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CHAPTER I
INTRODUCTION

While the physiological importance of aou of the mineral elements
contained in the body was recognized as early as one hundred years ago,
our specific knowledge of their mutritional significance is due primarily
to research carried out during the lagt thirty years. Further, it has
come to be realized that interrelationships among certain minerals in the
diet, as well as the actual amounts, govern both their usefulness and also
their harmful effects.

In practical nmutrition of farm animals apperently the only minerals
that are ever deficient as listed by Dukes (1955) are sodium, chlorinc,
phosphorus, calcium, iodine, iron, copper, cobalt and manganese, with iron
being a practical problem only during the suckling stage in pigs.

Of these, calcium may be said to be the most important Mgmic
element in the body as it occurs in it in the highest amount. Phosgphorus
is s0 closely related to calcium in metabolism and nutrition Wt it becomes
as important as calcium and it is usual to discuss the caleium-phosphorus
metabolism asg one entity. Over 70 per cent of the ash of the body consists
of calcium and phosphorus. As early as 1842 it became recognized through
the work of Chossat, eited by Maynerd and Loosli (1956), that an insufficient
amount of calecium in the diet causes poor bone formation in many species of
animals. During the next twenty years studies both in France and Cermany
showed that skeletal development in various species of farm animals was
dependent upon the supply of calecium and phosgphorus in the ration and that
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deficiencies could be corrected by feeding bone meal and other sources of
minerals. Discovery of Vitamin D in 1922 gave a great impetus to the
studies of the metabolic processes involved.

Normal calcium-phogphorus nutrition depends primarily upon sufficient
supply of each element, a suitable ratio between them and the presence of
Vitamin D, Irrespective of the forms in which calcium and phosphorus are
ingested their abgorption is dependent upon their solubility at the point
of contact with the absorbing membranes. The absorption of both calcium
and phosphorus is thus favored by factors which operate to hold them in
solution. Some minerals like iron, aluminum and magnesium have been con-
gidered to interfere with abgorption of phosphorus and oxalic acid or _
oxalates present in spinach and other chenopodiaceae with calcium, How-
ever, much of the experimental work forming the basis of such general state-
ments have been usually done using rats and the extrapolation of those
results to ruminants is not justified.

The present work was undertaken to study the effect of excess of
magnesium and oxalic acid on calcium-phosphorus utilization, retention
and excretion when added to a normal balanced ration fed to lambs,

The conventional digestibility study involving striking the balance
between the income as represented by the feed and the out-go in feces,
usually employed for the proximate principles of foodstuffs in not adequate
when studying the utiliszastion of minersls because the feces contain in
addition to the unabsgorbed minerals, an endogenous fraction as well. Such
an inherent error masks the true availability of minerals from livestock
feeds unless the endogenous feesl loss is known, In the past, attempts
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were made by various workers to estimate endogenous fecal exeretion under

fasting conditions, but this was found to be unsatisfactory as it imposes
abnormal conditions on the animal, Advent of the use of radioactive
isotopes has solved the problem and the accepted techniques with radio-
isotopes have been employed in this study.



CHAPTER II

REVIEW OF LITERATURE

The importance of calcium-phosphorus metabolism has been recognized
for over a hundred years and extensive work has been done on this subject.
Congequently, @ comprehensgive review of literature on this topic presents
certain special problems. A number of excellent reviews have appeared in
scientific literature during the course of years, either on the whole or
parts of the topic and each reviewer has attempted to view it only from
the perspective of his special interest. Most of these have a bearing on
elinicsl conditions and nutrition of man and in meny instances one may search
in vain through all these reviews for some specific information applicable
to problems presented by animal nutrition. Probsbly the Annual Review
type of article and a few available monographs are the best 1o keep sbreast
of progress.

Irving (1955) surveyed literature on calcium metabolism, weighed
the various findings, and presented a summary based on his own conclusions
from the published observations in the field, Most of his discussions
apply to man and there is only limited reference to animal nutrition,

Howard (1957) reviewed certain current concepts sbout calcium metabo-
lism, bones and calcium homeostasis.

Various asuthors reviewed the subject of mineral metabolism in the
different volumes of the annusl review of Biochemistry. Greenberg (1939)
discussed the occurrence, transport and regulation of calcium, magnesium
and phosphorus in the animal orgenism as an extension of previous reviews
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on the subject., He emphagized the development of new techniques particue-

larly the use of radicactive isotopes as indicators of metabolism and the
genesis of the then new concepits in the field of mineral metebolism.
Maynard and Loosli (1942) and McCance and Widdowson (194l) presented general
reviews on the subject, Sendroy (19LS) considered developments bearing on
the chemical and physiologieal activities not only of the metallic elements
and salte but of certsin acid-bage metabolites. Maynard and Smith (1947)

in their presentation emphasized the nutritional sspects. Cohn et al.
(1942) on the other hand emphasized the clinical aspects. Davis and Loosli
(1954) reviewed mineral metabolism in animals.

A gymposium in two volumes was edited by McEllroy and Glass (1951).
However, this contains more information on the intermediary metabolism of
phosphates and little on the digestibility and absorption of phosgphorus.

Though it is now recognized that interrelationships among certain
minerals in the diet as well as actual amounts govern their usefulness or
harmful effeets, much less work appears to have been done on t.ho effects
of excesses of trace minerals on calciumephosphorus metabolism, than on
the effects of deficiency.

Tibbets and Aub (1937) found that ingestion of extra magnesium as
magnesium lactate increased the urinary caleium in normel human subjects
and also increased the calecium drain in both hyperparathyroidism and that
cauged by ammonium chloride. The loss in caleium produced by these agents
could be checked by a large intaeke of sodium acid phosphate.

Talpatra et al, (1949) found that although it was known that caleium

oxalate was not assimilated during digestion, the presence of oxalic acid
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did not appear to interfere with the sssimilation of ecalcium in ruminants.

Oxalates of sodium and potassium appeared to be converted to bicarbonate
or carbonate and if present in large quantities induced severe alkalosis.

Examination of the available literature on the subject has not
revealed any other reference to work done to study the effects of excess
of magnesium or oxalic acid added to the diet of ruminants., Evidently
very little appears to have been done on this. Even the two studies re-
ferred to above, eppear to have been made by the conventional gross balance
methods and does not give any true picture of the details of the processes
involved.

Precise methods for estimating endogenous calcium and phosphorus
under varying conditions would be most helpful for calculation of true
digestibility of these elements and for determinations of net as well as
dietary requirements for funetions such a&s maintenance, lactation or growth
and for studying the effects of excess or deficiency of other factors in
the diet on their utilization. Until a few years ago, endogenous fecal
caleium and phosphorus had been determined under fasting conditions by
various authors, but this is not satisfactory for obvious reasonss This
and some other methods of study have now been replaced by methods employing
radioisotopess The older methods are et present only of historical interest
and so are net reviewed here.

The availebility of radioactive isotopes has provided investigators
of metebolism in animels with techniques of unusual scope and flexibility.
An element which occurs in the diet &t a level of 0,05 ppm or less can
still be followed from feed to ultimate location within a specific tissue



of an animal weighing 1000 pounds without inereasing the smount of the
element in the diet above the physiologic level, Davis (1957) hag pre-

sented a summary of the use of radiosctive micromutrients in metabolism
in animale, and Comar and Wasserman (1957) of mescromtrients, For princi-
ples of tracer methedology, reference may be mede to Comer (1955) and
Kemen (1957). Modifications of igsotope dilution method for determination
of fecal endogenous losses ¢f phosphorus in livestock have been presented
by Kleiber et al. (1951), Lofgreen et al. (1952) and Lofgreen and Kleiber
(1953, 1954). Similar methods for calcium have been diseussed by Comar
et al, (1951, 1953) and Viseck et al. (1953). Comar and Wassermen (1956)
have given a review on radioisotopes in the study of mineral metaboligm,



CHAPTER III
EXPERIMENTAL PROCEDURE

The use of various species of farm snimals for the study of nu-
tritional problems, metabolism and radiation therapy is gaining inereasing
popularity, Boars, gilts, weanling pige, ewes, wethers, steers, heifers
and milk cows have been successfully employed. Metabolism cages and
equipment for balance studies using radioactive isotopes should satisfy
certain basic requirements, which have been described by Hansard (1951).
He also summarized the pertinent literature and described adaptable
metabolism units of simple degign and operation that have through use
been found entirely satisfactory for balance studies involving radio-
isotopes with either sex of the various species of farm animals and com-
plete constructional and functional details are given.

Very important operations in metabolism investigations using radio-
isotopes are quantitative administration of isotopes intravenously,
intreperitoneally or orally and taking blood samples. The usual pre-
cautions to be observed in handling radioisotopes have been given in
Bureau of Standerds Handbook L2, in the various Us S,, A, E. C., Isotope
Division Circulars and other publications. When large animals are used
there are additional considerations which also have been discussed by
Hansard (1951). The metabolism units employed, and techniques of quanti-
tative administration of isotopes and collection of samples employed in

this study were those described by Hansard (1951) and Hansard et al. (1951).

Animals
For the study, eighteen wether lambs were chosen from a group of
forty-six animals recently obtained. These had been examined by a
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veterinarian for freedom from any diseases and had been dewormed., The

eighteen animals were chosen on the basls of apparent condition of the
animals and uniformity of body weights. The body weights ranged from 61
pounds to 71 pounds and the average was 66.2 pounds,

These animals were divided into three groups of six animals and
each group further subdivided into two subgroups of three animals in each.
The different enimals were assigned to the different groups and subgroups
in such a way as to make the average weight per animal of each subgroup
as nearly uniform as possible, Each animal had an ear tag to distinguish
it from the rest. Group I was to be used as controlsy Group II for treat-
ment with magnesium and Group III for treatment with oxalie acid. One
subgroup in each group (to be called subgroup a) was to be dosed with the
radioisotope intravenously and the other subgroup (subgroup b) was dosed
orally, Details of the groups are given in Tebles I and II.

Experimental Ration

The snimals were all fed a composite ration containing adequate
amounts of dry matter, digestible protein and total digestible mutrients,
The roughage was cottonseed hulls. A quantity of feed sufficient for a
few days was made at one time, the ingredients being very thoroughly mixed
in the feed mixer to produce a uniform distribution of all the ingredients
throughout the quantity of feed mix. The composition of the basal ration
is given in Table III.

Each animal was expected to eat 2 to 2.5 pounds of feed mix per day.
Two and one-half pounds of the mixture contained 2,15 pounds of dry matter,
0420 pound of digestible protein and 1.6 pounds of total digestible nutri-
ents and was considered adequate for maintenance according to standards of




TABLE I

EXPERIMENTAL ANIMAL GROUPS

Trial I
Animal Initial Final
number weight %@t
Se 1bgs
Group I « Controls
Subgroup (a) i 6840 6840
2 6740 6640
3 64,0 6340
Average 663 6547
Subgroup (b) L 63.0 60,0
5 68,0 65,0
6 6840 68,0
Average 6643 6343
Group II - Magnesium treatment
Subgroup (a) 7 6640 63.0
8 6540 66,0
7 68,0 65,0
Average 66.3 Qa7
Subgroup (b) 10 6500 69.0
11 61.0 6540
12 68,0 65‘0
Average 6547 6643
Group III - Oxalic acid treatment
Subgroup (a) 13 6540 6340
il 6340 6ls.0
18 71,0 68.0
Average 6643 6540
Subgroup (b) 16 6640 6540
17 6740 62,0
18 6640 62,0

Average 6643 63.0




TABLE II

EXPERTMENTAL ANIMAL GROUPS
Trial II

Animel  Initial  Final
number  weight _ weight

1bse. 1bs.
Group I - Controls
Subgroup (a) 1 8040 81.0
2 87.0 82.0
3 TOOO 7h~0
Average 79.0 79.0
5 58.0 50,0
6 78.0 77.0
Avorngo 6807 6603
Group II - Magnesium treatment
Subgroup (a) 7 83.0 78.0
8 82.0 80.0
9 72,0 Th0
Amugo 79-0 77.3
Subgroup (b) 10 8440 85,0
11 78.0 82.0
12 61.0 66,0
Average The3 177
Group III - Oxalic acid treatment
Subgroup (a) 13 78.0 81.0
1l 72.0 73.0
15 82.0 81.0
Average 773 7843
Subgroup (b) 16 66,0 73.0
17 75.0 7940
18 75.0 7740
Average 72,0 7643

e e e e e e e




TABLE III

COMPOSITION OF BASAL RATION

Pounds Gramg

Cottonseed hulls 200
Corn meal 296
Soybean o0il meal 60
Alfalfa meal Lo
Iodized salt b
Total 600

Supplements added to the sbove quantity of feed mix:
Caleium carbonate (CaCoj) 1.2
Vitamin A and D supplement (containing

20,000 I, U. Vitamin A and 2’500 U. S. Pe

units of Vitamin Dp per gram 50

P e ]



13
Morrison (1956). Phosphorus contained in the feed ingredients was adequate,

but calcium was insufficient, so calcium carbonate had to be added. Two
and one-half pounds of the final compogite ration then supplied 0,007 pound
calecium and 0,006 pound phosphorus.

Treatment with Magnesium

Magnesium was added in the form of magnesium carbonate, Magnesium
was expected to combine with phosphate ions liberated during digestion
and to produce magnesium phogphate. There are three magnesium phosphates,
the monobagic, the dibagic and tribasic, in which the ratio of magnesium
to phosphorus is 1:2, 1:1, and 3:2, respectively. Purely on the basis of
their atomic weights, magnesium contained in 12 grams of magnesium carbonate
is enough to convert all the phosphorus in the daily feed of each sheep to
the ingoluble tribasic magnesium phosphate., However, this amount of
magnesium carbonate was expected to induce scouring which some animals
show when put in metabolism units even without any such added laxative.
Therefore it was decided to administer to each animal 6 grams of magnesium
carbonate per day in 3 gram doses fed twice daily well mixed with the feed.
It was considered that this amount was large enough to show its effect on
utilization of ecalcium-phosphorus and et the same time small enough not
to be a contributory factor to scouring.

' Preatment with Oxalic Acid

It was considered that greater caution was needed in determining
a suitable dose of oxalic acid, as in large doses it is considered to be
a poison. If all the ealcium in the diet was to be converted to calcium
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oxalate, sbout 9 grams of oxalic acld would have been required., A safe
maxinun dogse for sheep was not given in any of the literature consulted,
Therefore, the dose was arbitrarily fixed at 6 grams per dey, hoping that
this was well within the toxic level., However, this assumption was
verified by a preliminary feeding trial on two lambs, to whom gradually
inereaging doses from 1,5 grams to 3.0 grams of oxalic acid were given
twice daily with each feede The 6 gram dose was given to the experimental
animalg in 3 gram doses fed twice daily with each feed, The animals were
watered twice daily ad libitum.

Preliminary Conditioning
All the animals were given the composite basal ration at the rate

of 2 pounds per animal per day for a week to accustom them to the ration
and they were then placed in dusl unit type metabolism stalls described
by Hansard et al. (1951), fed the seme quantities of the ration and kept
there for ten days to condition them to the restraint to which they are
necessarily subjected. Within this period they became accustomed to
these conditions as was evidenced by the general behavior of the animal
and by satisfactory feed consumption. Then the animals were weighed,
geparated into the groups and subgroups and placed back in the metabolism
stalls. The weights shown in Table I are the weights which were then
recorded.

Trisl Period I
At the end of the preliminary conditioning, Trial I was commenced.

Each sninel was dosed with 1 mes Cal® and 1 me. P32, The radioisotopes
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were administered to the animals of the three subgroups a8, intravenously
and to the three subgroups b orally, and this marked the commencement of
the trial period, Daily collection of urine and feces was started, Urine
wag filtered through two layers of cheese cloth tied over the mouth of
the collection bottle, and feces was collected in paper lined metal con-
tainers., Weighed amounts of feed mixture was placed in the feed boxes
at 8:00 a.,m, and 3:00 pem. each day and a well mixed sample of each day's
feed mix wag saved for later analysis. Any quantity of feed refused by
the animal was weighed and recorded and kept apart for analysis. The
daily semples of feed mix and the feed refused by each smnimal were pooled
in individual paper bags.

Since the proper collection of samples is just as important as the
accuracy with which the subsequent enalysis is done, great care was
exercised in collecting a representative sample. Feces was well mixed
before sampling because successively passed excrete may differ widely in
activity, especially at short times after administrstion of isotopes.
Cross contamination was avoided to the most possible extent, because of
the extremely high dilutions which were measured. The total feces and
urine collected each day were weighed. Ropresontativo gsanples of the
whole feces and urine wzre taken in Mason jars with tight-fitting lids,
and refrigersted. Though it was preferable to take a sample for analysis
immediately, inasmuch as this was not practicable, the procedure mentioned
sbove had to be adopted to avoid moisture loss and putrefaction. About
30 ml. of blood was drawn from each animal into centrifuge tubes containing
Heparin, 2k, 96, 120, 1}, and 168 hours after dosing. The blood was
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centrifuged immediately and clear plasma collected into 15 ml. tapered
bottom centrifuge tubes; it was centrifuged once again if necessary,
tightly corked then stored in the refrigerator. '

At the conclugion of the collection pcriod of seven dsys, the ani-
mals were removed from the metabolism units, weighed again, and the animals
of each group kept in a separate enclosure, All the animals were fed the
same bagal ration as before and the animals of Groups II and III continued
to receive magnesium carbonate and oxalic acid, respectively, added to
their diet. Magnesium carbonate was added to the diet of animals of Group
II at the sesme rate of 6 grams per animal per day, but it was considered
advisable to reduce the amount of oxalic acid in the diet of animals of
Group III to 3 grams per animal per day to avoid deterioration in the
general health of the amimals. They received this treatment for a period
of twenty-eight days. During this time the appetite of the animals improved
and each was then given the basal ration at the rate of two and one-half

pounds per animal per day.

Trial Period II
A week before the end of the above period of twenty-eight days, the

animals were placed in the metsbolism units once again to get themselves
reconditioned to the units. They were then reweighed, placed back in the
metabolism units, and all the procedure adopted during the Trial I period
duplicateds At the end of the Trial II period of seven days, the animals
were removed, weighed, and the animal experiment concluded.

Pre~treatment of Samples
FPeces. The sample in each Mason jar was well mixed and a representa-
tive sample of about 10-12 grams taken into a clean dry weighed porcelain
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crucibla_ and the whole weighed again. The weighings were done on a gramatic

balance to four deeimal places and done without much loss of time to avoid
loss of water during the processs The samples were placed in the drying
oven get at 100° C. and left thofe overnight. Next, they were transferred
to the Muffle furnace, the heast turned on and brought up to 600° ¢, and
left there overnight, after which the hest wasg turned off, the furnace
allowed to cool and the crucibles with the samples removed, To the ash
was added 5 ml, of 6 N HCL and left for four hours to dissolve, The ash
solution wes then quantitatively washed into a test tube graduated at 25
ml, and the volume made up to 25 ml. As the dry matter digestibility was
also being studied the dry weight of the feces was determined by weighing
the crueible with the dry feces, before ashing,

Urine. Twenty ml. of well mixed urine were pipetted into a crucible,
dried, ashed, dissolved in 5 ml. 6 N HCl and volume made up to 25 ml, as
was done for feces. In the case of urine, 5 ml, of 6 N HCl were added
before the urine was dried slso as otherwise a highly insoluble ash resulted.
One drop of octyl aleohol and addition of the acid gradually prevented loss
of the sample by frothing, The dry semples were transferred to the cold
furnace and temperature brought up very gradually as otherwise some samples
would rise and a portion lost.

Plagma, Five to 10 ml, of plasma were pipetted into a crucible,
dried and ashed, the temperature of the furnace being brought up gradually

as in the cage of urine and for the ssme reason., The ash was dissolved in
5 ml, of 6 N HCl and the volume made up to 25 ml.

Feed. The total of the daily samples of bagal ration and the feed
refused during the trial period by each individual animel were mixed
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thoroughly in the individual bags and a representative sample of about 50
grams each taken into a large, clean, dried, weighed porcelain erueible
and the whole weighed sgain, The feed was then dried at 100° C, overnight
and the dry weight determined, It was then ashed, dissolved in 15 ml. of
6 N HCl, quantitatively transferred to a 250 ml. graduated flask and the
volume made up to mark.

Chemical Analyses
Phosphorus. The method of Fiske and Subbarow (1925) was employed

for the estimation of phosphorus. An appropriate aliquot of the ash
solution was taken into a photometer tube graduated at 25 ml. The sides
of the tube were washed down with about 5 ml. of water, 1 ml. of molybdic
acid reagent and O.4 ml, aminonaphtol sulphonic acid reagent were added
and volume made up to 25 ml. with distilled water, An aliquot of a
standard containing 4O mg, phosphorus was similarly treated with every
bateh of unknowns. The tubes were allowed to stand for ten minutes and
the readings taken in the photometer within thirty minutes.

The light transmission value of the resulting solution at 720 W
was determined in an Evelyn Photometer standardized to read 100 per cent
transmission with a blank., The value for the standard was also read.
The amount of phosphorus in the aliquot was found by referring to tables
showing milligrems of phosphorus in the aliquot of the unknown for differ-
ent light transmission values compsred to that of the 4O mg. standard.

The amount of the aliquot of the unknown was so chosen as to give
a transmission between 30 to 60 per cent as beyond this range Beer's Law
was not followed. The 4O mg. standard gave a transmission of 37 to LO
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per cent. Where the amount of the aliquot of the agh solution was less
than 1 ml, the estimation was done in duplicate, or the ash solution was
suitably diluted to give a larger aliquot.

The ash solutions contained some silica mostly from the crucibles.
Silica interferes with color development if it is present in any appreci-
able smounts, In the case of feces and urine no difficulty was experienced
as the amount of phosphorus being large only small aliquots were taken,
thus reducing the amount of silica in the aliquot. But in the case of
plasma, the phosphorus content was low and it was necessary %o take a
comparatively large aliquot to get @ photometer reading within the desired
range, with the consequent inerease in silica as well, So with the ash
solution of plasma samples it was found necessary to use the modification
suggested by Fiske and Subbarow (1925a) in which 0.25 ml. of 10 N Hps0y,
wag added before the addition of other reagents and the photometer reading
taken within five minutes, For the plasma semples obtained during Trial
1I, nickel crucibles were used instead of porcelain,

Calcium, Caleium in the ash solutions was estimated by the method
of Clark and Collip (1925).

Feces. An aliquot of the ash solutdon, 3 to L4 ml., was taken in
a tapered bottom 4O ml, centrifuge tube to which were successively added
one drop of methyl red, 3 ml. ammonium oxalate, ammonium hydroxide until
the eolor changed to yellow and acetic acid drop by drop until faint pink,
It was left overnight, centrifuged, decanted, and washed twice with dis-
tilled water., The precipitate of calcium oxalate was thoroughly dispersed
in sbout L4 ml. of water and transferred quantitatively to a plastic tube
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and mebel cup assembly. The cup had been previcusly clesned, dried and
weighed, This assembly was then centrifuged to pack the oxslate into the
cup, the waler decented or syphoned off, the cup removed, dried and weighed.
From the weight of celcium oxalate, the caleium content of the feces was
caleulated, The details of the process have been deseribed by Comar (1955).

Urine and plasma, Ten %o 15 ml. of the ash solution were pipetted
into a 4O ml. tapered bottom centrifuge tube and the caleium precipitated
ag oxalate as deseribed sbove, To the precipitate was added 3 ml., of 10
per cent HpSO0,. It was then heated in 2 water bath at 90° C, for twenty
ninutes to dissolves The solution of oxzalic acid so produced wag titrated
with 0,02 §, potassium permanganate solution, A stendard solution of
calcium chloride containing 2 mg. calcium in the aliquot was treated
similerly and titrated with the seme potassium permenganate solution on
each day the analysis was done, From the volume of permanganate solution
required for 2 mg. of calcium, the calcium content of the aliquot of ash
solution was caleulated.

Feedss The procedure was similar to that employed for feces. The
calecium oxalate in the cup in the cage of fecal &sh or the titrated fluid
in the centrifuge tube in the case of urinery ash or plasma wag gaved for
radioghemical analysise

Radiochemical Analysis
Radioactivity was measured by counting, using a Geiger Muller tube

attached to a sceling unit. The counts were reduced to per cent of dose
adninistered for purpose of ealculations, & standard prepared from the
doging solution alsc being counted with every batch of samples in each
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scaling unit under identical condlitions,

Phogphorug ~ P32, 1In contrast to the Llow energy of ca"® beta enission

(0.26 Mev), that from P32 has a high energy emisesion (1.71 Mev), This
differance in energy provided a convenlent bagis for meaguring the activity
of P32 in the presence of cas, m eluminum gbgorber having a surface
dengity of 55 mg. per square centimeter would sbsorb all the beta parti-
cles from Ca% but would reduce P32 contribution by & factor of only leS.
£11 saples and standards were therefore counted for P32 activity through
such an abgorber. Samples and standards were counted as solutivns, the
necessity of correcting for self sbgorption being eliminated by using a
volume of standard equal to that of the gamples,

Fecess Ten wls of the ash solution were pipetted into a petri dish
and counted through the absorber, The dosing solution was suitsbly diluted
and 10 mle of this standard solution were pipetted into & petri dish end
counted with every bateh of semples.

Urine. Ten mls of fresh urine were counted.

Plegma, Five ml, of fresh plasma were counted.

Caleium - Cal®, The beta emigsions from Co® are of low energy and

this results in high self sbsorption. Celecium was precipiteted as oxalate,
washed #nd transferred to plastic tube and metal cup assembly as described
by Comar et al. (1951) and the activity counted. ALl measurements of Calid
were made againet standards prepared from sliquots of the original dosing
solutions suitably diluted and eveporated to dryness in metal cupss Such
standards were assumed to have no maéss, while the mass weights of the
caleium oxalates from the samples provided the basis for the self absorption



corrections calculated by the method of Comar et al. (1951).

Feces. The calcium oxalate in the cup obtained during the chemical

determination of calcium of the feces was counted. i
Urine and plasma, To the contents in the centrifuge tube obtained

after titration with potassium permanganate for the chemical determination ‘

of calcium was added a solution containing 8 mg. of carrier calcium and |

the total calcium reprecipitated as oxalate, cupped, dried and counted.

Calculations

1., Radioactivity. Radioactivity was calculated in terms of per |
cent of the dose administered. This value was obtained from the counts ‘
of the sample, counts of the standard and the fraction of dosing solution
present in the volume of standerd taken., A standard prepared from the
seame solution as was used for dosing was used for counting along-side the
semples on each day, with each machine, so that the influence of all the
varisble factors in the technique was eliminated.

2. Specific activity. An expression to serve as an index of
specific activity was obtained by dividing the per cent of the radio-
activity administered present in an aliquot of a sample by the milligrams
of total element present. The result usually being a small fraction was
miltiplied by a constant factor (104) to give a convenient expression,

3. Endogenous excretion of calcium and phosphorus. Description
given below concerning calcium applies to phosphorus as well.

a) Isotope dilution method, If 100 units of calcium are
ingested by the animal and A units of this 100 units are absorbed, 100 - A
units of ecalcium will appear in feces. However, feces contains in addition,
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the endogenous calcium excreted into the feces from blood. If this is

represented by E. units, total fecal calecium = 100 « A + E units,

If plagma is labeled by injection of calts and hag a gpecific ac~
tivity of Sp, the endogenous calcium excreted will also have the same
specific activity, because the animal economy does not differentiate be-
tween stable calcium in plasma and Cab® in the plasma and both will be
excreted in the ratio in which they are present in plasma. In the feces,
the endogenous caleium is diluted by the unabsorbed food caleium, with
the result that the Cal® gpecific activity of fecal calcium is less than
that of the plasma calecium, the extent of the reduction in activity being
directly proportional to the extent of dilution, If the specific activity
of the caleium of the feces be Sf, then |

S8 _ Endo us Ca in fece
Sp Toﬁ fecal Ca

or Endogenous Ca in feces = Total fecal Ca x %:—;

b) Comparative balance method. Hansard et al. (1951, 1951a)

have presented evidence that there was a greater retention of the part of
ingested calcium that was absorbed, than of the calcium of the body stores.
In other words the endogenous calcium of the feces comes prinlrﬂ.v from
the bone via the plasma.

The amount of radio-caleium that appears in the bone at a given
time after oral administration will be governed first by the efficiency
of sbgorption and second by processes that involve removal from the blood,
such as deposition in the skeleton and excretion:. Experience of many

studies has shown that the internal factors, i.e. the fraction of plasma
calcium that is deposited in the skeleton and the fraction that is excreted
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will be similar between similar animals.

If 100 units of calcium are ingested by the animal and of these A
units are absorbed, 100 « A units of ingested calcium will appesr in the
fecess The major fraction of the A units absorbed will be deposited or
exchanged with the calcium of the bones and a smaller fraction excreted
in the feces. If B represents the fraction of the calcium reaching the
blood that is excreted into the feces, for A units of calcium sbsorbed
into the plasma, BA units will be excreted.

Therefore, if 100 units of calcium are ingested,

Fecal calcium = 100 - A + BA
= 100 - (A - BA)
= 100 - & (1 - B)

or A (1 «B) = 100 -« Fecal Ca

100 -~ Fecal Ca om ww-w L13

A=
” &R

Therefore, the part of ingested calcium that appears in feces

- « 100 « Fecal Ca
100 %

If E = units of endogenous Ca

_ 100 - Feeal Ca
E + 100 T Fecal Ca

or E = Fecal Ca - 100 + 100 « Fecal Ca

.100-1-!'0%!103 - (100 = Fecal Ca) = - = (2)

E being the units of endogenous calcium for every 100 units of
ingested calcium, the endogenous calcium is E per cent of the total in-
gested calcium. Therefore, endogenous calcium

-zxﬁaummtm------(s)
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Summarizing, if the amount of calcium in the food ingested by an

animal, the amount in feces originating from this ingested calcium and
the value for the fraction of the calcium reaching plasma that is excreted
be known, digestibility and endogenous calcium excretion can be calculated
from the equations (1), (2), and (3) sbove,
The necessary data were obtained as follows:

le The amount of radiocactive calcium appeering in the feces
of animals of gubgroups b was determined, As the animsls of these sub-
groups had been administered 1 mc. of radiocalcium orally, the per cent
of apparent digestibility (100 - Pecal Ca) was calculated from this.

2+ To determine the fraction of absorbed calcium that was
re-excreted, the amount of radioccalcium appearing in the feces of animals
of subgroups & was determined. These animals had received the dose intra-
venously and so from the fecal excretion the value of the fraction B was
calculated.



CHAPTER IV

RESULTS AND DISCUSSION

This study was primarily concerned with the influence of magnesium
and oxalic acid upon the sbsgorption and retention of caleium and phosphorus,
but dry matter digestibility was also determined.

Analysis of the bulked daily semples of basic rations fed to the
animals for the two trials showed that the two bulked samples varied in
composition, The sample used for Trial I contained 1,123 grams salcium
and 0.794 gram phosphorus per pound of ration, whereas that used for Trial
II had 1,208 grams and 1,109 grams, respectively, of these two minerals.
It would appear from thig, that if the amounts of the minerals fed to the
individual animals should be exactly equal, the different ingredients or
at least those widely differing in weight per unit volume such as cotton-
geed hulls and corn meal ghould be individually weighed for each animal.

Analysis of the feed refused by the animals showed that in many
cases it differed in composition from the basal ration offered, Calcium
varied from 1,033 grams to 1,725 grams per pound and phosphorus from 0,468
to 1.157 grams during Trisl I. The figures for Trial II were 1,034 grams
t0 1,790 grams for calcium and 0,302 gram to 1,156 grams for phosphorus.
The pattern of variations of the contents of calcium and phosphorus in the
feeds refused by the different animals during the two trials showed some
similarity. The phosphorus contents of the feeds left uneaten by animals
Nos 5 and No. 12 in both trials were much lower than the content of the
basal ration, while in other samples higher. Calcium slso was low in the
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sbove two samples, but it was very much higher in others. The details
showing these variations are given in Table IV,

Irrespective of whether this was due to the feeding habits or
purpogive selective feeding, it was clear that sheep could consume a feed
which varied in composition with the individual animel when fed a feed mix
composed of ingredients capable of easy physical separation.

The figures for dry matter digestibility are given in Table V,
Pigestibility varied from 61 per cent to 67 per cent. During Trial I,
treatments with magnesium and oxalic seid did not show any marked decrease
in digestibility. Magnesium treated lﬁinla actually showed an apparent
slight improvement in digestibility probably due to the beneficient laxative
action of the magnesium carbonate administered., Oxalic acid treatment
&ppeared to effect a slight decrease. On the other hand continued treat-
ments with magnesium and oxalic scid during the interval between trials
and during Trial II showed a slightly greater effect of oxalic acid on dry
matter digestibility., While the control group had a digestibility of 66
per cent and magnesium treated animals had 67 per cent, oxalic acid treated
animals had a digestibility of only 62 per cent. However, the differences
in digestibilities were not statistically significant., These and subsequent
data were analyzed statistically by methods as described by Snedecor (1957).
Talpatra et al. (1949) found that oxslates of sodium and potassium were

converted into bicarbonates and if present in large amounts induced alkalosis,

Watts (1957) thought that the main effect of large doses of oxalic acid was
direetly on the rumen, i.e. on the pH, and on the buffer mechanism of this
orgen, which was of great importance in bacterisl digestion of cellulose.



TABLE IV

DRY MATTER, CALCIUM AND PHOSPHORUS CONTENTS OF FEEDS

R e e

Average Per cent Calcium Phosphorus
daily feed dry per pound feed per pound feed
__gms. matter _fns. gns.
Trial I
Feed offered 908 82 1.123 0.794
Feed refused
An. Noe 5 ms 81 1.122 Ooh82
12 182 82 1.033 0.468
13 58 81 1.617 1.080
) | T ¢ 82 1.22 0.991
15 26 81 1.719 1.157
16 65 9 1.725 1,145
17 32 80 1.40kL 1.154
18 136 81 1.588 1.119
Trial II
Feed offered 1135 82 1.208 1,109
Feed refused
An,s No. S 7&6 81 1.077 0-861
12 182 81 1,034 0,302
13 52 8o 1,790 1.091
1L 32 80 1.777 1.156
15 58 80 1.713 1.102
16 169 79 1.539 1.071
18 169 80 1.514 1.129



TABLE V

AVERAGE DRY MATTER DIGESTIBILITY

Ds Mo Ds M. (h‘onp
consumed in feces Digestibility average
Group __gms. S per cent per cent
Trial I
I a 5236 1906 6l
b L4966 1965 60 62
o R | 5236 199k 62
b 14890 1623 67 65
III a L8h2 2022 58
b L4805 176k 63 61
Trial II
E » 6547 2300 65
b 5130 1689 67 66
II a 65h7 2297 65
b 6205 1951 69 67
III a 6280 2hh3 61 '
b 5919 2159 63 62
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In spite of the preliminary conditioning to the basal ration and

metabolism units, during Trial I, each animal was consuming only sbout two
pounds of the basal ration per day, whereas for maintenance by standards
of Morrison (1956) each had to consume 2,5 pounds. The administrstion of
radioactivity and colleection of blood samples were also new conditionsg to
which the animals were subjected during the trial period, These factors
might have been respongible for the animels losing weight during the period
of Trial I,

The feed consumption of the animals gradually went up during the
interval of 28 days between the trials., The animals had by then also
learned to tolerate dosing and blood sample collection, Consequently, the
majority of the animals gained weight during the period of Trial II.

The dry matter digestibility also improved during Trial II, especially
in the control group.

Radioactivity

The daily averages per animel of the specific activities of plasma
or feces of each subgroup for the last three days of the trial periods were
employed for caleulations by isotope dilution methods For comparative
balance method, the averages per animal for the trial period, of the per-
centages of the dose of activity administered that was excreted by animals
of each subgroup was useds These data are given in Tables VI, VII, VIII,
and IX.

Only just enough radiochemical data necessary to evaluate the calcium-
phosphorus absorption and retention were obtained. Parellelism between the




TABLE VI

AVERAGE &hg SPECIFIC ACTIVITIES (X 10") OF PLASMA AND FECES

Day of Group I Group II Group III
trial B b a a b

Triel I

Feces 5 306 309 205 h.6 1.9 ha?
6 1,8 1.6 1.8 1.6 1.9 1.8
7 1.4k 1.0 1.4 0.9 1.5 1.0
Anrlg‘ 203 242 109 2.!3 108 205
Plagma 5 34 «* 32 16 3.8 19
6 3.2 1.3 2.9 1.4 3.2 1.7
7 2,5 1.1 2.0 0.8 2,3 1.3
Av.rlgc 300 1.2 2.7 103 3.1 1.6

Trial II
Feces 5 h.B 6.9 h..O 6.2 h-l 6oh
6 3.5 3.8 3.4 3.2 2.8 31
7 3.3 2.6 2.4 1.8 2.4 1.8
Average 3.9 hLeb 3.3 3.7 3.1 3.8
Pl.nl s h.B 5.)4 605 h.O 606 2.7
6 e 3.8 5.8 3.3 55 34
7 S« 3.2 6,0 2.8 S.1 2.2
Am.ﬂ. S «0 hol 6.1 301} 5 o7 2.7

_—
83ample lost.




TABLE VII

AVERAGE P32 SPECIFIC ACTIVITIES (X 104) OF PLASMA AND PECES

Day of Group I Group II Group III
trial a b a " b & b
Trial I
Feces 5 1601 13.8 1508 16.8 11.9 1305
6 12,3 9.8 12,2 1.7 10,4 10,9
7 12,0 8.0 8.5 10,4 9 9.0
‘V‘t“. 13.5 10.5 12.2 1300 1006 Al
Plasma 5 1806 1609 1968 13.6 1807 20-1}
6 16 12,1 ik 12,0 16,1 ik
7 U5 111 15,0 943 Wb 11,7
Average 16,5 13.4 164 11,6 16.5 15.5
Trial II
Feces 5 15,1 20,0 17.5 17.8 14 17.2
6 12,1 12.9 10.2 10.8 10.8 10,4
7 10.1 11.5 Fel 8.3 8.0 8.5
Avorlgc 120h lh.B 12.3 12.3 11,0 12,0
Plasma 5 15.4 13.1 moa 11.9 12,0 11.5
6 12,7 12,1 1k 2.6 13,3 1.6
7 13.2 11.h 13.9 9.4 11.2 10.3
Am.‘. 13.8 12.2 14,1 11.0 12,2 11.1




TABLE VIII

AVERAGE CAUS PERCENTAGE OF DOSE EXCRETED IN FECES

Day of Group I Group II Group IIL
collection a b B b a b
Trial I
1 5.04 16,04 5.93 10.4h 6.8l 16.4h3
2 3.64 15.19 3.1h 14,28 2.88 13.16
3 1.25 5023 1oh9 609’1 1012 5063
N 0.79 1.91 0.85 2.55 0459 1.89
5 0.55 0099 0055 llm 00& 0088
6 0440 0.36 0.38 0.h43 0.40 0440
7 0.31 0.27 0.4 0.28 0.32 0.19
Total 11098 39.99 12.80 36006 12075 38058
Trial 11
1 9.43 12,32 Tel8 9.01 T.10 18.78
2 LBy 22.83 3.55 26,96 3.92 16.14
3 2.27 9456 1.56 10.82 1.45 6.85
L 1.h5 2.97 1.12 Lh.l2 1.07 3.0l
5 1.24 1.69 0.96 1.65 0.91 1.25
6 0.71 0.68 0.70 0.63 0.71 0,69
7 0.61 O.42 0.55 0.37 0.4 0.38
Total 20,54  50.47 15.92 53.56 15,65  hT7.13




TABLE IX

AVERAGE P32 PERCENTAGE OF DOSE EXCRETED IN FECES

Day of Group I Group IT Group IIX
collection a b bl b B b
Trial I
1 3.18 11.79 he29 5.15 Se3h 12.26
2 9.06 15066 7.& 11.97 8.16 m.68
3 576 778 6,03 1h.17 5.23 T+29
|
L }.59 5.23 La.65 5.20 3.66 L.72 \
5 3.57 3461 359 407 3.kl 3.69 |
6 2.54 2.55 2.5 2.7h 2.72 2.69
7 2.31 1.98 2.47 2.93 2412 1.70
Total 31,01 L48.60 31,28 L6.23 30.64 U7.03
Trial II
1 h.26 9.19 497 7.63 5«94  1h.07
2 11.66 17.80 10,95 19.72 9.54 13.94
3 8. 12.70 6.95 14.70 5.50 6.51
L
5 he70  5.12 3.86 5.09 2,99  3.52
6 2.63 2.79 2.92 1.93 247 2.89
7 2.22 2.32 2.14 1.91 2.0l 2.19
Total 4005 55.53 36.94 58,39 33.03 L7.94

6 5.61 515 7.3 bS  be82
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specific activities of plasma and feces during the last three days of the

trial period in individual animals, shown to exist by previous workers
already quoted in the Review of Literature, had been assumed,

The total dose present in the feces of animals of subgroup a, was
less than that in the feces of animals of subgroup b for the first five
days of the trial period, but on the seventh day, the percentages of dose
present were in most cases more in subgroup a. On the sixth day, the per-
centages of dose excreted in feces by all subgroups were nearly the same,
This was due to the radioactivity in the feces of animals in subgroup b
becoming less and less due to the unabsorbed oral dose and more and more
due to the previously absgorbed activity being re-exereted into the feces.

Balch (1950) found that a sample of stained hay appeared in feces
twelve to twenty-four hours after feeding it with other feeds to dairy
cows and 90 per cent was expelled in seventy to ninety hours., Then the
rate of execretion flattened off, until excretion of all particles of steined
hay was completed in seven to ten days after feeding. It was likely that
removal of water soluble radicactivity administered orally was much more
rapids If further work would prove that radioactivity in feces ten days
after the oral administration of a dose was all due to that previously
sbgorbed and then re-excreted, there would be no need for intravenous
administration of activity for determination of true digestibility by
isotope dilution method, &ll that would be necessary being oral administra-
tion of probsbly a higher dose, collection of feces and plasma, probably on
the 1lth, 12th, and 13th days, determination of specific activities and
making the necessary calculations,




The Effects of Magnesium and Oxalic Acid Upon

Calcium Absorption and Retention

Summarized statement of results for caleium utilization is presented
in Table X,

Trisl 1

Calcium balances were negative during the trial period, Group I
having lost 0,55 gram, Group II, 1,51 grams, and Group III, 1.99 grams per
animal. Thus both megnesium and oxalic acid apparently increased the loss
of caleium, but the results were not statistically significant. The average
plasma calciun levels for the three groups were lli.h mg., 15.0 mg,, and k.1
mge per 100 ml. of plasma and the calcium excreted in urine per animal
during the perlod 0,51 gram., 0,51 gram,, and 0.68 gram,

The percentage of true digestibility of caleium by isotope dilution
method for Group Ia was 78, for Group IIa, 63, and for Group IITa, &. The
amounts of endogenous caleclum excreted into the feces per animal for the
duration of the trial were for Group Ia, 11,10 grams, Group ITa, 12,11 grams,
and Group IITa, 9,95 grams, The difference from the controls and Group IIIa
that had received oxalic acid treatment was significant (P<10), the treat-
ment having reduced true digestibility and thus the amount of calcium ab-
sorbed. However, this effect was partly compensated for by reduced

endogenoug excretion,

Trial II
All groups showed positive calcium balance, Group I having gained
5.08 grams, Group II, 5.29 grams, and Group III, 5.52 grams per animal




TABLE X

CALCIUM UTILIZATION
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e

At O
e —————

. gkma‘_‘o per aninmal for trial perio?__)

Group 1 G II Group III
a Jp—b a b a b
Trial I

Calcium consumed, gus. 15,72 | 14,90 |15.72 | 14,76 | 14423 | 13.80
Caleium in feces, gns. uh56 17015 17015 16035 15,72 16,28
Calcium, endogenous fecal, gms,

(by isotope dilution) 11.10 12,11 9495
Pood caleium abgorbed, gms. 12.26 10,68 8.16
Percentage true digestibility

(by isotope dilution) | 78 68 -
Percentage true digestibility

(by comparative balance) 61 73 70
Plasme calcium mg./100 ml, Uiy 15.0 Ul
Urinlry Oﬂlcim. £n8e 0.51 °i51 0068
Net retention, gms. - 0455 - 1.51 - 1.99

Trial II

Calcium consumed, gms. 21.1h (17,01 | 21,1k | 20.23 | 19.85 | 18,49
Calcium in feces, gus. 15056 12-’43 .90 | 15.82 1397 13"4
c.ldm’ mdﬂmm f”ll, gmse

(by isotope dilution) 12,06 8.52 7467

Food calcium sbsorbed, gms. 17.6h 14,76 13.55
Percentage true digestibility

(by isotope dilution) 83 70 682
Percentage true digestibility

(by comparative balance) 62 58 63
Plasma caleium mg./100 ml. 11.0 TeT 10.9
Urinary Gﬁlﬂiﬂﬂ, gnse 0055 O4k8 0.33
Net retention, gms. 5408 5429 5¢52

8gignificant at 10 per cent level or P<l0.
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during the trisl period. Magnesium and oxalic acid did not show the ap-

parent decrease in net balance as in Trial I. The physiological mechanisms
of digestion, absorption and endogenous excretion might have undergone an
adaptation enabeling the animals to utilize celcium in spite of the treat-
ments. Watts (1957) showed that rumen contents of sheep habituated to the
intake of small quantities of oxalic acid were sble to decompose consider-
sbly increased amounts of this substance., The plasma levels of calcium
were for Group I, 11,0 mg., Group II, 7.7 mg., and Group III, 10,9 mg. for
100 ml, of plagma, Caleium excreted in urine was 0.55 gram for Group I,
0.48 gram for Group II, and 0,33 gram for Group III,

The percentages of true digestibilities by isotope dilution method
were for Group Ia, 83, Group IIa, 70, and Group IIIa, 68, The endogenous
calcium excreted into the feces per animal for the trial period was for
Group Ia, 12.06 grams, for Group Ila, 8,52 grams, and Group IIIa, 7.67
grams. In this trial also, the difference in true digestibilities between
the controls and those thet had received oxalie acid treatment was signifi-
eant (P<10).

As in Trial I, the endogenous feczl exeretion eppeered to be pro-
portionsl to the amount of calcium sbgorbed. The temptation was to
postulate thet, within limits, endogenous fecal caleium excretion was
adjusted to the amount sbsorbed so that net retention is attempted to be
maintaineds Irving (1955) has reviewed the results of many studies on
factors influenecing endogenous excretion, and available evidence did not

warrent such a generalization,
Percentages of true digestibilities obtained by the method of
comparative balance did not agree with those obtained by isotope dilution
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method. While a certain degree of difference in the sbsolute values could

be anticipated, the same relative magnitudes of the values between the
three groups were expected to be obtained. As reviewed by Comsr et al.
(1953) the primary sssumption in this method was that lsbeled calcium
ur:\ally given as soluble 1331‘5(‘:12 and all the dietary calecium were absorbed
to an equal extent from the intestinal tract, On the basis of the com-
perative results reported, there would seem to be little difference between
absorption of ealecium in normal plant material and that given as c:"5012,
but when magnesium carbonate or oxalic acid was administered along with

the soluble radiocaleium, there was every possibility that the radiocalcium
would be precipitated and made less digestible than food caleium which
would be liberated only later after digestion. According to Comar in the
reference quoted above, method of comparative balance should not be used
if the extent of absorption of the dietary calcium was apprecisbly different
from thet of caleinm® administered separately.

The Effects of Magnesium and Oxalic Acid Upon
Phogphorus Absorption and Retention

Summarized statement of results for phosphorus utilization is pre-
sented in Table XI.

Trial I
Phosphorus balances were negative during the trial, Group I having

lost 4.82 grams, Group II, L.16 grams, and Group III, 4.98 grams per animal,
The average plasma phosphorus level for Group I was 8.8 mg., for Group II,



PHOSPHORUS UTILIZATION

TABLE XI

Phosphorus consumed, gms.
Phogphorus in feces, gms.

Phosgphorus, endogenous fecal,
gnss (by isotope dilution)
Food phosphorus absorbed, gms,

Percentage true digestibility
(by isotope dilution)

Percentage true digestibility
(by comparative balance)

Plagma phosphorus mg./100 ml,
Urinary phosphorus, gms.

et retention, gms.

Phosphorug consumed, gms.
Phogphorus in feces, gms.

Phosphorus, endogenous fecal,
gns. (by isotope dilution)
Food phosphorus asbsorbed, gms.

Percentage true digestibility
(by isotope dilution)

Percentage true digestibility
(by comparative balance)

Plagma phosphorus mg./100 ml.
Urinary phosphorus, gms.

Net retention, gms.

11,87
8455

17

-

Trial II
19.l1
17463

15.77
17.55

17.08

™

8.8
04,11

4.82

16.11
14,63

7%

946
0.11

1.63

11.12
15.23

11.09
6,98

63

.89

849
0.11

- h-lﬁ

19.41
16.75

1h.55
17.21

19.13
17.07

27
0.11

2.36

10,02
1h.89

9467
L.80

482

9.76
.84

76

10,0

0.13

- 198

18,60
16.30

1,72
17.02

17.50
14.67

———

—_— T

i}

Ii

e

8ighly significant or P <.01

81

11,3
0.31

2.57
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8+9 mgs, and Group III, 10.0 mgs, per 100 ml, The average amount of phog-
phorus excreted in urine for Group I wes 0.1l gram, OGroup II, C.l1l gram,
and Group III, 0.13 gram.

The percentages of true digestibilities of phosphorus by isotope
dilution method were for Group Ia, 77, for Croup IIa, 63, and for Group
I1Ila, 48, The difference between Group Ia and CGroup Ila was not significant,
but that between Group Iz and Group IIIa was highly significant (P<.01)s
The smounts of endogenous phosphorus excreted in feces were 11,87 grams in
Group Ia, 11,09 grams in Group IIa, and 9.67 grams in Croup IITa, Thus
as in the cage of calcium utilization, decreased absorption of the mineral
wag followed by decreased endogenous fecal excretioh, with the result that

net retentions in all the three groups were practically the same.

Trial II

All the groups showed positive phosphorus balance during Trial II,
Group I gaining 1,63 grams, Group II, 2.36 grams, and Group III, 2,57 grams
per animal. The differences were not statistically significant. The plasma
levels of phosphorus were for Group I, 9.6 mg., for Group II, 9.7 mg., and
for Group III, 11.3 mg. per 100 ml. The amounts of phosphorus excreted in
urine were O.ll gram per animel for the trial period by Group I, 0.1l gram
by Group II, and 0.3l gram by Group III.

Isotope dilution technique showed a true digestibility of 90 per
cent in Group Ia, 89 per cent in Group IIa, and 92 per cent in Group IIla.
As in the case of calcium utilization, true digestibility was higher in
Trial II. The amounts of endogenous phosphorus excreted in feces were on
en average 15.77 grems for the period per amimal of Group Ia, 1h.55 grams
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of Group IIe, and 14,72 grams of Group IITa. The improved retention of

phosphorus in Groups II and III was therefore due to decressed endogenous
exeretion which more than made up for the decreased absorption, with the
result thet the treated groups showed greater net retention than the
controls.

Percentages of true digestibilitiee obtained by the method of come
parative balence disagreed with those obtained by isotope dilution method
both in sbsolute values as well as relative magnitudes. The probable
causes may be the same as those causing a similar difference in the per-
centages of digestibilities of calcium by the two methods.




CHAPTER V

SUMMARY

This investigation was undertaken to study the influence of magnesium
and oxalic acid upon the sbsorption and retention of calcium and phosphorus
in lambs.

Eighteen wether lambs were chosen and divided into three groups of
six animals in each and each group subdivided into two subgroups of three
animals in each. The animals of ag nearly the same weight as possible were
chogen and so divided into 'lubmups as to make the average weight of each
subgroup as nearly the same as possible,

The animels were fed an adequate basal ration and after the preliminary
conditioning to the ration and metsbolism stalls, Group I was used as con-
trols, Group II to study the effect of magnesium and Group IIT to study the
effect of oxalic acid., Six grams of magnesium carbonate were mixed with
the daily ration of each animel of Group III, Group I being used as controls.
Radioactivity was administered intravenously to one subgroup of each group
and orally to the other., Chemical and radiochemical ansalysis of feed, feces,
plasme end urine were made and the true digestibility, endogenous fecal
excretion, absorption and net retention of the minerals determined. Both
the isotope dilution and comparative balance methods were employed in the
caleulations.

After the first trizl period of seven days, the animals were removed
from the metsbolism stalls and kept for twenty-eight days on the same basal
ration and same treatments to the respective groups, the dose of oxalic acid
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being halved. Then a second trial was conducted duplicating the procedure

of the first trial,

The true digestibility and amount of cazleiwm absorbed were apparently
reduced by both megnesium and oxalic scid in both trials, the effects pro=
duced by oxalic acid only being statistically significant (P<10). Contimued
feeding with oxalic aeld apparently decreased its effects on caleium utili-
zation, The amount of calcium excreted endogenously in the feces apparently
varied in the seme direction as the amount absorbed, with the result that
changes in the net retention were minimized.

Magnesiun and oxalic acid treatments sppeared to reduce the true
digestibility of phosphorus during the Trial I. The effect of megnesium
was not statistically éignificnnt, but the effect of oxelic acid was
highly significant (P<.f1). During the Trisl II both megnesium and
oxalic acid had no effect on phosphorus utilizetion, showing that continued
' feeding spperently removed its effects. Endogenous excretion appezred to
depend upon the amount sbsorbed so that changes in the net retention tended
to be minimized.

Comparative balance method gave results different from those obtained
with isotope dilution methods Probsble ceuses of this difference have been

discussed.
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