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CHAPTER 1
INTRODUCTION

In recent years an increasing amount of attention has been given to
the mineral fraction of feeds and to its importance in animal nutrition.
fAs a ¥qsu;;, it is now well-recognised that’ the value of a dietary source
of an.element depends not only upon its total content,\ppg also upon the
ability of the animal to extract that element and to retain it for use in
metabolic processes., A considerable body of evidence now exists to show
that the avqilabi;iyy 6fJ§pe inorganic elements, to the animal, may differ
widely in various livestock feeds and supplements.

Insufficient data are available, however, to allow any great im-
provement in the present system of recommending dietary allowances for min-
erals, which is based upon the total content of the element with no allow-
ance being made for the non-available fraction. In addition, it is be-
cogigg apparent that the percentage availability or digestibility of an
element is not a constant for a particular feed but varies with the species
of animal, its age and past nutritional history and other factors.
| The introduction of suitable radioisotope procedures has made: pos-
sible a deeper understanding of the various metabplic processes associated
witguthe ingestion and subsequent utilization and distribution of the in-
organic elements. In addition, such methods have greatly helped in obta%nf
iqg,adggge‘acgurate estimate of the true digestibility of mineral elements
in feeds under varying dietary and environmental conditions. Considerable
data are now available from this type of study, particularly for the ele-

ments calcium and phosphorus



.Several reports exist which strongly suggest that in&graggions be-
tween both the organic and inorganic eonstitueqts in the alimentary tragt
of an gn;ggl may increase or decrease calcium and phpsphorus,absorption.
It would therefore seem pertinent to study some of these possible g£;§g§§
upon availability and to estimate their magnitude,

Mdttle information is available regarding the effects of aluninium
and ziﬁc upon the gyg%&ahi}@;y of calcium and phosphorus in xqmﬁqa@gg.
‘gpqngh some does. exist for' laboratory animalsgs ghe ggement aluminium is
of cbnsiderable interest in view of its suggested use. as gn,gl;gvigtquinﬂ
fluorine toxicity, while the increasing nutritional r&les of zinc. and the
_suggestion of a relationship to calcium in parakeratosis, make it an ele-
ment worthy of stg@gt

The present investigation was conducted to dq}g;mqukgﬁgyﬁﬁggggs of
dietary aluminium and zine upon the absorﬁtion and retention of qalgégy qqg
ph%%pho;qp in lambs. GConventional chemical and radiochemical balance ex-
periments were made wﬁiqh allowedvipe calculation of data for the net ab-
sorption, endogenous fecal excretion and true digestibility of calcium and

phosphorus.
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GHAPTER 11

REVIEW OF LITERATURE

Calcium and Phosphorus Availability Studies

The pfﬁppnp %1;9:ature review is primarily concerned with procedures
for, and the resu}?s of, expgg}mgngg‘;p determine the absorption and ex-
ngg}on of feed calcium and phospho;yg under %agg%ng dietary and environ-
mental conditions. No attempt is made to review the vast L;tgrayqre deal-
ing with the broader aspects of calcium and phosphorus ﬁgtaboliqm,'3§th
aquq@; qre‘fully discussed in a number gf extensive rev&ews,(nnckwofth
and Hill, 1953; Glass, 1952; Greenberg, 1939; and others).

| ;Eor the pgs& fifty yeaxg; efforts have bgep maQe to0 measure the di-
gestibility of caleium and phosphorus in human and animal £eed§, }%n many
such investigations; vegetable materials intended for human ppn;umpgion
were the subject of study (Shields et al., 1940; Kelly, 1943;’§g;rbaykﬁ
and Mitchell, 1938),,and in the majority, the rat'has been the éﬁggr;meg§a1
animﬁi, -ggleium and Phquhprqs qigestibility studies y@@h farm animals are
limited in number, W

LAYy ¥
.

1

thereby necessitating the extrapolation of the data from
;gggiep w;ty(laboratory animals.

ﬁgpmgrous procedures have been ygeg for measuring the availability of
?q;qiuﬁ and phosphorus to the various animal species. B?Ianee styﬁiqp have
been made on man by Mitchell and Curzon (1939) and on farm animals by Forbes
g&kg;.kgl92%). Lindsey and Archibald (1925), Weber et al. (;94Q)trMathur
and De;ia_ﬁ1954). and others,

The use of small laboratory animals has made possible studies based



upon whole body amalysis. Thus Tisdall and Drake (1938), Drake et al,
(}949), Sur and Subrahamyan (1952), Armstrong gnd Tpomas (1952), have all
employed this procedure, using the rat as the experimental subject., It may
be noted that such studies provide net retention, rather than digestibility
data, based as they are upon the determination of stored calecium and phos-
phorus.

Partial body analysis, particularly of bones, is a further method of
assessing the net retentaon of the two elements and has been employed by
Wilcox et al, (1953) using chicks, and with rats by Barrentine et al, (1944)
and Armstrong and Thomas (1952), |

While most of the above-mentioned workers recognizea the importance
of the fecal endogenons excretion of the two elements, techniques were not
available to distinguish between fecal caleium and phosphorus of food origin
and that from body stores. As a consequence, most data were reported as the
apparent digestibility or as net retention, rather than as the true digest-
ibiiiiy. term which requires a knowledge of the fecal endogenous excretion
as a prerequisite to its éalculation.~,0bspite this and other limitations,
such- studies served to show, firstly, that animals cannot utilize all of
the calcium and phosphorus in feeds (Forbes et al., 1922; Lindsey and Archi-
bald, 1925 and others), and secondly, that feeds differ in the relative
availabilities, to the animal, of their calcium and phosphorus contents
(Turner et al., 1927; Williams et al., 1940 a and b;. Armstrong and Thomas,
1952; and others),

Prior to the development of radioisotope techniques, some. efforts
had been made to.determine-the endogenous fecal excretion of calcium and

phosphorus. Thus Mitchell ot al. (1937), lnngmeil (1941) and Aylward and
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Blackwood (1936), attempted to measure endogenous fecal ‘calcium under. fast-
ing eonditionsygr on diets free of, or 1oy‘in, calcium. Thesé tgchniques
impose abnormal conditions and require the animal to be in a postaLdorhtive
state, a condition difficult to achieve in the ruminant animal. Further,
the data obtained under such conditions have limited application to normal
feeding conditions even within the same animal (Benedict and Ritzman, 1935),

Mitchell and Curzon ;193?).\§teggerda an& Mitchell (1951), and H?g-'
stéd,g;,g;. 1195%), estimated the total endogenous calcium excretion at
Zero calcium:intake in humans by.extrapolating a regression line reliting
calcium uptake to calcium balance. Similar objections may be made to this
method as to that of measuring the endogenous fecal element excreted on a

calcium-free diet (Visek g% al., 1953).

The Use of Radioactive Isotopes in Calcium
and Phosphorus Availabillty Studies

- Becent developments in radioactive isotope procedures have made
possible the direct estimation of the fecal calcium and phosphorus of en-
dogenous origin. An isotope dilution method has been used to determine
endogenous fecal phosphorus by Kleiber et al. (1951), Lofgreen and Kleiber
(1953) and Visek et al.. (1953), whilst a method involving concurrent
chémical and radiochemical balance studies has been proposed and used by
Hansard et al. (1951 b) for calecium,

Comar et al.. (195?) obtained excellent agreement for the endogenous

fecal ecaloium excretion in cattle using both the isotope dilution and the
eq;parative balance methods., These workers diseussed~the‘as;umptiops and

limitatjons inherent in the two procedures and eqncludqd that the greatest
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limiting errors were those associated with any conventional balance trial.

The use of such procedures has added greatly to.our knowledge, not.
only of the true digestibility to the animal of calcium and phosphorus from
different dietary sources, but also of the fecal excretory mechanism under
various dietary and physiological conditions. Hansard et al. (1954) have
shown that the endogemous fecal calcium values were relatively constant for
animals of the same species at the same age and nutritional status, and that
from sexual maturity to maturdty the effect of' age was not great.

The importance of the age factor upon mineral element absorption can-
not be over-emphasised. It is knawn that the rate of calcium absorption
decreases with the progressive caicification of the skeleton (Fairbanks and
Mitchell, 1936) such that when the adult Stage is reached the net deposition
is extremely low, At this point calciﬁm excretion balances the intake.
With advancing age the process goes further and inereased catabolism leads
to a loss in bone salts (ﬁpCay,gglg;.. 1935; Henry and Kon, 1947; and others).

Hansard gt al., (1954), using caleium-45, clearly showed the rela-
tionship between age and calcium absorption. Only 3 per cent of an orally
administered dose of calcium-45 was excreted in the feces of a young calf;
this ﬂigure rose to 62 per cent by the age of 6 months, and to 83 per cent
in an animal of 160 moh;hs of age, Similarly, the excretion of an intra-
venously administered dose of calcium-45. as indicative of the level of en-
dogenous fecal excretion, rose from 8 per cent in the 6 month-old animal to
25 per cent at 160 months. Hansard ég‘gl. (1954) show the great effect of
such age absorption and excretion patterns upon the results of availability
experiments. Thus while at 10 days old, the apparent and true digestibili-

ties of calcium for cattle were 93 and 98 per cent respectively, these values
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were down to 14 and 34 per cent in one-year old animals and -28 and 22 per
cent in aged animals. It is evident from these data that\availabilixy
studies on different feeds can only have meaning when considered in rela-
tionship to the age of the animal, and camnot be thought of in terms of a
—constqht'attribute of the feed.

Yet a further difficulty in the interpretation of digestibility data
for caléium and phosphorus in a particular feed are the variations caused
by previous nutritional history., 'Hansard and Plumlee (1954) have reported
that the current calcium intake had less inflﬁence upon fecal endogenous
calcium losses in rats.than had the calcium status of the animals at the
time of measurement. In animals with low calcium body stores, the total
absorption of caleium-45 was lncreased,;while the endogenous fecal loss of
the element was reduced, thus giving a greater nmet retention of calcium,
However, under the same conditions, phosphorus-32 was absorbed but was sub-

sequently re-excreted by way of the kidneys and so less was retained,

The Effects of Aluminium upon Calcium
and Phosphorus Metabolism

While all plants and animals contain traces of aluminivm, no evidence
has so far been produced to show that it is an essential elemsnt im biologi-
cal processes. Hove et al. (1938) concluded that if the rat needed any alu-
minium at all, then its requirement was satisfied by one microgram of the
element per day, . :

Consilderable attention has bggn directed to the possible toxic and
deleieriods.ef(ects of aluminium in view of its consumption, by mam, in the

form of baking powders and by solution from cooking utensils, Myers and
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Mull (1928), fed rats, through four generations, on a diet which contained
i
potasgium aluminiym sulphate in §uch a quantity as to give 240 p,p.m. of

the element, They observed nhaz}the growth curves of such gnimalsrqompgggd»

well.wigh those of poqtrol.{ats\sndnthngreapﬁen; was ﬁ;thdut other. effects,

HcCollum et al. (1928) similarly found that a diet containimg 600
p.p.m. of alumig}um, fed to rats, exerted no"deleterious' action upon growth,
reproduction 6rlbﬁaema1 weil-being as judged by external appearance and an-
topsy. Thege workers concluded. that aluminium was not absorbed out of the
stomech or intestinal tract when Present in the dies. Myers and Norrison

§192§)meon;1rnad'thbsq findings, using dogs as the experimental animals

and diets containing 0.23 grams and 1.55 grams of aluminium per day. No

marked increase 15’;1uminium was found.in the tissues, with the exception
of the liver, They also concluded tha£ little aluminium was retained by.
the tissue when the element was administered grally, *

Mackenzie (1931) fed rats on a diet containing 0.1 per cent of alu-
minium an? compare@ them with control animals fed a diet approximately free
from the element, Urinary excretion of aluminium was found to be negligi-
bly small, Almost all of the ingested element was recovered in the feces.
Analysis of brgans removed from rats from both groups revealed no evidence
of any retention 6f aluminium,

The evidence cited strongly suggests that any deleterious effect
which aluminium exerts ls most probably confined to the alimentary tract,
and its possible effect upon phosphorus absorption has received some study.
However, even in this connection the evidenoe is somewhat conflicting.
Thus, Mackenzie (1930) added aluminium to a swine ration in, such quantity

as to“be stoichiometrically equivalent to 90 per cent of the. phasphorus
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content of the ration. This diet was fed for a total of 571 days without
any effect on growth and metabolism. However, Cox et al., (1931) fed rations
containing soluble aluminium (1400 p.p.m. of Al) in excess of the total phos-
phorus content (1350 p.p.m. of P) to guinea pigs and found that the blood
phospharus was lowered by 15 per cent and the ash, ealcium and phosphorus
contents pf the skeleton were reduced to 70 per cent of normal in 12 weeks.
Similar rations fed to rabbits produced an even more rapid lowering of the
blood phosphorus level. The authors suggest that these effects were due to the
precipitation of phosphorus in the alimentary tract, as aluminium phosphate.

Depbald and Elyehjem (1935) showed very dramatically the effects of
feeding aluminium to day-old chicks. Sufficient of the element was added
to a basal ration to unite with the total phosphorus in the ration. By the
tenth day the chicks receiving the aluminium showed severe rickets, and all
were dead at the end of the third week. While the authors concluded that
riekets was caused by the precipitation of the phosphorus by the aluminium,
the blood serum phospporus data and the bone ash determinations can hardly
be considered to give any real clear-cut indication of this.

Similar production of marked rickets with low blood inorganie phos-
phorus in rats fed a stock ration with high levels of aluminium sulphate,
has been described by Jones (1938), while Street (1942) has presented fur-
ther evidence on the inhibiting effect of aluminium sulphate on the avail-
ability of phosphorus to the rat.

Little data are available to indicate what effects, if any, aluminium
may have upon calcium assimilation, Certain of the reports cited include
reference to the calcium status of both blood and bones, but, in general,

this appears to be regarded as representing merely a secondary effect from
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the disturbed phosphorus metabolism, __ o _
The passiblé interference by,aluminiuﬁ in calcium and phosphorus me-
tabolism has par;ieulﬁr interest in view of the use of this element as an
alleviator in fluoripﬁapqisoning in ruminants, Hobbs et al. (1954) have
used 0.5 per cent élﬁ@in4um*sulphate in the rations of ahimals subject to
fluorine levels kmown to be toxic. Other workers have confirmed the ef-
ficacy of such a treatment, It therefore becomes important to investigate
the possible effects of aluminium on other body processes, and in parti-
cular its possible inhibition of the absorption of other mimerals from the

alimentary tracgt.

The Effects of Zinc upon Calcium
-and Phosphorus Metabolism

The early stiidies of ‘Bertrand and Berzon (1922) indicated that the
element,‘zinc. plays an essential role in animal nutrition. This finding

has been confirmed'and greatly extended and, at the present time, zinc has

* been assigﬂqd specific roles in several enzyme systems, particularly as an

activator, Many of the biological properties of zinc have been reviewed by
Hegsted at gl. (1945),

Studies on the possible effects of excess amounts.of zinc in rations
are fewer in nuﬁher than those concerned with aluminigm.\ Hoh;ver. there
appears to be agreement that little zinc is absorbed from the intestinal
tract, Feaster et al, (1954) studied the absorption and tissue distribu—
tion of zinc in steers, using zinc-gs. It was found §hat when given orally,
70 per cent of the dose was excreted in the feces and only b 3 per cent dn

the urine., An intravenously administered .dose resulted in a 20 pér cent
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excretion in the feces and 0.25 per cent in tge urine,

Sheline et al. (1943), also using zinc-65, found similar results
for the dog and the mouse, 50 per cent of the intravenously administered
dose being excreted in the feces in 170 hours for the mouse, and 25 per cent
in twelve to fourteen days in the case of the dog.

Several investigations have linked thg effects of excessive zine
intake with reduced activity in qnzyme\systems. Van Reen (1953) found that
for rats receiv{ng'soé to 700 mg. of zinc per 100 grams of body weight, the
catalase and cytochrome oxidase aétivities were considerably reduced.

Therg are few reports presenting data an the possible effects of zinc
upon phosphorus and calcium metabolism. Sadasivan (1952) found that when
rats were given high levels of zine supplementation ther; resulted a de-
creased assimilation of phosphorus. The adverse effect of zinc did mot ap-
pear to be due entirely to tho,prooipitatiqn of phosphorus in the alimen-

| tary tract by the zine. Sadasivan noted that the intestinml phosphatase
\ vdecrealbd as a result of ihe zine treatment, while there was a coneomitqnt
inorease in liver and kidney phosphatase,
‘ !ygkor and Salgon (1955) reported evidence that zinc deficiency is
concerned in the skin disorder of swine, parakeratosis. These workers also
' found that the incidence of the disease increased wlien rations containing
{1,5 per cent of caleium carbonate were fed. Similar fipdings by Hoekstra
11”;1, (1956) have led to the suggestion tha; the two elements, calcium and

zinc, exhibit aqtqqpqism.



. EHAPTER I1I

EXPERIMENTAL PROCEDURES

General Plan of the Investigation

The investigation took thQ form of four conventional eqlcipm and
phosphorus balance trials d&ing wether lambs as the experimental animals.
In each trial, chemical and radiuchemical data were collected for three
éroups of animals maintained on a,control‘ration. the control ration:plus
added aluminium; and the.control ration.plus added zine, respectively. In
Trial I and II the levels of the added:elements were twice those in Trial
I;I and v,

General Experimental Procedure

Twelve selected wether lambs averaging 37 kilograms weight were
plaeed 1n dual-unit type metabolism stalls, desoribed by Hansard g;|;1
(1950) as being suitable for metabolism studles involving radioactive ma-
terials. These stalls had provision for the quantitative collection of
urine via a metal grid in the floor, under which a funnel conducted the
urine to glass storage 'jars. Feoes was colleeted in pape;-@ineq; removable
,aluminium boxes, held in position at floor level. This method of collect-
ing feces and urine necessitated having the animals stanchioned at all
times during the trial periods.

To aceustom the animals to this olose confinement as well as to the

‘experimentil rations, all twelve animals were fed the basal ration at the
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rate of 2 pounds per day fgr a period of fourteen days. The composition
of the ration, which was designed to supply maintenance levels of calcium
and phosphorus, is shown in Table I, However, on analysis, the ration
proved to contain 0,18 and 0,21 per cent of caleium and ph&sphorus respect-
ively. The cp;c{um content was therefore slightly loner!and the phosphorus
content slgghtly higher than those recommeaded by the NltiOl;l Research
Council (1949) for the maimtenamce of such lambs.

At the end of the two-week period, the animals had become conditioned
to both the metabolism stalls and the ration as evidenced by an improvement
in the physical state of the feces and by fairly umiform feed consumption,
When first given the ration in the stalls, certain animals had shown a
marked tendency to scour and to lose their appetite. At the end of this
conditioning period the lamhs were weighed, randomly divided into three
groups of four animals each and allocated to the three treatments for
Trial' I, namely, basal ration (Ration A), basal ration plus 1,0 per cent
aluminium sulphate (Ration B), and basal ration plus 1.0 per cent zinc sul-
phate (Ration C). Ration B supplied 1,575 p.p.m. aluminium (as Al) and
ration C, 2,280 p.p.m. zinc (as 2n), Detailed compositions of these rations
are presented in Table i.

The animals we}e maintained on these rations for a seven-day pre-
liminary period. Du;ing this time re-ocourence of scouring and loss 6f ap-
petite were notlced. particularly in the group receiving the added zinc.

By the end of the preliminary period, however, all animals were again ac-
customed to their respective rétions. although the zine group still showed
a tendency to refuse 5 small portion of their feed on a few occasions.

At the conclusion of this preliminary period the seven-day Palpnee
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TABLE 1

COMPOSITION OF RATIONS

; == Pasal ﬁfgﬁ'ifnmfnfum ﬁigﬁ Zinc
Ration(A Ration(B‘ Ration(C

Trialsll and 11

Concentrate Mixture® 200 1b, 196 1b, 196 1b,

Aluminium Sulphate

» -as Alo(S04)3 - 4 1b, -

Zinc Sulp ate

© -as ZnS04.THo0 - = 4-1b,
200 1b. 200_1b. 200 1b.

Iriglg 111 and IV

Concentrate Mixture® 200 1b, 198 1b, 198 1b,
Aluminium Sulphate -
-as Al SO4 3 .- 2 1b, -
Zinc Sulpﬁa -
=88 ZnSO4. 7“20 —_— —— 2-1b,
200 1b, 200 1b, 200_1b,

8 The concentrate mixture was. composed of:

Cottonseed Hulls . ' 200 1b,
Corn Meal 296 1b.
Soybean ‘011 Meal 60 1b,
Alfalfa Meal’ 40 1b,
Iodized Salt : 4 b,

600 1b,
Vit A and D Supplement + 50 grams

(containing 20,000 I1.U,
Vit A and 2,500 U.S, P,
Vit D2 per gram) ‘
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trial was commenced. Each animal received 1.0 pound of its’respective feed
at 8:00 a.m. and 3:00 p.m. each day. Any food residues were weighed daily
prio£ to the 8:00 a.m. feed. An adequate supply of water was offered twice
during the course of the day. Detailed records of feed intakes, food resi-
dues and fecal and urinary outputs were maintained. Feces and urine col-
lections were made at approximamely'10:30 a.m, each day, the exact time made
to correspond with the initial time 0of dosing with caiciuw-ds and phosphor-
us-32,

Administration of Radioactive Calcium and Phosphorus

‘The administration of the calcium-45 and phosphorus-32 was made on
the first day of the balance trial period and marked its commencement, Two
of the four animals in each experimental group were given 500 microcuries
of calcium-45 and a similar amount of phosphorus-32 administered intra-
venously into the jugular vein. The remaining six animals received the '
same quantities of the two isotopes administered orally by means of a stomach
tube. The techniques used in dosing the animals were those described in de-
tail by Hansard et al. (1951a). Aliquots of the calcium-45 and phosphorus-
32 dosing solutions were transferred into 50 ml. graduated flasks using the
same hypodermic syringes employed in measuring the doses. These solutions,
after suitable dilution, were used as counting standards in all subsequent

radioactivity measurements.

Thg Collgction and Treatment of Samples

Feces samples, after weighing, were well mixed and portions of ap-
proximately 100 grams in weight were stored in screw-topped jars in a re-

frigerator pending the conclusion of 'the trial period. The urine samples
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were similarly treated.

Duplicate samples of the three experimental diets were made at every
feeding and these were bulked to give composite samples for the trial per-
iod. There was little evidence of settling out amongst the feed components
and only slight preferential selection by those arimals leaving food resi-

dues.,

4
\

Blood samples were taken from all animals on the first day at ap-
proximately forty minutes after dosing intravenously and about three hours
after dosing orally. Only three of the intravenously - and three of the
orally - dosed animals were sampled on each of the three successive days
of the trial. These latter blood samples were drawn primarily to provide
information on the disappearance of the two administered nuclides from the
blood and these data did not justify disturbing the animals unnecessarily
by too-frequent bleedings. However, blood samples were taken from all ani-
mals on the last three days of the seven day balance period to provide
blood equilibrium data for use in calculating the endogenous fecal loss of
calcium and phosphorus by the isotope dilution procedure.

At all blood samplings gpproximately 15 ml, of blood from the jugu-
lar vein were collected in heparinised graduated centrifuge tubes. After
centrifuging the samples for thirty minutes at a speed of 1500 revolutions
per minute, the cell-plasma volume (hematocrit) was measured. The sepa-
rated plasma was stored in a refrigerator pending the end of the trial

periOdo

Experimental Procedures for Trial II, III and IV
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At the conclugion of the balance period 9f Trial I the twelve sheep
were reﬁpvéd from the methholisq stalls and during a resting period of ten
days, all animals were maintained on the conirql ration,

Trial II was then commenced and followed an identical pattern to
that of T?ial I with the single éxdeption that 1000 microcuries of each of
calcium-45 and phosphorus-32 were administered. These higher levels of the
1§otopes increased the aqéuracy and ease of counting, The animals were re-
randomised prior to the second trial. |

Trials I1I and IV weré carried out. in a like manner to Trial II dif-
fering only in the amouﬁts of zinc aqq aluminium being fed. The levels of
these elements in.the rations were reduced to 0.5 per cent as ;ompared with
1.0 per cent in the first two trials. 2his reduction was made for two rea-
sons; firstly, it was ant%cipateg that more uniform feed consumption would
result. particularly in those animals receiving zi#e and secondly, by feed-
ing these elements at two levels of intake 1t was hoped that a clearer pic-
ture of the metabolic effects upon calcium and phosphorus behavior would be
obtained.

A pgriod of inclement weathér marked the duration of Trials II and
111, ‘;ow éemgeratures. suffioieﬁt to'cause freezing of the urine.and feces,
gave rise to some speculation as to the normaley of physiological processes
in the ani@ala. Certainly, the animals suffered some discomfort and all
exhihitgq Edgns of having colds in varying degrees ﬁf severity.

Chemical and Radioghemical Analysis

4
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kggffgum-4 » In view of the low energy of the beta emissions from
calcium-45 and the resulting high self-absorption, factors were necessary
to c&?rect for this loss, .All measurements of calcium-45 were made against
standards prepared from aliquots of the original dosin? solutions evapor-
ated to dryness in stainless steel cups, ¢$ych standards were assumed to
have no masq.\while the mass weights of the calcium oxalate from the samples
provided the basis for the self-absorption corrections céiculated’by the

method of Comar et al, (1951),

Blood glggmg\cg;gium, Whole blood was centrifuged for 30 minutes at

i

1500 revolutions per minwtt e, and after the hematoerit reading was taken,

the plasma was separated, A 3 ml, aliquot of the plasma was transferred to
a 40 ml. centrifuge tube ahd the calcium determined by the method of Clark
and Collip (1925).. After titration with potassium permanganate, '8 mg. of
carrier calcium and 3 ml, of saturated ammonium o;alatd\solutlon were ‘added
to each sample, and the PH adjusted to 6.0 using S0 per cent ammo;lum Hy-
droxide ayd acetic acid., The samples were allowed to stand overnight and
‘were then centrifuged, washed and collected in a plastic tube and metal

cup assembly as dgscrlbgd by Comar et al, (1951). The samples, afqe} drying,
werw: then ?ounted for caleium-45 activity,

E;mlj_gnlglum; Duplicate samples of approximately 25 g, of fresh
feces were driid at 100° Gﬁ'hnd ashed in a furnace at 600° C. until a white
- ash was obtained. The ldtter was dissolved in 6N hydrochloric acid and
made to a volume of 25 ml, rAgter thorough mixing, the insoluble residue
was allowed to settle and dﬁpllcate 3 ml, aliquots of the supernate were
drawn for analysis. The caleium was precipitated in tared stainless steel

cups as described for blood Plasma caleium, The total caleium and the self-
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absorption factor were calculated from the weight of the calcium oxalate
in the dry cups.

Urinary calcium, Duplicate samples of 20 ml. of urine were evap-
orated to dryness and ashed at 600° C, The ash was dissolved in 6N hydro-
chloric acid and diluted to 25 ml, Duplicate 10 ml, Qamples were taken and
the calcium and calcium-45 determined exactly as for blood plasma calcium,

Feed calecium, Quadruplicate samples of approximately 15 g. in weight
were ashed, dissolved in 6N hydrochloric acid and diluted to 25 ml. Dupli-

cate 0.5 ml. aliquots were used to determine the calcium as described for

blood plasma calcium,

Methods for Analysis of Phosphorus

Phosphorus-32. In contrast to the low energy of the calcium-45 beta
(0.26 Mev) that from phosphorus-32 has a high energy emission (1,71 Mev).
This difference in energy provides a convenient basis for measuring the
activity of the phosphorus-32 in the presence of calcium-45, Comar et al.
(1951) showed that an aluminium absorber having a surface dénsity of 55 mg.
per square centimetre would absorb all the beta particles from the cal-
cium-45 but would reduce the phosphorus-32 contribution by a factor of only
1.5. All samples and standards were therefore counted for phosphorus-32
activity through such an absorber. Samples and standards were counted as
solutions, the necessity of corrscting for self-absorption being eliminated
by using a volume of standard equal to that of the samples,

Blood plasma_phosphorus, One ml. of plasma was added to 4 ml, of
S per cent trichloracetic acid in a small centrifuge tube and thoroughly

mixed. The solution was gentrifuged and a 2 ml. aliquot of the supernate
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was analysed for total inorganiec phosphorus by the method of Fiske and
Subbarow (1925).. |

Radioassay of phosphorus-32 in the plasma was conducted by counting
a 3 to 5 ml. aliquot of the plasma contained in a small petri dish.

Fecal phosghorus.' Duplicate 0.01 ml. aliquots of the same hydro-
chloric acid extract prepared for calcium analysis, were analysed for phos-
phorus by the method of Fiske and Subbarow (1925). \

Radioassay of phosphorus-32 in the feces was performed on 10 ml, of
the ash solution as described for plasma,

Urinary phosphorus. Phosphorus was determined on duplicate 0.2 mi.
aliquots from the urine ash solution as prepared for calcium analysis by
the procedure used for fecal phosphorus.

Radioassay of phosphorus-32 in the urine was made directly on du-
plicate 10 ml. aliquots of the fresh urine.

\

Methods for Calculation of Data

l1sotope Dilution Procedure

Endogenous fecal’gposphorus or calcium (E) in grams was determined
from the mean specific aétivitigs for the feces (SAf) and plasma (SAp) on
the last t&o days of the seven day balance trial:

E Ebgﬁgxghdai;ylfécal excretion

3

nce Procedure’
The seven day isdtope excretion data from animals receiving d single
oral dose and that from'gimilar animals receiving a sinqlp intravenous dose

of ‘the caleium-45 and- the phosphorys-32 permitted calculation of the per-

,
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centage of dietary element which was absorbed (A) as follows:

A = (100 - % feeal isoto e from oral dose) X 100
100 - % fecal isotope from intravenous dose

The fecal endogenous loss was then expressed as a percentage (Py) of
the food intake according to Hansard (1956) :

Pe = 4 - (100 - % total feeal element)

E - P. X Qaily ig;ake of ‘element

The Calculation of Trug Digestibilitx

The two independent estimates of the enaogenous fecal calcium or

phosphorus obtained by the isotope dilution and the comparative balance pro-

cedures were used to correct the apparent digestibility data obtained from

the bbnventional seven day balance trial as follows:

Percentage true digestibility =
= 100 - (daily output of element (grams) - E) X 100
""" 7 daily intake of element (grams)

rIt may be noted, however, that the percentage true digestibility of

the dietary element may be obtained directly from the first calculation in

the comparative procedure, it being idemgical with the xet absorptiom. (A), and

therefore tndepeadent of the isotope dilution prineiple,



CHAPTER 1

RESULTS AND DISCUSSION

The Effects of Aluminium and Zinc upon
Calecium Absorption and Retention

_ A summarized statement of results for calcium absorption and excre-
tion is presented in Tablesﬂl; and 11I. The chemical balance data showed
a marked decrease in the net retention of calcium by animals receiving
zinc as compared with the control animals. This lowered net retention of
calcium was highly significant (P=0.01) at both levels of zinc intake,

The effects of aluminium were less clearly defined, At the higher level
of intake (Trials I and II) aluminium caused no signigicant difference in
the net retention of calcium, At the lower level (wvialsllilaand IV) how-
ever, there was a significant (P=0,05) decrease in oalcium retention. In-
consistencies in the net retention dats for the control animals, however,
precluded any definite conclusion being reached as to the effects of level
of administration of zinc and aluminium upon the net retention of ealeium,
The apparent digestibilities of the ocalcium in the ration under ‘the
three treatments were consistent with the net retention data, The ma&ke&
decrease in the apparent digestibility of thé(ealciuﬁ,!h the 'high zine
ration was highly significant (P-\0.0l} at both levels of zine adﬁiniltra-
tion, The decrease occasioned by the aluminium treatment however falled
to be significant., To some extent éhe depression in the apparent digesti-
bility of the caleium, ecaused by the zine, was a reflection of lowered cal-

clum intakes on this treatment during the last few days of the balance trial
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TABLE 11

THE EFFECTS OF ALUMINIUM AND ZINC UPON CALCIUM ABSORPTION
AND EXCRETION (MEAN DATA FOR TRIALS I AND II) '

Basal Aluminium Zine

Ration Ration® Ration®
Number of animals 8 6 8
Number of trials 2 2 2
Mean weight of animals (kg.) 35.6 33.4 33.7
Chemical balance data (g. dally): .
Intake of caleium 1,56 1.50 1.14
Output -.fecal caleium 2.09 1,87 2,72
- urinary caleium 0,09 ‘0,27 Q;QBd
Net retention of ealcium " «0,63. - -0,68 '=1.66
Radiochemical data:
‘Percent Ca-45 in feces; '
‘Intravenously administered 28,3 . 30,2 , 38,3
Orally administered 77.0 63.0 82,9
Fecal endogenous loss®: L
Isotope dilution technique 3B.4 . 3142 4.1
Comparative balance technique 27, 4 24,2 57.7
Blood plasma calcium (mg./g.) 0.1;0 0.111 0.107
Apparent digestibility (%) =33.8 -24.5° —140.9d
True digestibility (¥%):’
1sotope dilution technique 52.7 54,1 17.6
Comparative balanée technique ° 31.2 2.7 24.8

m
% The aluminium ration contaiped 1,575 p.p.m, of aluminium (A1)

b.The zine ration contained 2,280 p.p.m. of zine (Zn)

© Expressed as milligrams per kilogram of hody weight per day

d peo0.01
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TABLE III

THE EFFECTS OF ALUMINIUM AND ZINC UPON CALCIUM ABSORPTION
AND EXCRETION (MEAN DATA FOR TRIALS III AND 1v) ‘

\N_-‘_——J——““m_’—_

Basal '’ Aluminium Zinc
Ration Ration® Ration?
Number of animals 8 8 8
Number of trials 2 2 2
Mean weight of animals (kg.) 39.4 39.5 40,7
Chemical balance data (g. daily): , | :
' Intake of calcium 1,57 1.58 1.30
Output - fecal calcium 1,67 1.89 2,29
- urinary caleium 0.03 0,10 0.12
Net retention of calecium ‘ -0.13 -0,45¢ -0,90d
Radiochemical data:
Percent Ca-45 in feces;
Intravenously administered 27.8 4.7 29.4
Orally administered 65.4 70.3 77.6
Feéll'endqgenous l085%; .
Isotope dilution technique 27.3 28,6 30.8
Comparative balance technique 19,2 29.6 36.9
Blood -plasma caleium (mg,/g.) 0.100 0,098 0.095.-
Apparent digestibility (%) -6.4 -23.4 -51.04
True digestibility (%):
Isotope dilution technique 51,2 50,3 35,7
Comparative balance technique 48.5 46.2 34.6

® The aluminium ration contained 785 p.p.m. of aluminium (A1)
blThe zinc ration contained 1,140 p.p.m. of zinc (Zn)

¢ Expressed as milligrams per kilogram of body weight per day
dpeo,01 \

f P<¢ 0,05



period. However, this by no means accounted for the total effect, for

it may be noted that the total excretions of fecal calcium, irrespective
of the intakes, were markedly higher ‘when zinc was present in the ration,

No significant differences were found in the total plasma calcium
levels of animélg‘receiving any of the three raiions, although a significant
(P = 0.05) difference was obtained for blood calcium values in Trials I and
11 as compared with Trials III and 1IV.

The levels of calcium-45 in the blood of intravenously and orally
dosed animals during the trial period are shown in Figure I, These data
were calculated from the blood calcium-45 concentrations and the total blood
volume, as described by Hansard et al. (1953).

The disappearance of intravenously administered calcium-45 from the
blood follows a characteristic curve, and was similar to those for cattle
presented by HanSard,gg,glﬂ (1954), The rapid initial fall corresponded
to the period of transfer of the blood caleium-45 to the bones.and soft.
tissues, Within about 24 hours this transfer was complete and equilibrium
established between the blood, bone and gastroﬁgniestinal calcium, Ap-
proximately 100 hours after administration of the dose, the rate of dis-
appearance was sufficiently constant to allow the blood specific activity
data and the corresponding data for the feces for this period, to be used
in calculating the endogenous fecal caleium exeretion. A high degree of
reproducibility marked the blood calcium-45 disappearance data for all in-
travenously dosed animals, irrespective of treatment. No disturbance of
the blood: bone: tissue, equilibrium could therefore be attributed to the
zinc and aluminium treatments. -

The appearance and subsequent disappearance curves for calcium-45
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in the blood of orally dosed animals is also shown in Figure 1, Similar
data has been presented for cattle by Hansard et al.€1954). In general,
these curves show greater variability than those f&r the intravenously
dosed animals. This is understandable in view of the complicating factor
of gastro-intestinal transfer of calcium-45 to the blood with the concomi-
tant transfer of the element to the bones and tissue. After approximately
100 hours, however, an equilibrium level was established almost identical
with that for the intravenously dosed animals. By inspection,. the present
data suggested a lowered initial absorptiom of calcium-45 in those animals
receiving zinc in their feed as compared with those on the basal diet.

Less difference was observed in the cirves for the aluminium-fed animals,
however initial absorption was less than that of the basal group and dis-
appearance from the blood was more rapid. After approximately 100 hours,
no treatment differences could be detected in the final equilibrium level,
Figure 2 shows, graphically, the cumulative levels of fecal calcium-
45 throughout the trial period for both orally and intravenously dosed ani-
mals. That for the orally treated animals primarily relates the cumula-
tive excretion of non-absorbed calcium with time. The steep initial slope
represents mainly unabsorbed calciim and after 70 hours the loss is largely
endogenous calcium, From this graph it may be seen that some 65 per cent
of the orally administered calcium-45 appeared in the feces during the first
72 hours with a total of 75 per cent being excreted after 7 days. This to-
tal cumulative percentage is compounded of the non-abpsorbed calcium-45 a-
long with a smaller amount which may have been absorbed and re-excreted via
the intestinal tract, Insignificant amounts were found to be excreted in

the urine. The resiillts suggest a reduced absorption’ of calcium-45 in those
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animals which received dietary zinc as compared to those on the cantrol
ration. The aluyminium-fed animals also showed similar reduced absorption
of calcium-45 but the change in slope towards the end of the absorption
phase suggests also/a slight reduction in re-excreted isotope.

Values for fecal levels of calcium~-45 as a function of time after
intravenous administration, are also presented in Figure 2, While the re-
sults suggested slight increases in the excretion of injected calcium-43
in the animals receiving zinc and aluminium as compared with the controls,
it is doubtful whether much significance ghould be attached to this result,
due to variation between individual animals.

The calculated radiochemical data, summarized in Tables II and/III.
show that the cumulative percentage of intrévenously administered calcium-45
excreted in the feces averaged about 28 per dent for all animals, and ‘about

32 per cent when calculated only for those receiving aluminium. This latter

difference was not significant. At the higher level of zinc administration
a significantly (P=0,05) greater amount of the calcium-45 appeared in the
feces, namely 38.3 per cent, Of the orally dosed calbiﬁm-45. most of the
animals receiving zinc or aluminium excreted more of the isotope im the
feces than did the controls,

By combining the chemical and radiochemical data, fecal endogenous

calcium excretion was calculated using the compayative balance procedure

of Hansard et al. (1953), and by the isotope dilution method described by
Hansard et al. (1957)y~ Fecél endogenous calcitlxm‘datao expressed as milli-
grams per kilogram of body weight per day, are shown in TableuII and {II.
No significant differences were found in the endogenous fecal calcium ex-

cretions attributable to the zinc or aluminium, although there were
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indications that aluminfum had caused some reduction in the calcium loss
from body stores. Neither was any siénificant difference noted bqgweepiph%
results calculated by the two procedures. These fihdings juxgﬁfié&'thg
}calculgtjon of a total mean qglgglfor endogenous excretion, This was .
fogpd to be 36 mﬁ;ligraps per kilogram of body weight per da&. a level in
general agreement with Qﬁat found for similar lambs by:§gprpdprh§;951),
namely, 42.5 milligrams per kilogram of bogﬁ wgight per aay. While vari-
.ations between individual animals precluded any significant differences
being obtained between treatments, it would appear that the zine-fed ani-
mals lost slightly more calcium from body sources than did the control ani-
mals.,

The fecal endogenous‘calcium data for individual animals by the ap-
propriate method of calculation, were used to calculate the true digesti-
bilities of the dietary calcium, and the results are shown in Tables 11 and
III. Despite the consistently lower true digestibilities ohgainéd. using
the comparagiqe,bqlance procedure, differences between the two methods did
not attain significance. While the corrections for endogenous fecal caleium
losses materialiy\altered the absolute values of the apparent and true di-
gestibilities, it-did-little o change the ‘relative effects of the treat-
ments., The feeding of aluminium did not appear to affect the true digest-
ibiiity of the Hietary calcium, however.fzinc caused a highly significant
(P = 0,01) depression, THis &ecreasé in the true digegtibility of the diet-
ary calcium was’significantlj P = Oﬂpﬁzigreater at ihe higher levels of
the zine admiﬁistration. ingieéiing a possible iccumulative effect,

#Agthough\the influence of zinc upoﬁ.the true digesﬁibility of the

dietary calcium was most ﬁarked, the mechanism.of>thi$ effect was less obvious.

J

! ‘ .
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The minor differences in endogenous fecal losses did not’ suggest that zinec
caused any great .change in the rate of loss of calcium from body stores.
It ‘mist therefore bé>assumed that the effects.of zinc were largely confined
to the digestive tract, Feaster et al. (1954)kpresented data #hich indi-
jcated that most of an orally administered dose of zinc-65 was excreted in
the feces, with relatively little being absorbed, It is therefore suggested
that the feeding of zinc in the present study prevented or interfered with
normal absorption of calcium, é;ther by blocking the absorptive mechanism,
or by direct antagonis@ between the two elements., Hoekstra,gg(él. (1956,
and others, have'shown that diets high in calcium prevented the absorption
of z%nc by swine which resulted in a higher ingidence of parakeratosis.
This finding, together with the present data, suggest that the two elements
may, in fact, exhibit some degree of antagonism,

The depression in the absorption of calcium caused by zinc was re-
flected in the blood ecalcium-45 appearance curve (Figure 1) for orally ad-
ministered isotope, however insufficient blood data during the critical '

first and second day period preciude any direct confirmation.

The Effects of Aluminium and Zinc upon

Phosphorus Absorption and Retention

Data for phosphorus absdrption and excretion in sheep, as influenced
by the feeding of aluminium and zinc, are summari?ed in Tables IV and v.
The results of the chemical balance showed a marked lowering of the net
retention of phosphorus by animals receiving zine. This resuit was highly

significant (P = 0.01) at both the low and high levels of dietary zinc
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TABLE IV

1

THE EFFECTS OF ALUMINIUM AND ZINC UPON PHOSPHORUS ABSORPTION
AND EXCRETION (MEAN DATA FOR TRIALS I AND 11)

[

ﬁasal Aluminium Zine

) Ration Ration? Rat ionD
] i , :[ ‘ -

" Number of animals 8 8 "8
Number of’trials 2 2 2
Mean weight of animals (kg.) 35.6 33.4 33.7
Chemical balance data (g. daily):

Intake of phosphorus ’ 2,01 1,95 1.49
Output - fecal phosphorus 2.06 2.07 1.92
- urinary phosphorus 0.05 0.04 0.07
Net retention of phosphorus -0.10 -0.17 -0.50
Radiochemical data:
 Percent P-32 in feces;
- Intravenously administered 28,5 27.0 24,2
Orally administered 39.5 4.7 39.5
Fecal endogenous loss®:

Isotope dilution technique 39.3 31.3 27.5
Comparative balance technique 50.3 23.3 50.7
Blood plasma phosphorus (mg./g.) 0.088 0.081 0.092
Apparent digestibility (%) -3.03 -7.21 -35.54
True digestibility (%): ) d
Isotope dilution technique 72.3 52.2 44.9
Comparative balance technique 86.3 76.5 80.1

8 The aluminium ration contéined 1,575 p.p.m. of aluminium (A})
D The zine ration contained 2,280 p,p.m, of zinc (Zn)

C Expressed as milligrams per kilogram of bo&y weight per day
d peo,01
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TABLE V

THE EFFECTS 0? ALUMINIUM AND ZINC UPON PHOSPHORLS ABSORPTION
: AND EXCRETION (MEAN DATA FOR TRIALS III AND Iv). -

+ :“: =~= ==m- T - -
o \ v . . \ Py R \

Basal Aluminium _Zf;c
Ration Rationd RationP
Number of animals 8 8 8
Number of trials ) 2 2 2
Mean weight of animals (kg.) 39.4 39.5 20.7
Chemical balance data (g, daily): ,
Intake of phosphorus 1.76 1,72 1.69
Output - fecal phosphorus 1.64 1.80 2.09
- urinary phosphorus 0.04 0.03 0.05
Net retention of phosphorus +0.08 -0.11 ~0,444
Radiochemical data:
Percent P-32 in feces;
Intravenously administered 26.1 28.7 3.3
Orally administered 31.8 37.2 39.0
Fecal endogenous loss®:

Isotope dilution technique 23.2 28,3 26.3
Comparative balance technique 35.3 38.2 45.7
Blood plasma phosphorus (mg./g.) 0.076 0.076 0.071
Apparent digestibility (%) +6.47 -6.78 -24,8d

True digestibility (%):
Isotope dilution technique 53.6 53.9 37.0
Comparative balance technique 91.7 87.5 89.7

T e e e e e P e et "
] 4 N e 3 RS Lt b
~

2 The aluminium ration contained 785 p.p.m, of alum;nium (A1)
b The zine ration contained 1,140 p.p.m. of zine (Zn)

¢ Exprossed as milligrams per kilogram of body weight per day
d pe 0.0
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intake when these were compared with their respective controﬁs. The net
retentions as between the two levels, however, showed no significant dif-
ference. No significant differences were obtained in the urinary excretion
of phosphorus by any of the animals.

The apparent digestibilities of phosphorus in the diffetent rations
were consistent with the net absorption data. The marked decrease in the
apparent digestibility caused by feeding zinc is highly significant (P = 0,01)
at both levels of administration,

Figure 3 shows the blood phosphorus-32 levels in both intravenously
and orally dosed 'animals during the trial period. The disappearance of in-
travenously administered phosphorus-32 from the blood followed the same
characteristic curve as that of calcium-45. The phosphorus nuclide appear ed
to be removed from the blood at a slightly less rapid rate than was tﬁe cal-
cium-45, an observation supported by the findings of Schroder (1957) for
similar lambs.

The appearance and simultaneous disappearance rates of phosphorus-32
in the blood of orally dosed animals are also shown in Figure 8. The curve
has a similar form to that for calcium. Relatively little significanqe may.
be attached to differences in phosphorus-32 uptake between the animals on
the three treatments, The data for blood, sampled appquimately 3 hours
after dosing, would suggest, however, that slightly increased absorption of
phosphorus-32 occured in thpse animals receiving zinc, and decreased absorp-
tion in those fed aluminium, as compared with controls. Within 24 hours
after dosing the average disappearance rates of the phosgﬁorus-32 were the
same for all amimals.

Figure 4 shows,vgraphicaliy,"thg"phosphorus-32 contents of thg feces
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of orally dosed and intravenmously dosed animals. By inspectkoh. it may be
seen that only 'some 40 per cent of the orally administered phosphorus-32
appeared in the feces. The first 60 hours on this curve primarily repre-
sents the non-absorbed phosphorus-32; after this time it mainly rqglects H
that absorbed and then re-excreted into the gastrointestinal tract as en-
dogenous excretion. These data would suggest a slightly greater excretion
by those animals receiving zine and aluminum than the controls. The in-
travenously injecfed phosphorus-32 appeared in the feces of the zinc -
and aluminium-fed animals in slightly less quantities than it did in the
control animals. These differernces were, however, small gnd of little sig-
nificance, except in that they reflect and substantiate the balance data,

The calculated radiochemical data siummarized in Tables IV and V show
that the mean cumulative percentage of the intravenously dosed phosphorus-32,
recovered in the feces, was 27.6 per cent with no significant differences
as between treatments or levels of feeding. Of the orally administered
dose, the animals receiving the lower levels of zinc and aluminium appeared
to excrete slightly more phosphorus-32 in the feces than did the control
animals. However, at the higher zin¢ and aluminium intakes, only the alu-
minium-fed ;nimals“showed any increased excretion. None of these differences
were significant however.

A discrepancy was noted hgtween the reéults’tor the fecal endogenous
phosphﬁrus excretions, calculated by the comparative balance tephnique and
by the isotope dilution pr&oedure. In all cases the fecal endogenous phos-
phorus values (expressed as milligrams per kilogram of body weight per day)
were greater when calculated using the former procedure, $hese\difference;

between the two procedures were highly significant (P = 0.01) while dif-
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ferences occasioned by the varying treatments were not.
The difference in method of estimation of the fecal endogenous

phosphorus becomes even more marked when these data were used to correct

|

|
the apparent digestibilities of the dietary phosphorus. The comparative
salance procedire, j for example, gave a mean true digestibility of the phos-
phorus in the ration of approximately 86 per cent, with no significap&)dif-
ferences as between treatments. Hhereas. the same data calenlated by the
isotope dilution method were- lowerg and with the exception of the true di-
gestibility of the phogphqrus for the basal ra&iqn in Tria;srl and II, aver-
aged about 50 per cent, Further, the isotope dilution procedure showed a
significant difference (P = 0.01) between the phosphorus digestibilities of
the control ration and that of ;he zinc - containing diets; those for zine
being iower.

The fairly serious lack of agreement between the two techniques, as
applied to the phosphorus-32 uptake and exeretion data in the Qresent study,
warrants further discussion, particularly in view of the findings of pre-
vious workers showing satisfactory agreement between the two procedures.
(Comar gt al. 1953, and Schroder, 1957). This is made even more necessary
b& the fact that in the present study fairly close agreement was obtained
for the calcium data calculated by the two procedures.

The chemical phosphorus balances show very clearly that dietary zinc
had decreased the net: retention of phosphorus and, as no significant dif-
ferences were found between the endogenous fecal phqsphorus excretions, it
is reasonable to expect that the lowered net retentians caused by zine would
be reflected in the true digestibilitfes. This, the comparative balance

data did not show and added support to the contention that the isotppe
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dilution procedure was giving the better estimate of the true digéstibility.
In a comparative study of the two procedures for estimating the endo-
genous fecal calcium, tﬁe‘authoré\fComar.gg‘g;. 1953), state that the primary
assumption in the comparative balance method is that the labelled calcium,
given as soluble calcium chloride, and all the dietary caleium.are absorbed
to an equal degree. An alternative assumption, nécessary before this method
can give an estimate of the true digestibility of a dietary element, might
be that the orally administered radioactive element and the stable form in
the feed must reach complete equilibrium before independent absorption of
the active element takes place, If this assumption is not valid, then puch
of the data will apply to the absorption of the particular form of the active
element administered only, and not to the dietary form. The ease with which
such an equilibrium may be attained will mainly depend upon physical con-
ditions in the digestive tract and also upon the ease‘of exchange with the
stable dietary element. In the latter connection it may be expected that
any element may be present ﬁn any or all of three forms, namely, ionie, ex~
changeable and non-exchangeable, There is little reason to suppose that.
cations such as calcium are present in ffeds as non-exchangeable forms, in-
deed it is highly probable that they exist larﬁely in the ionic and exchange-
able forms, thereby facilitating the establishment of equilibrium conditions
with the administered calcium-45. However, in view of the many phosphorus-
containing organic compounds present in biological materials it seems likely
that some, at leat, of the dietary phosphorus exists in forms not readily
exchangeable with the administered phosphorus-32, If this were the case in
the present study, then the values obtained for ‘the true digestibility of

phosphorus calculated by the comparative balance procedure appertained only
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to the true digestibility of the exchangeable fraction of the dietary phos-
phorus and not to the dietaFy phosphorus as a whole. While this is a poss-
ible explanation of the consistently higher truye digestibility data obtained
using the comparative balance method, it offers little solution as to why
this method fails to show any lowered digestibility of the phosphorus caused
by feeding high levels of zinc. ﬁo obvious explanation is available from
results of the present study and it can only be suggested that the mechanism
by which the phosphorus was made less available to the animal extended also
to rendering it less exchangeable with the administered phosphorus-32, - This
would result in true digestibility data which mainly referred to the avail-
ability of the administered phosphorus-32, which was in an ionic form, and
not of the dietary phosphorus,

In the present investigation it was found that the feeding of 0,5 or
1.0 per cent of aluminium sulphate in the ratioﬁ;djd not have any significant
effect upon the true digestibility of the dietary calcium and caused only
a slight decrease in that of the q1étary phosphorus, These findings, par-
ticularly that relating to phosphorus, were surprising and at variance with
a considerable body of evidence cited earlier. Cox et al (1931) obtained
a 15,0 per cent reduction in blood phosphorus in gu:nea pigs fed a ration
containing 1,350 p.p.m. of soluble aluminium, The c¢aleium and phosphorus
in the bones of these animals wexé reduced to 70 per cent of normal in
twelve weeks, In the presept'study no siﬁnificant lowering of the blood
phosphorus levels was noted which could be attributed to the feeding of al-
uminium. No satisfactory explanation of the g&qqrepanqy can be offered on
the basis of the present data. {prevef, it is of interest to note that all

reported work showing a lowering of phosphorus availability by aluminum has

\
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been conducted on non-ruminant animals, little is available reporting sim-
ilar results for the ruminant, Struthers and Sieling (1950) have discussed
the effects of organic anions,upon. phosphate.pretipitation. In the absence
of such anions, aluminium phosphété is precipitated over the range pH
4.0-9.0, LHowever, when such anions, particularly acids such as citric, are
present the aluminium was complexed and was not precipiéated as the phos-
phate at the above pH range. Small additions of citrate to already preeip-
itated aluminium phosphate released 90 per cent of the °una§ailab1e' phos-
phorus. In view of the considerable quantities of sueh organic acids pre-
sent in the rumen it may not be unreasonmable to suggest that the same con-
ditions for precipitation of phosphorus may not exist in the rumimant as

they appear to do in the non-ruminant,




_ CHAPTER V
SUMMARY

The investigation was undertaken to study the effects of two levels
of orally administered aluminium and zine upon calcium and phégphorus re-
tention in lambs. Twelve wether lambs were used in a series of four trials,
in each of which, a phsal ration, tpe basal rQ%ion plus added aluminium and
the basal ration plq; added zinc were fed. Iq'Trials I and IXI the animals
were given a ration containing 1.0 per cent of aluminium and zine sulphates
and in III and IV, Q.5 per cent.

Chemical and radio-chemical balance data for calcium and phosphorus,
and calcium-45 and phosphorus-32 were collected, along with blood data for
both the stable and radioactive nuclides. Calculations were made of the
net retentions, the apparent digestibilities, the endogenous fecal excre-
tions, and the true digestibilities of the dietary calcium and phosphorus.

In general, few significant differences were obtained between the
two levels of administration of the zinc and aluminium with respect to their
effects upon net retention, or upon the apparent and true digestibilities
of calcium and phosphorus.

Very marked decreases in the net retention, the apparent and the
true digestibilities of the calcium were found when zinc was fed but not
when aluminium was administered. The endogenous fecal excretions on the
three treatments showed no significant ﬂifferences. This fact led to the
conclusion that the effect of the zinc was largely confined to the ali-
mentary tract and was a direct e¢ffeet upon the absorptiom of calcium. No

significant effects of aluminium upon the net retentiom, the appareat or
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the true digestibilities of the caleium were found.

Zimc also seriously affected the retentiom of phosphorus, while the
aluminium showed only a slight effect. Although the latter result was pro-
bably due to the:precipitation of phosphorus as aluminium phosphate, the
magnitude of the effect was very much smaller than that found in similar
investigations by previous workers using non-ruminant animals. The lack
of significance between the fecal endogenous phosphorus excretions by all
animals on the three treatments again sugqested that the slight depression
in phosphorus retention attributable to aluminium and the much larger one
due to the zinc were mainly the result of interflerence in the absorption
processes in the alimentary tract,

Discrepancies were noted in the endogenous fecal bhosbhorus excre-
tions as calculated by the isotope dilut50n techniquelas compared with those
from the comparative balance method, and possible éxplanations of these dis-

crepancies have been discﬂgsed.
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