1,20 NS 0,85 N8
Urinary Urea (mg/day) 0,85 NS 5 e 95k
Urinary ETC (mg/dey) 0,31 NS 1,02 NS
U/P urea 0.51 NS 6o 61200k
GFR (ml/deay) 0,01 M8 0,0/ NS
Creatinine coefficient 0.6k NS 0.58 NS
% filtered urea excreted 0,05 NS 35 97%**
Renal retention of urea (mg/day) 0,24 NS 1424 NS
Urinary Nitrogen (mg/day) 0,38 N8 6499%**
% Urea Nitrogen in Total 0.51 NS 16,3 e

Urinary Nitrogen




C. EXPERIMENT 5

(1) Introduction

The results of Experiment 4 indicated that the Kangaroo
Island Wallsby, like the ruminent (Schmidt-Nielsen et al., 1957,
1958) reduces the fraction of filtered urea exoreted in the
urine during periods of nitrogen depletion and that this is
brought about by extensive resbsorption of urea from the filtrate
in the renal tubule, However, no statistical difference was
found in the amount of urea retained by the kidney of the
nitrogen depleted wallabies and those in positive nitrogen
balance, although the former consistently retained more urea
than the latter,

It has been demonstrated that camels (Solmidt-Nielsen
et al., 1957) end sheep (Schmidt-liielsen and Osaki, 1958;
Houpt, 1959; Somers, 1961d) retain injected urea when they
are depleted of nitrogen although ciroulating plasma urea levels,
at least for a limited period, may be elevated to levels found
when these animals are receiving an adequate nitrogen diet,
It was further found that cemels (Schmidt-Nielsen et al., 1957)
and sheep (Somers, 1961d) receiving an adequate nitrogen diet
excrete much of the injected urea in the urine, Retention of
injected urea has slso been demonstrated in goats (Houpt, 1959)
and rabbits (Houpt, 1963) depleted of nitrogen. These results

suggest that a particular mechanism for the reabsorption of
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urea operates in the kidney of these animals during nitrogen
depletion and is stimulated by a depressed nitrogen status but
unaffected by temporary rises in cireulating plasme urea levels,
It was considered that as the Kangaroo Island Wallaby parallels
the ruminent in other aspects of renal handling of urea, the
kidney of this wallaby might also retain injected urea during
periods of nitrogen depletion, This was investigated in the

following experiment,

3.

(ii) Experimental Procedure

Bight adult male Kangaroo Island Wallabies were used.
They were fed a maintenance diet (145gN/100g dry matter intake)
and allowed water ad lib, for four weeks, During this time
they were periodically placed in metabolism cages to accustom
them to experimental routine, At the end of this period the
animals were divided randomly into two groups of four., One
group (wallsbies 39r, 392r, 89 and 394r) was fed a low nitrogen
diet (0.30gM/100g dry weight) and the other (wallabies 39, 7,
1 and L) a high nitrogen diet (2.60 gh/100g dry weight).

Twenty four hour urine samples were collected together
with a blood sample immediately prior to the commencement of
feeding of test diets and again three weeks later., The wallabies
were then held in metabolism cages for one week for cage

training. After the wallabies had been fed test diets for
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one month, twenty four hour urine samples together with blood
samples were collected on three conseoutive days, At the end
of the three day collection period each animal was injected with
700mg of urea (30g/100ml in O,5% saline after Houpt and Houpt,
1968)s Since these animals are particularly difficult to
handle, each animal was anaesthetised immediately prior to the
injection of urea to ensure that the total dose was introduced.
The amount of urea given was designed to raise the plasma urea
concentration in the nitrogen depleted wallabies to within the
range found in nitrogen sufficient wellabies (5- 10ml/1) and
in the nitrogen sufficient wallsabies to raise the plasma urea
concentration no higher than values previously recorded in this
species (Lintern and Barker, 1969; +this thesis).

Blood samples were taken immedietely prior to the urea
injection, after ten, thirty and two hundred and seventy minutes
and then at twenty four hour intervals after the injection of
urea until plasma urea levels approached pre~injection values,
Twenty four hour urine samples were collected following the
injection of urea and also continued until plasme urea levels
approached pre-injection values, Urea was estimated in the
plasma and urine and total nitrogen in the urine, ETC
clearance was measured on the three days before and after the
injection of urea and on these days urine was collected three

hourly and immediately frozen (Van Niekerk et al., 1963).
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(iii) Results

(1) Changes in body weight, plasma and urinary urea and
total urinary nitrogen during the prefeeding period,

(a) Body weight.
During the first three weeks of feeding of test
diets (the prefeeding period) the wallebies fed
the high nitrogen diet maintained their body weight,
However when these animals were removed to
metebolism cages they lost weight and this continued
throughout the remainder of the experiment for
animals 1 and 4, animals 39 and 7 recovering some
of their initial weight loass by the end of the
experimental period, This weight loss may have
been due to a deoline in appetite arising from stress
ceused by the change in holding conditions, The
mean weight loss for the animals fed the high
nitrogen diet at the end of the experiment was 5%,
The wallabies fed the low nitrogen diet lost weight
continually throughout the prefeeding and
experimental periods (18%) and thus any effect of
caging on body weight in this group of wallabies
would have been masked,
Changes in body weight for both groups of wallabies

during the prefeeding and experimental periods are
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presented in Appendix 15.

(b) Plasme and urinary urea and total urinary nitrogen*,
These parameters increased during the prefeeding
period in the wallabies fed the high nitrogen diet
and decreased in those fed the low nitrogen diet
(Appendices 16, 1% and 1B)s These changes were
reflested in corresponding changes in U/P urea
ratios and the percentage of urea nitrogen exoreted
in the total urinary nitrogen (Tables 9 and 10),
The response of wallaby 39r differed from that of
the other wallabies fed the same diet, 1In this
wallaby plasma urea levels 4id not decrease and the
decline in urinary urea and total urinary nitrogen
was less than that recorded in the other three
wallabies., From Tables § and 10 it can be seen
that at the end of the four week prefeeding period
U/P urea ratios and percentage of urea nitrogen in
the total urinary nitrogen were greater than 50 and
50% respectively in the wallabies fed the high

nitrogen diet and less than 10 and 15% respeotively

* When urinary urea (mg/day) and total urinary nitrogen
(mg/day) are given for a particular dey, e.g. day 31,
this is the twenty four hours commencing on day 30 and
ending on day 31« Urea U/P ratios have been caloulated
from plasma urea values estimated from blood samples
collected at the end of each twenty four hour urine
collection,
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in the wallabies fed the low nitrogen diet, In
animel 39r, although the U/P urea ratio was less
than 10 at the end of the prefeeding period, urea
nitrogen formed 30% of the total nitrogen exereted
in the urine, However, with the exception of
animal 39r, the values obtained for U/P urea ratios
and the percentage of urea nitrogen in the total
urinary nitrogen comply with the coriteria set

down in Experiment 3 for detecting wallabies with
maximum and minimum rates of nitrogen retention,
It is clear from Appendices 16, 17 and 18 that
caging of the wallsbies receiving the high
nitrogen diet not only resulted in a decline in
body weight but also was reflected in a decline

in plasma and urinary urea, total urinary nitrogen
and hence U/P urea ratios and the percentage of
urea nitrogen in the total urinary nitrogen

Tebles 9 and 10), This supports the hypothesis
that caging causes an initial depression of
appetite and hence a decline in dry matter and
nitrogen intake, However, after one week of
caging these parameters had stabilised at a
s8lightly lower level. Caging may have hed a

similayr effect on the wallabies fed the low
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nitrogen diet, However since feeding a low
nitrogen diet resulted in a continual decline in
plasma and urinary urea and total urinary nitrogen
during the prefeeding period,any such effect was
masked,

(2) Plesma and urinary urea, totel urinary nitrogen and

derived parameters following an intravenous
injection of urea,

Changes in plasme urea following the injection of
700mg of urea in each group of wallabies (Appendix 17)
have been expressed as means and illustrated in
Figures 12 and 13, Data from animal 39r has not been
ineluded owing to the atypical response of this animal
to a low nitrogen diet (Appendix 17). In both groups
the injection of urea resulted in an initial increase
in plasma urea and this was followed by a rapid deeline
which was complete thirty minutes after the injection
of urea, This initial rapid deeline in plasma urea
was no doubt due to the mixing of injected urea throughout
the total body water available for urea dilution
(Painter, 1940),

After mixing of injected urea was complete, a

difference was found in the pattern of decline of plasma

urea in the two groups of wallabies, In the wallabies



fed the high nitrogen diet plasma urea levels had
returned to pre-injection level within twenty four

hours after the injection of urea (Figure 13)., However,
in the wallabies fed the low nitrogen diet the decline
in plasma urea levels was much slower and plasma urea
levels were greater than the pre-injection level five
days later (Figure 13),

The rapid decrease in plasma urea, and hence the
rapid disappearance of injected urea from the total
body water available for urea dilution, (Painter, 1940)
during the twenty four hours following the injeection of
urea was accompanied by an increase in urinary urea
and hence total urinary nitrogen in the wallabies fed
the high nitrogen diet (Figure 12), U/P ures ratios
showed a corresponding increase (Table 9) as aid the
percentage of urea nitrogen excreted in the total
urinary nitrogen (Tsble 10), Urinary urea and total
urinary nitrogen then remained at pre-injection lewvel
or slightly lower for the subsequent four days of the
experimental period (Figure 12),

The injeotion of urea did not result in a similar
increase in urinary urea and total urinary nitrogen in
the wallabics fed the low nitrogen diet (Figure 13).

Urinary urea excretion increased slightly in wallabies



FIGURE 142

Mean plasma ures (md/1), urinary urea (mg/day) and
total urinary nitrogen (mg/day) before and after
an intravenous injection of urea for four male
wallabies fed a high nitrogen diet during

Experiment bHe
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FIGURE 4

Mean plasma urea (mM/1), urinary urea (mg/day) and
total urinery nitrogen (mg/day) before and after
an intravenous injection of urea for three male
wallabies (392r, 89 and 394r) fed a low nitrogen

diet during Experiment 5.
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TABLE

U/P urea ratios during the prefeeding period and the
experimental period of Experiment 5 when an intravenous
injection of urea was given to eight wellebies fed on
low or high nitrogen diet, The wallabies were removed
to metabolism cages on day 23 and on day 31 were
injected with urea.

Diet High Nitrogen Low Nitrogen

Animal % 7 1 ke 39r 392r 89 3%

Day

1 53 59 77 66 89 98 81 32
23 56 T 72 78 29 9 10 15
29 ¥ 7% 93 79 12 6 4 1
30 56 70 83 108 11
b7 73 89 9 119 8 6 4 L

\n

Urea Injection (700mg/ animel)

32 93 136 105 155 1 7 1 2
33 63 103 111 119 13 4 1 1
3 5, 105 155 489 7 1 4 0.9
35 90 118 145 119 100 2 1 1

36 71 98 123 124 10 1 0,8 1




TABLE 10

Urinary urea nitrogen expressed as a percentage of
total urinary nitrogen during the prefeeding period
and the experimental period of Experiment 5, when
an intravenous injection of urea was given to eight
wallabies fed a low or high nitrogen diet.

The

86,

wallabies were removed to metabolism cages on day 23

and on day 31 they were injeoted with urea,

Diet High Nitrogen

Low Nitrogen

Animal 3 7 1 4

39r 392r 89 3%

Day
1 61 65 72 63
23 80 81 84 78
29 71 84 81 86

30 86 79 70 78
31 78 79 82 79

Urea Injection (700mg/ animal)

32 81 86 83 81
33 79 76 79 11
34 75 78 79 76
35 73 76 79T
36 71 82 79 77

50
52
55
25
30

34
L1
3
29
29

69
24
10

12

7

17
17
A
A
L

72
27

FF O o F

54
30

15

w N
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392r and 394r but declined to an even lower value in
walleby 89, Wallaby 39r responded to the injection

of urea by increasing the excretion of urinary urea
during the forty eight hours following the urea injeotion.
Urinary urea levels were lower than pre-injection levels
(with the exeeption of 39r) for the rcmainder of the
experimental period in the wallabies fed the low
nitrogen diet (Figure 13, Appendix 15), This was
accompanied by corresponding changes in totel urinary
nitrogen exeretion (Pigure 13) and hence U/P urea
ratios (Table 9) and the percentage of urea nitrogen
exoreted in the total urinary nitrogen (Table 10).

On two occasions during the post-injection period

U/P urea ratios of less than unity were recorded

frable 9)e It must be pointed out that post-injection
U/P urea ratios are not true values for each twenty
four hour period following the injection of urea as
plasma urea values,which were estimated from the blood
samples collected at twenty four hour intervals,have
been used to calculated this parameter, It is clear
from Figures 12 and 13 that plasma urea levels declined
during the twenty four hours following the injection

of urea in the wallabies fed the high nitrogen diet,

thus the U/P urea ratios caloulated for this period
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of the post-injection period are too high.
Similarly U/P urea ratios during the entire post-
injection period in the wallebies fed the low nitrogen
diet are too high for the same reason, Thus, although
U/P urea ratios of less than unity were recorded on only
two occesions, if the mean plasma urea level for each
twenty four hours of the post-injection period is used
to caleulate the U/P urea ratio for each day, then this
is less then unity in the wallabies depleted of nitrogen
for mich of the post-injection period,

The percentage of inJjected urea not appearing in
the urine for both groups of wallabies has been caloulated

in Table 11 from the following equation:

Up = U =(Ty - U5) ;400
UI 1
where UR = the percentage of injected urea not

appearing in the urine during the twenty
four hour post-injection period.

UA = urea excreted in the urine during the
twenty four hour post-injection period
(mg/day)e

Uy = mean urea excretion (mg/day) in the urine
on the three days prior to the injeotion
of urea.

UI = Urea injected (mg)
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The amount of urea which would have been excreted
in the urine on the day of the experiment if urea had
not been injected has been estimated by calculating the
mean daily excretion of urea in the urine from the
daily urinary ures excretion on the three days
immediately before the experiment. It can be seen
from Appendix 16 that the exeretion of urea in the
urine by each animal on these three days fluctuated
only slightly.

The wallabies fed the high nitrogen diet
excreted 62% of the injected urea in the urine within
the twenty four hours after the injection of urea.
However, the wallabies fed the low nitrogen diet
exereted only % of the injected urea in the urine
during the same period,

In Table 12 ETC clearance for both groups of
wallabies on the three days before and three days after
the injection of urea is presented. It can be seen
that ETC clearance, and hence GFR (Experiment L) was

unaffected by the injection of urea,
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TABLE 11

The percentage of injected urea* not appearing in

the urine of two groups of wellabies, one of which

was fed a high nitrogen diet and the other 2 low
nitrogen diet during Experiment 5

inimal  Diet U.° uf uwt

39 3336 3797 3
7 High 3457 390k 36
1 Nitrogen 4573 4983 L2

L 3390 3808 40

X - 38
397 260 368 85
392r Low 28 69 9l

89 Nitrogen 28 14 100

394y 14 26 __9_?_
X (392r, 89, 394r) = 97

*  700mg of urea injected intravenously into each

wallaby

oUB = Mean urea excretion (mg/day) in the urine of each
wellaby on the three days prior to the experiment

%y ) = urea excreted (mg/day) in the urine during the
twenty four hour post~injection period

+UR = the percentage of injected urea not appearing in

the urine during the twenty four hour post-injection
period,



TABLE 12

ETC clearance (ml/day) measured on three days before and three days after
the injection of urea for each wallaby during Experiment 5

Diet High Nitrogen Low Nitrogen
Animal 39 7 1 b 39r  392r 89 39k
Day

29 11,715 13,366 15,723 12,119 13,076 7,605 13,431 9,960

30 11,980 13,366 15,746 12,153 12,980 7,487 13,386 10,024

34 44,894 13,407 15,725 12,142 12,980 7,518 13,493 10,001
Urea Injection (700mg/animal)

32 11,868 13,383 15,762 12,159 13,012 7,57h 15,427 9,89

33 41,804 13,401 15,698 12,187 13,090 7,436 13,427 10,016

3 11,911 13,401 15,723 12,126 12,994 7,583 13,399 9,935

*16
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D. __ EXPERIMENT 6

(1) Introduction

Although Colin (1886, cited Hungate, 1966) first
reported the presence of urea in ruminant saliva, it was
McDonald (1948) and Somers (1961a, b, o and d) who demonstrated
that salivary urea entering the rumen formed a significant and
utilizable portion of the nitrogen intsake in these animals.

The theory that endogenous urea might also enter the rumen
directly from the blood stream was later advanced by Chalmers
and Synge (1954) and in 1957 Simmonet et ale, using en isolated
rumen, demonstrated that this occurs. It has been established
that the major portion of endogenous urea entering the rumen
comes directly from the blood stream (Houpt, 1959; Decker,
Hill, Gartner and Homicke, 1960), only a small fraction
arising from salivary urea (Somers, 1961a, b, o, and d).

Browmn (1964) suggested that, since the euro had a
ruminant~like digestion, endogenous urea might be recycled
to its forestomach and that this additional nitrogen source
would be of particular importance during periocds of lowered
nitrogen intake. In a subsequent experiment Brown (196k)
demonstrated that urea is recycled to the forestomach of the
euro via the saliva and directly across the forestomach wall
from the blood stream, Furthermore, like sheep and goats,

most of the urea recycled to the forestomach came directly
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from the blood stream,

Previous experiments reported herein have indicated that
the Kangaroo Island Wallaby could utilize urea if it were
recycled in the way outlined above, In addition the marked
renal conservation of urea by nitrogen depleted wallabies,
similar to that found in sheep (Schmidt-Nielsen et al., 1958),
goats (Hill et al,, 1962) and camels (Schmidt-Nielsen et al.,
1957) fed low nitrogen diets, suggests that endogenous urea
contributes to the nitrogen economy of this macropod via
urea recycling, This suggestion is supported by the results
of the previous experiment, Injected urea gradually
disappeared from the total body water available for urea
dilution of the nitrogen depleted walleby, however this urea
did not appear in the urine and therefore presumably entered
the digestive tract (Houpt, 1959).

The following experiment was designed to investigate
the quantitative aspects of the renal response of nitrogen
depleted and sufficient Kangaroo Island Wallabies to injected
urea. The aim of this experiment was to establish whether
renal retention of injected urea occurred concurrently with
ures recycling to the forestomach, In addition it was
considered that the difference in the renal response to
injected urea by nitrogen depleted and sufficient wallabies

might be a reflection of a difference in the amount of injected
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urea recycled to and utilized in the forestomach, as utilization
of endogenous urea would be expected to be of greater importence
in the nitrogen economy of nitrogen depleted wallabies than

in those with an adequate nitrogen intake, This was
investigated by measuring the extent of incorporation of
injected ures into mierobial nitrogen in the forestomach.

During & preliminary examination of digeste from various
regions of the digestive tract of a walleby fed a maintenanoce
diet (see Experiment 2),bacteria and living protozoa were found
not only in the forestomach but also in the caecum and adjacent
regions of the intestine, Therefore the possibility that
urea is recyeled to the hindgut was also investigated. The
region chosen was the caesoum because it is clearly defined
and easily recognisable,

The movement of injected urea into the forestomach and
caecum of the wallaby was measured directly using N15 labelled
urea (N15H200N15 *), Movement of injected urea into the
entire digestive tract was also caleculated indirectly using
the urea dilution technigue of Painter (1940) as applied to

sheep and goasts by Houpt (1959) for this purpose.

ate

* N7 labelled urea obtained from ONIA (Office National
Industriel de L'Azote), Toulouse, France,
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(ii) Experimental Procedure

It was originally planned to use eight experimental
animals, however, due to under delivery of N15 labelled urea,
the number of experimental animals had to be reduced to five.
These wallabies were used in the previous experiment and
therefore were accustomed to experimental routine. They were
fed a maintenance diet (1.5gl/100g dry weight) for one month
and during this time they were allowed water ad lib. They
were then divided into two groups., Animals 392r and 4 were
fed a high nitrogen diet (2,60gN/100g dry weight) and animals
39, 1 and 7 & low nitrogen diet (0,34gN/100g dry weight).

In this experiment the feeding of test diets was extended

to six weeks instead of the customary four weeks, This was
due to the late delivery of the N'2 labelled urea. Body
weight, plasma and urinary urea and total urinary nitrogen
were measured immediately prior to the commencement of feeding
of test diets and after eighteen, thirty two and thirty seven
dayse.

The experiment was performed over a three hour period
on the last day of the six week prefeeding period and the
following routine was employed. Eleven hours prior to the
experimental period the wallabies were fed, After three

hours, remaining food was removed and the experiment commenced
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eight hours later*, At the beginning of the experimental
period each animal was snaesthetised, & blood sample taken
and the bladder catheterised, emptied and washed, Urine
and washings were discarded., An intravenous injection of
N2 labelled urea in 0.5% saline (Houpt and Houpt, 1968)
(14,643 atom percent excess N15) was then given to each
animal in the dosage of 90mg urea/kg body weight, Blood
samples were taken at ten minutes, thirty minutes, one hour,
two hours and three hours after the injection of urea, The
wallabies were anaesthetised throughout the experimental period,
Urine spontaneously voided during this period was collected
from the catheter into 25% HZSOA.‘ At the end of the
experimental period the bladder was emptied and washed and
urine and washings bulked,

Each wallaby was then killed and the forestomach,
caecum and bladder ligatured and excised, The small amount
of fluid in the bladder wes added to the urine and washings
collected during the experimental period and totel urine and

washings stored at -1 o° for later enalysis, The forestomach

* This treatment was to ensure that plasma urea levels
remained unaltered during the collection of urine
(Experiment 4) and that ingested food was at the same
stage of digestion in the forestomach within each group
of wallebies (Experiment 2), As the wallabies were fed
at dewn, most of the ration was consumed (Experiment A).
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was then removed and a subsample separated into bacterial,
protozoal, soluble and forestomach fluid fractions, Bacterial
and protozoal fractions were then immediately digested for

total nitrogen and N 2

determinations, The forestomach fluid,
soluble fraction of forestomach digeste and remaining
forestomach digesta were stored at ~i 0° for subsequent
analysis, Digesta removed from the caecum was also stored

at -10° for later analysis,

Ureo estimations were performed on plasma, urine and
caecal and forestomach digesta. Total nitrogen in the
forestomach digesta and associated fractions and in caecal
digesta was also determined together with the ammonisa content
of the forestomach fluid, The atom percent excess NJI5 in
the forestomach digesta and associated fractions, caecal
digesta and N15 exereted as urea nitrogen in the urine were

determined,

(iii) Results

(1) Chenges in body weight, plasma and urinary urea
and total urinary nitrogen during the prefeeding

period are presented in Appendix 19. From Tables 13
and 1L it can be seen that by day thirty seven U/P urea
ratios were less than 10 in the wallabies fed the low

nitrogen diet end greater than 50 in those fed the
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high nitrogen diet. Similarly, the percentage of urea
nitrogen in the total urinary nitrogen was 15% or less
in the nitrogen depleted wallabies and greater than
50% in the wallabies fed the high nitrogen diet.

Thus the criteria set down in Experiment 3 of this
thesis for detecting wallabies with meximum and

minimum nitrogen retention were satisfied,

(2) Basal plasma urea concentrations during the
experimental period for each animal could not be

estimated by N15

determinations, as extremely large
blood samples would have been needed., Accordingly,
the plasma urea concentration estimated immediately
prior to the experimental period was used as an
estimate of basal plasma urea concentration during
the experimental period., This value agreed well
with plasma urea concentrations measured at the same
time on the three days prior to the experiment
{fable 15).

Plasma urea concentrations before and after the

15

injection of N - labelled urea for both groups of
wallabies are presented in Figures 14 and 15,

As found in the previous experiment, the mixing of
injected urea throughout the total body water

available for urea dilution wes complete thirty



TABLE 13

U/P urea ratios during the prefeeding
period of Experiment 6 for
five wallabies

. Day
Animal Diet 0 18 32 37
39 82 6 5 8
Low
7 Nitrogen &8 7 >
1 100 6 L 2

392r High 71 37 100 115
4 Nitrogem 73 71 7 79

TABLE 14

Urinary urea nitrogen expressed as a percentage of
total urinary nitrogen during the prefeeding
period of Experiment 6 for five wallabies

Animal Diet 0 18 32 37

39 80 23 19 12
Low

7 Nitrogen 75 20 18 15

1 72017 7 7

392 High 66 71 80 82
I Nitrogen 70 7% 74 79

99



FIGURE 1L

Changes in plasma urea concentration (md/1)
following an intravenous injection of I\T“5 labelled
urea for wallabies 39 (@), 7 (O) anda 1 (X)) fed

a low nitrogen diet during Experiment 6,
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FIGURE 1

Changes in plasma urea concentration (mM/1)
following an intravenous injection of N15 labelled
urea for wallabies 392r (O) and 4 (@) fed &

high nitrogen diet during Experiment 6,
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TABLE 1

Plasma urea (mM{1) for five wallabies on the three
days prior to Experiment 6 and also on the day
of Experiment 6 immediately prior to the
injeotion of N15 1labelled urea

Diet High Nitrogen Low Nitrogen

Animal

Day . 32r & 39 7 1
1 666 G 0.5 0,9 241
2 Boi 641 0,7 0,8 240
3 6.6 6.2 0,5 1,0 2,2
L 6ol 641 0,8 0,9 2,3

* Day of experiment



minutes after the injection of urea, Similarly,

the disappearance of injected urea from the blood

(and hence the urea dilution volume) was more rapid

in the wallabies fed the high nitrogen diet (Figure 15)
than in those fed the low nitrogen diet (Figure 14).
The decline in plasma urea in both groups of wallabies
was linear once initial mixing of injected urea was

complete,

(3) The excretion of injected urea in the urine during
the experimental period has been calculated from the
atom percent excess N15 in the urea nitrogen execreted
in the urine during this period (Appendix 20). The
wallabies fed the high nitrogen diet exereted L4h.Fh
of the injected urea in the urine during the three
hours following the injection of urea, whereas the
wallabies fed the low nitrogen diet excreted only
0.%h of the injected urea during the same period
(Table 16). These results agree with those obtained
in Experiment 5.
(4) BEstimation of the total amount of injected urea
present in the digestive tract at the end of

the experimental period using the indireect
method of Houpt (1959).

Houpt (1959), working with sheep and goats, stated

that injeeted urea lost from the total body water
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available for urea dilution, which does not appear in

the urine, enters the digestive tract. The amount

of injected urea present in the digestive traect at

the end of the experimental period is calculated from

the difference between the total amount of injected urea

which has disappeared from the total body water available

for urea dilution and the amount of injected urea

appearing in the urine, The total body water available

for urea dilution can be calculated by the urea

dilution technique of Painter (1940), Values for

total body water available for urea dilution in the

wallabies of the reported experiment have been caloulated
appearad

and presented in Table17., It f=—xiw=e that total

body water available for urea dilution formed a smaller

percentage of the body weight in the wallabies fed

the high nitrogen diet than in those fed the low

nitrogen diet, However this difference was not

statistically significant,.

The amount of injected urea which disappears from
the total body water available for urea dilution (IUDT)
is calculated from the relationship:

IUDT = PID x V (1)
where PID = total amount of injected urea which has

disappeared from the plasma (mg/1l) during



TABLE 16

The percentage of injected urea excreted in the urine

of five wallabies during Experiment 6

Animal Diet Urea injected Injected Urea % of Injected Urea
(mg) excreted in exoreted in the urine
the urine
(mg/3 hours)
39 L63 2 0.3
Low
7 Nitrogen k71 . Ol
4 601+ 2 03
392r High 571 21 45,2
y  Titwogen 532 245 1348

*cot



where PUO =

‘g
]

Typr=

10k,

the experimental period, This has been
celculated for each animal from Figures 1L
and 15 using the equation:

= (Pyo = Pp) - (Pyp - Bp)

plasma urea (mg/l) immediately after the
injection of urea if mixing were complete
at this time and estimated by extrapolation
of the linear part of the curve (Figures 14
and 15) back to the time when urea was
injected., Painter (1940) has shown this
to be a valid procedure.

plasma urea (mg/l) immediately before the
injection of urea.

plasme urea at the end of the experimental
period.

total body water availeble for urea
dilution (1),

total injected urea (mg) which disappears
from the body water available for urea

dilution during the experimental period.

Therefore the amount of injected urea which is

present in the entire digestive tract at the end of

the experimental period (IUR) is given by the equation:

Tog

= Typr ~ Urm (2)
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where I, = total injected urea (mg) which disappears
from the total body water available for
urea dilution during the experimental
period.
Uy = Injected urea (mg) exoreted in the urine

during the experimental period.
This has been caleulated for wallabies in the reported
experiment and presented in Teble 18,

It is clear from Table 18 that injected urea was
present in the digestive tract of both groups of wallabies
at the end of the experimental period, Significantly
more injected urea was present in the digestive tract of
the wallabies fed the low nitrogen diet than in those
fed the high nitrogen diet.

(5) Diréct estimation of the amount of injected urea

in the forestomach and caecum at the end of the

experimental period using I\I15 labelled urea,

(8) Injected urea present in the forestomach.
N15 , Whieh could only have arisen from urea N15
introduced into the blood stream, was detected in
the forestomach digesta of both groups of wallabies
and paxrt of the N15 wes in the form of microbial
nitrogen (Appendix 21), The amount of injected

urea nitrogen in the forestomach digesta at the



TABLE 1

Calculation of total body water available for urea dilution of five
wallabies during Experiment 6 using the urea dilution technique of
Painter (1940)F

Animal Diet Body Weight U PyTO v V%
(kg) (mIgIS (mg}l) (1)  Body Weight
39 5.148 463 192 2,20 42,6
7 NiiI:fden 5,232 471 210 2.23 42,8
1 6.7 60, 204  2.96 Lo
X = 43.1
3927 High 5,233 474 222 2,12 L0
y ~ Nitrogen 5.908 532 223 2,38 40,2
X = 40,3
t, = Ouk6 NS
+ Total body water = Urea Injected (Urg)
available for
urea dilution (V) Concentration of injected

urea in plasma (Pyrg)
if mixing were complete
immediately after the
injection of urea

901



TABLE 18

The amount of injected urea in the entire digestive tract of five wallabies
at the end of Experiment 6 using Equations 1 and 2

Animal Diet Injected urea Injected urea Injected urea Injected urea Percentage of
lost from the  (mg) lost from (mg) appearing present in the  Injected urea
plasma (mg/1) the total body  in the urine  digestive trect present in
(Pmp) water available (v1m) (mg) (Iygr) the digestive
for urea tract
dilution (Iypr)

39 32 70 2 68 15
Low

7 Nitrogen 2 L 2 69 15

36 73 2 | 11

392r High 108 229 21% 15 3

L Nitrogen 116 276 245 34 6

t3 = To235%%

‘Lot
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end of the experimental period has been calculated
from Equation 3 and these values are presented in
Table 19.

Injected urea nitrogen in the forestomach

at the end of the experimental period (mg)

), 10 (3)

10 643 % 1

#(atom percent excess N in injected urea)

The amount of injected urea which must have entered
the forestomach to give rise to this quantity of
N15 detected at the end of the experimental period
also is presented in Teble 19 and was calculated

by dividing Equation 3 by O.47, the fraction of

the urea molecule comprised of nitrogen.

Tt can be seen from Table 19 that at the end of

the experiment,more injected urea nitrogen was
present in the forestomach digesta of the wallabies
fed the low nitrogen diet than in those fed the
high nitrogen diet. This trend followed that found
when injected urea present in the entire digestive
tract was measured indirectly (Teble 18) and the
quantities involved were similar,

The distribution of injected urea nitrogen throughout

the bacterial protozoal and soluble fractions also
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differed in the two groups of wallabies (Table 20),
In those fed the low nitrogen diet, injected urea
nitrogen was equally distributed between bacterial
and soluble nitrogen, only 1- 2% being in the form
of protozoal nitrogen, In the wallabies fed the
high nitrogen diet however, injected urea nitrogen
was found predominantly in the nitrogen of the
soluble fraction (81%), the remaining 19% being
incorporated as microbial nitrogen, 1Le5% in the
bacterial fraction and L4.5% in the protozoal
fraction, Of the injected urea nitrogen in the
soluble fraction of forestomach digesta, 53% was
in the form of ammonia nitrogen., This contrasted
with the wallabies fed the low nitrogen diet.

Only 25% of the injected urea