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PREFACE.

This work, first discussed in the laboratories of the
London Hospital in the spring of 1919 has been carriea out
in 1920 and 1921 with much less than the undivided atiention
which one would have wished to devote to an investigation
of this size and importance, owing to the heavy pressure of
other work. I have to acknowledge very gratefully the great
debt under which I lie to the staff of the nowett Institute
and to others. First, to Mr. Crichton in charge of the
Animal Department on whose shoulders fell & large part of
the burden of the lengthy feeding experiments. Next, to Mr.
Husband, A.I.C. to whom I am also indebted for analytical
data on pigs 43 and 83.

Pinally to Dr, Orr, M.D.,, D.Sc., Director of the
Institute my thanks are chiefly due. He was unfailingly

fertile in suggestion, and his interest and energy were of

the very greatest assistance in overcoming difficulties.

Walter Elliot.



4 STUDY IN MINERAL METABOLISH.

D - — D D s D W A AT Y D D s - - - — - b ——

INTRODUCTION.

Alpsbnly two, or at most three, of the eighty-odd elewents
sééttered up and down the octaves of llendelejef's Law have
received any detailed consideration from the biologist.

Tven after the destruction of the old division into "orgeanic”
and “inofganic" substances, the overwhelming diseovery thet
all the energy-yielders of life could in general be reduced
to carbon, hydrogen, and oxygen,with nitrogen thrown in to
cover the proteins, led to the concentration of two genecr-
ations of physiologists upon the riddles of the metavolism
of carbon and nitrogen. They saw the body structures &s
a dark street of shuttered houses, from which came the music
and rhythm of carbons and nitrogens, partnering in the linked
procession of their interminable quadrilles, and they strove
more and more to peer through and study the weavings of tnese
vivid dancers slone, ignoring the other atoms of the universe
as no more than the frame to a picture.

At the end of last century the beamt of men's minds to-
wards & conception of nitrogen and carbon as in some specieal

way "essential" was reinforced anew by a great body of

lsborious and brillisnt work such as that upon the amino-



acids by EZmil Fischer and his collesgues. The study of
metabolism became almost the study of nitrogen excretion
with here and there a calorimeter apparatus to determine the
production of col. This attitude we can trace even yet,
embalmed in the word "vitamin"; for having discovered some
factor or rhythm essential to growth or, may be, to life
}tself, researchers labelled it "vitamine" in the sure and
certein hope that it too would prove merely another mani-
festation of these alchemic molecules, the NHE'S. Lopoed of
its final ‘e’ the word persists; though the factors are now
shown to0 be no more vital than many others, and whatever their
constitution, to be apparently devoid of any trace of nitrogen.
The time has come to draw away from this attitude, and
to stress the importance of the other elements of the body.
There is & phosphorus metasbolism as there is a nitrogen met-
abolisn, & calcium metabolism, & megnesium metabolism, an iroq,
a chlorine, an iodine and still more a sulphur metabolism.
The fact that phosphorus, the very weft of the nucleus, c&n
be assimilated direct from mineral sources, rather increases
than diminishes its importance. Again we are only beginning
to learn the controlling part played in the tissues by the
ions of calcium and their necessity ever to such intimsate
body-building as the heeling of a wound. The conception of
the bones as the mere girders of the body is obviously out of

date, as the persistence of the osteoclastic mechanism should



have made us suspect; they have at least this additionsal
function &s reservoirs of sslts as vital to the economy of
the tissues as the glycogen of the liver. Indeed, when cne
considers that the exo-skeleton of the crustacean is merely s&n
afterthought utilisation of a waste product, it is not impossi-
ble to conceive thét the endo-skeleton of the vertebrate may
have originsted not so much in & pillar ss in s fly-wheel.
This much is certain; that the ionised mineral content c¢f the
blood is as essential to life as any other of its constitu-
ents; and that when protoplasm moved out from the salt-wrter
beaches it carried, enclosed in its structure and bathing
every fibre of its tissues,& mineral solution without which
it could not persist and probsbly could never have originsted.
Little of the physiology of these mineral metsbolisas
has been determined and their pasthology must be discussed
with the greatest reserve. The process of utilising so obvi-
ous an element as iron is still almost unknoﬁn, nor are we
any clearer about chlorine. Iodine, with its ductless zland
the thyroid, has attracted some degree of attention; it hes
here been forced on our notice how strikingly the minutest
traces of a mineral substence may affect the development of
the whole body. The particular mineral metabolism chosen
for the purpose of this thesis is that of calcium and phos-
phorus in relation to the physiology and pathology of bone

formation. The guantities of these two elements ingested and



retained are large. We have & histological xnowledge of
the normal process of retention in ossifying tissue,and Ly
chemical analysis of the bones themselves we can further
check our conclusions. Por these reasons it was decided
to compare the calcium and phosphorus metsbolism in health
and in the rickets syndrome.. True, we know nothing of the
mechanism by which these two elements are dealt out to the
tissues, save that for calcium an endocrine regulator of
some kind exists in the parathyroids; but we are no better
off in regard to any of the other minersals.

The conditions discussed in this thesis are,for the
most part,those arising in the feeding of the larger domes-
tic animals, The mass of meterial here available for in-
vestigation is not perhaps sufficiently admitted by expneri-
mental biologists. The number of animals subject to review
is enormous; the sheep population of these islands was 1in
1920, 23,000,000; the pig population 3J0C,000; the cattle
population nearly 12 million. Already & great body of accur-
ate and continuous clinical observation exists,and masses of
data carefully recorded thoughhnot according to laboratory
formulae . Such documents as the stud-books, the milk-records,
and the meat-market statistics can and should be utilised for
consideration. The meat industry is really a gigantic series
of feeding experiments where weighed quantities of food are

fed to weighed animals, the results checked in every case by



a post-mortem, and checked agein by a system of serial sec-
tions which has no parallel amongst any but the most eracting
of our pathologists. Four hundred thousand store cattle,
i.e. experimental animals, are purchased anhually from Irelend
glone; their progress daily exsmined by the skilled clinicel
eye of the expert stockman; and finally verified by the life-
long experience of the butcher &nd the housewife.

What is more, huge numbers of these animals share with
convicts, babies and sailors, the infliction of a ration pre-
scribed from outside and selected rather by reason than by
instinct. The baby, powerless to influence its diet or
environment, is classically subject to disturbeances of its
calcium metebolism. The young pig or puppy, similerly con-
fined, is a frequent vietim of the same disorder. Bven in
adult humans & rigid though reasoned control of foodstuffs pro-
duced the deficiency disease of Eijkmenn's prison patients,
and the traditional scurvy of long sea voyages. It should
therefore be instructive to exasmine in detail the metaboliss
disorders of the masses of imprisoaed stock.

Men, economically dependent on, and physiologically
symbiotic with, his flocks and herds, has not entirely neglect-
ed even the recondite question of their mineral requireuent.
The craving of greminivora for common salt is recognised both
by the farmer who lays down rock-salt in his fields, and by

the hunter who waits at the "salt-lick" for the geme which



will certainly arrive. Bunge's ingenious interpretation of
this craving, as inspired by the desire of the animal to sub-
stitute Na for the B2 which is present in excess in 2ll green
plants, probavly explains why this particuler need should ve
the most generally recogunised. The reouirements of stoucxk
for celcium and ghosphorus however are seldom specificelly
mentioned. The ordinary field herbage, if the earth is ade-
quately rich, ususlly conteins & sufficient supply of wvuth,
and the strengthening of the soil by lime and phosphates,
either singly or in combinution, is one of the hall-marks of
good husbandry.

Cases however do occur in which, through & deficiency in
the soil, a deficiency in the plant and so in the animal
nourished by it, is brought sabout. These will be discussedk
throughout this thesis as they arise.

The animal most usually suffering from & disordered
celeiun or phosphorus metsbolism in this country is the pig,
which is often cut off completely from access to the soil &ni
fed largely on a gresin diet in which the mineral proportions
are extremely ill-balanced. It is very noteworthy thet for
this animal the supply of inorgenic substences has been
empirically recognised as of the first importance and thet
all .pig-«<ceping manuals emphasise,the importance of an "earth-
box" containing & wide renge of mineral substances.

The grass-eating ruminants have & more natural diet, &nd
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the domesticated carnivores have usuelly access to large
quantities of éalcium, phosphorus, etc. in the bones of meat.
The confinement of puppies and the selection of their diet,
either for pedigree purposes or in hunting breeds, 1is asscci-
ated with metabolic disorders which are rarely encountered
when the dog is permitted to run free. Especiaily is this
noticeable since the practice arose of keeping hounds on &
large scale in kennels instead of, &s previously, bo&ardiug
them out with the farmers of the district.

Is it possible to dtermine the amounts of calcium and
phosphorus required by domestic animals (1) in growth (£) in
maturity? A4 direct attack on this problem has been made 0y
Voit (1) and others, and many of these results are confirmed
by later work and also by the data of this thesis. Indirect
reasoning will alsd show the necessity for a minimum inteaxe,
especially for the périod of growth. It is certainly not
possible to say what absolute amounts will be sufficient,
since the salt, thouthpresent in sufficient amount, may oe
in unsuitable combination, or wrongly balanced ageinst another
mineral, or may not be absorbed owing to some intestinsal
cachexisa. In addition there is, so to spesk, an endogenous
and an exogenous mineral metabolism, and not all the minersal
ingested can be retained. But i1t is possible to calculste
from the carcess composition what quantities will be insuffi-

cient. Lawes & Gilbert (2), Tschirwinsky N, Jorden (4),



Wilson (5) and others, carrying out complete analyses of
cattle, sheep and swine, give the ash caontent of the body
weight as renging #dbove 3.0 per cent. It is never less,
unless in one or two cases of fattened swine, and in some
cases of lean animels runs as high as 5 or 6 per cent. 4bout
half of this ash may be taken as Ca0. &nd this corresponds
with the Rothamsted analyses (6) of various farm animals
which give calf carcass at 1,07 per cent Ca0, sheep at 1.5%
per cent Ca0Q and pig at 1.07 per cent Cal. We may conclude
that for these animals Ca0 to the amount of 1 - 1.5 per cent
of the increase in body weight should be ingested between birth
and maturity. This cmeclusion is closely confirmed by
Loew's (7) finding that for the human infant 1.2 grams CaQ is
required for each 100 gresms I1ncreasse in body weight. It may
be teken in general that a diet containing less than one grm.
Ca0 or P205 per cent of increase in live weight secured, is &
diet already very deficient in some of the essentials of life.
McCollum in his recent book points out that the seeds,
such as wheat, fgil to supply enough of many of the essential
inorgenic elements. In several recent dietary studies not
6nly has this been ignored, but experimenters specificsally
state that the animal was receiving & sufficiency of calciunm
which-is arithmetically impossible on the figures supplied -
.Mellanb§?)dieting a puppy, provided a Ca intake which works

out 8t 2.45 grms. Ca0 per week while the animal was increas-



ing in weight at 300 grums. a week. This would require the
retention of ézg;éy milligramme ingested and still leave &
deficiency of .5 gram per week. This experiment is merely
one chosen &t random from his recent monograph on an exten-
sive investigation involving the use of some 400 experimental
animais. It is claimed by him (l.c.), that "this resesrch
has centred round celcium metabolism" which makes the sub-
sequent statement (1l.c.), that "the problem of deficient
calcium inteke has received coumparatively little coansiders-
tion in this research",the more extraordinary. Repeated
references to the need for "a sufficiency of calcium", "nlenty
of calcium and phosphorus in the diet", etc. are suamed up on
p.55 in reply to the query "What then is an adeguste calcium
intaxze?" by the answer "There is no absclute amount that cean
be described as adeguate...........it is all a question of
bslance." This omits the fect that since the boudy is unsole
to synthesise calcium,a theoretical minimum for & theoretical
growth of bone corresponding to sn actusl increase of weight,
is not impossible to estimate.This minﬁnmnis neglected by him
in many of his experiments snd these are therefore withcut
value.

Weiser (9) showed that even practical farmers have fre-
quently failed to observe that the mineral deficiency in pure

ed

grain diets,to rapidly growing animals may reach very large

amounts,and in certsin mixtures frequently fed to pigs the
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oreature would require to consume upwards of 36 lbs. per dey
to obtain & calcium sufficiency.

Intensive scientific observation on mineral requirements
commenced with Chossat in 184<%. He gave food deficient in
cglcium to young dogs and produced & clinical picture very
similar to rickets. lilne-Edwards (1861) Juerin (1862),
Roloff (1866) (10), Miwe and Stoeltzner (1898) (1l) and g§;2;+3
and Boye (1905) (W) obtained similar gross results. In
these experiments they found swelling of the epiphyses with
softening and various curvatures of the bones. In most of
the work, however, histological results were either not made
or did not coincide with the conditions found in true riciets.

Miws and Stoeltzner fed & dog on fresh horse meat &nd
bacon, with distilled water. A waddling geait devepred as
early a8s the 10th day &and epigﬁgggfiswellings within 20 deys.
4% the end of the eighth weex the dog showed & rachitic
rosary and bending of the lonz bones. Histological examin-
ation showed irregular lines of ossification; the layer of
pfoliferating cartilage was extended, the arrangement of the
columas of cartilage cells was irregular and the cartilage
cells themselvés were enlarged. The preliminary calcifice-
tion of cartilage was however quite normel and the thick

masses of tissue, entirely without lime, usually present in

rachitis, were not found by them. The suthors considered



the process as & generalised .osteoporosis: with rachitis-
like changes in the periosteum and in the dncaslcified pro-
liferating cartilage.

In the experiments of Reimers esnd Boye (l.c.) the com-
pact bone substaﬁce was found very small, but the extension
of the proliferating cartilege was only slight. Srolifersa-
tion of the osteoid tissue hed not taken place &t all.

Voit (13) however (1877) eand Baginskyh}\)(lSBl) after
withholding calciwa from dogs described histological cnanzes
very similsr to those universally admitted to be rachitic.

It may slso be remarked that even in the case descrived by
Miwa and Stoelzner the clinical picture would have led to its
diagnosis as rickets in the human. If this syndrome 1is only
to be distinguished by minute histological differences 1t
would be well to consider whether rickets conforuning in every
detail to the description would provey any more frequent in
the infent than in the puppy.

Mellanby, for instance, considers (l.c. p.12) that neither
clinical nor radiographic evidence is diagnostic of ricxets,
nor is & histological picture showing hypertrophy of the pro-
liferating cartilage, invasion of yhe cartilage by marrow
vessels, and absence of Qalcification at the certilage-oone
junction, unless excess of osteoild tissue is also present.

With this view one may joln issue. The result of recent
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experiments gives reason to think that the present meticulous
differentiation between osteoporosis and rickets will not

bear the emphesis which it has received. It seems not impossi-
ble that one eésential factor in producing the microscupic
appearances is the lessened firmness of the bones. The sub-
sequent motion of the body produces shocks in the bone-forming .
tissues and as these shocks are greater, or less, a traunatic
inflammation of varying intensity is produced. Overgrowth of

the osteoid tissue and proliferation of the epiphyseal cartil-
s&ge ensue. The histological picture at any rate does not
exclude such an interpretation.

The first possible casuse of a disordered calcium metabol-
ism therefore is a deficient inteke and this must be ample
before any further hypothesis can be entertained. The

‘Second is an intake adequate itself but interfered with by
other causes. hAs long ago as 187& Wegener (14) produced
rachitic changes in animals by combined withdrawal of lime
and feeding of phosphoric acid. These changes he attributed
mainly to the irritant effect of the phosphoric acid upon the
bone forming tissues. Putz in 1874 expressed & similer view.
Kessowoltz in 1878 (1) (p.934) showed that merely enlarging
the amount of phosphoric scid would produce rachitic symptoms
without any change in the amount of lime salts. Klimmer and

(15) (184 ,
Schmidd, (1906) and Ingle (1907) again emphasised the import-



ance of a(%g? balance between thé mineral constituents.

Tengl in 1912 feeding Hungarian swine on & maize rstion
alone revorted & loss of calcium and phosphorus and & gz&in in
magnesium, while if calcium carbonate were added the retention
both of Ca and P became normal, with a corresponding decrcase
in the retention of magnesium. Weiser (l.c.) in 1912 in his
investigations showed that the Ca content of maize was insuf-
ficient to maintain a calcium equilibrium in growing swine on
this ration alone, and that the phosphorus balance was either
negative or the retention distinctly subnormal. He showed
that CaCoz.added to a ration of barley alone would increase
the retention not only of caslcium but also of phosphorus.

He considered that megnesium retention waes decreased by the
feeling of CaCo5 but ©.B. Forbes reviewing his figures shows
that megnesium retention was really increased.

In l9i4 Hert, Steenbock eand Fuller (17) and E.B. Forbes
(18) confirmed the inadeguacy of maize to preserve & calcium
balanée and showed thet the addition of calcium carbonste or
tricaleic phosphate (in successive periods) caused an increased
retention of both calcium and phosphorus.

Zaitschek (19) stated that on maize, pigs showed & nega-
tive calcium balance and & retention of magnesium, while on
the addition of 5 grems calcium carbonate daily the magnesiun
retention decreased and the phosphoric acid retention rose

from 13 per cent to 30 per cent. E.B. Forbes and others (&)



also stated that an excess of magnesium to calcium in the diet
caused loss of Ca.

Lamb and Eward (20) in 1919 investigated the effects
of mineral acid supplement to a calcium-rich diet. They
considered that the acids did not cause a significant loss
of calcium. Their figures, however, examined by Forbes, when
worked out on the basis of retention per kilo of live weizht,
show “a decrease in the retention of calcium from 355% of the
amount fed (basal ration) to 25% of the amount fed (sulphuric
acid added). -

Porbes and others (217 in en exhaustive investigation
of the utilisation of calcium compounds fed to growing swine,
supplemented a grain ration with (1) pulverised limestoue,(2)
precipitated bone flour, (3) rock phosphate finely ground,
(4) specisl stesmed bone flour, and (5) precipitated calcium
carbonate.

They found that the pulverised limestone or precipitéted
calcium carbonate ceused marked increase in calcium magnesiun
and phosphorus retention; that all the mineral supnlements
increased chlorine retention; that &ll ceused an increased
retention of magnesium; and that limestone, bone flour end
calcium carbonate were equally good in promoting increased

calcium retention,while ground rock phosphate was decidedly



inferior. Pigs on rock phosphate had actually weaker
bones than those on the basal (unsupplemented) ration.
Finselly they state that the retention of absorbed mineral is
controlled by nutritive requirements and is not increased
by the limitations of the capacities of elimination since
these 11mitations 1mmediatelyhreact by increasing absorption.
Korouchevsky in 1921 (59) in experiments which will be
further discussed found that feeding young rats on & ration
deficient in calcium produced osteoporotic changes and
diminished calcium content. Vhen the mother herself had
been kept on this deficient diet during lactation the
histological changes in the bones of the offspring continued
on & calcium-poor diet gave a picture closely corresponding
to that generally accepted for rickets.
It is thus evident that though we may be assured that

& ration eontaining less than & certain minimum of salts is
deficient, we cannot say that & ration in which this minimum
is present, or even an amount sonsiderably above this, will
be adequate. A lack of balance in the salts supplied or

an unsuitable compound may still be preseat. MocCollum

(L.e. p.21) attempts to strike the correct proportions by
the use of a salt mixture based upon milk, This is good

a8 far as 1t‘goes; but it must be pointed out that such a

salt-mixture pre-supposes a knowledge of the ash-content of
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the milk of eash species investigated. This knowledge
simply does not exist in the case of rats, mice and guinea
pigs on which so much nutritional work has been done.

Agein the salt-mixture cannot be added per se but only after
very delicate modification to correct- the deficiencies of
the diet fed. How delioagg, may be seen from the work of
Sherman and pappenheim }2332 who sSolely by the substitution
of 0.4 per cent K HPO,, for one-seventh of the calciua
lactate present in the diet, weré able to prevent the onset
of rickets in young rats though this had constantly been
caused by the gn—modified diet.

Bvidence even exists that an excess of organic acid
may cause a lowered calcium r%yention. A Germasn experi-
ment is deseribed in 1897 (&é:) (Reichs) where by the ad-
ministration of 20 grammes oxalic acid per day a positive
Ca balance was converted into & negative. There is no
doubt that digestive disturbances of any origin may have
this effect, either by decreasing absorption or by in-
creasing elimination in the intestine. Possibly the
observations of Haubner (253, that animals feeding near
the metal factories of Freiberg acquired rachitis fall
into this category.

The smoke contained arsenic lead and sulphurous acid;

when these were intercepted the disease ceased to occur.
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The part played by microbic infection in modifying
calcium metabolism cannot here be discussed. The meta-
bolism of every element in the body is profoundly in-
fluenced by the change from health to sickness and the
minerals are no exception to this rules. The purpose of
this thesis however is to deal as far a8 possible with
animals otherwise healthy in which mineral metabolic dis-
orders have either arisen or been induced.

Hoppe Seyler and Van Noorden (25) showed that exer-
cise alone might influence calcium metabolism, since the
exoretion of calcium rose in the human during confinement
to bed. Kochmann and Petégéch (26)-3tated that in one
very active experimental animal they could not produce an
increased excretion of calcium and concluded that exercise
aided retention. Pindlay (27) and Findlay, Peten and
Watson (28) concluded from experiments on puppies that con-
finement played a large part in the etiology of rickets,
a‘conclusion confirmed by the investigation of Ferguson
(29) upon the conditions of the poor in Glasgow.  This
hypothesis received interesting confirmation from an un-
published papervto which T had access by the courtesy of
Dr. F‘indl,ay, _‘by Major Hutchison I.M.S. on the confinement
of childfan_in "purdah"‘at Nasik,AIndia. Confinement of
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the pig appears to play little part in the development of
porcine rickets, but the rigorous selection of breeds for
lethargy and the production of fat will probably explain
this difference. .

Lestly, there is the question of an additiondl food
factor the so-called anti-rachitic vitamin or Vitamin A,
HoPkiégo%n 1906 and 1912 in his classical experiments upon
the absence of A-factor describes, not & rachitic change
but a2 sudden arrest and collapse of every vital asctivity.
The American authors do not apparently consider Vitamin A
such an essential factor in the specific metabolism of csal-
cium as do many writers in England. Thus MeCollum states in
the Newer Knowledge of Nutritition p. 31, "There has been
secured much experimental evidence in support of the view
that scurvy and pellagra do not arise from deficiency in
the diet of specific chemical substances in the sense in

which Piank suggested. This seems to be true also of

rickets.” Hess,lc Cann and Pappenheim (31) conclude "This
vitamin (A) cannot be regarded as the anti-rachitic vitamin
and if the diet is otherwise adequate its deficiency does
not bring about rickets. Kordﬁéhevsky (l.c.) found that =
lack of Vitamin A frequently produced only osteoporosis
while rachitic symptoms most readily occurred if the depriv-

ation included calcium as well.
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The most definite claims regarding the influence of
this hypothetical factor on rickets are found in the Medical
Research Committee's Special Reports Nos. 38 and 61. In
1918 No. 38, summarising an experimental investigation uander-
taken by E. Mellanby states "Although incomplete, the results
are sufficiently definite to place rickets among the
deficiency diseases"™, and in 1921 No. 61 (32) sums up "It
is evident that a vitamine, probably Fat-soluble A occupies
a position of prime importance in the etiology of rickets."
Such statements made at the public expense by the leading
official body for medical research in Great Britain demand
respectful attention, and an examination of these clains will

form & large part of the remainder of this thesis.
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SECTION I: RICKETS IN THE PIG.

e e e D ke dend

Part=T,

Definition.

Rickets in the pig is defined by Hutypo and Marek as
"g disease of young animels which is due to a disturbance
in metabolism ;na 1s characterised by the persistence of
new-formed bony tissus in osteoid condition, by prolifera-
tion of the cartilaginous tissue and by an irregular advance
of the lines of o#sification,the result being menifold
deformities of the skeleton.”

This is practically identical with the definition of
the Medical Research Committee in 1918 for human rickets
which runs:

YA disease, the chief manifestation of which is in
growing bones in which thére is an exgessive and
irregular development of its earlier stages with arrest
or delay in the formation of fully-formed and normelly
calcified bone.™
Histological examination of the bones pf pigs suffer-

ing from this disease leaves no question that we are here

dealing with a true rickets’as‘above defined.
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Description.

The first signs of the disease that are presented to
the stockman, or clinician, are, in order of time, loss of
appetite, slowing of the rate of growth, lethargy, and rough
staring coat with excessive growth of hair. Next comes
difficulty in locomotion. This difficulty consists at first
of a stiff spastic gait affecting the hind quarters, and,
later, of loss of power of the hind legs. Later still there
are deformities of the long bones with & tendency to fracture
of the ribs. The slowing of the rate of growth affects the
head less than the rest of the body so that in the later
stages the head appears abnormelly large. Loss of appetite
becomes complete, the animel becomes dirty, emaciated and
parelysed and, if the condition remains untreated, death
ultimately supervenes,

Though the disease is similar, especially in bone
lesions, to human rickets there are points of difference,
e.g. the spastic gait which has even led some observers to
consider it as sallied to beri-beri. Nerve changes, in the

shape of a parenchymatous neuritis have also been described.
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incidence.

The disease is found chiefly in young pigs of from two
to three months. It very often occurs during, or shortly
after, the weaning period and is most prevalent in the winter
months, In the young born in the beginning of winter, the
diseese is so common,‘that in the district around Aberdeen

it is said by stockmen to affect as many as 50 per cent of
the young animals. The condition is, like human rickets,
rather associated with confinement, though this seems to
be due mewe to the fact that in confinement the diet of the
pig is selected by its owner, largely on predetermined
lines, rather than by the empirical test of the appetite of

the animsl.

Review.

In genersal, the bones of pigs running free are stroager
than those of pigs in captivity. There pig production is
carried out by large-scale methods as in the United States
the disease, or its prodromal state is especially prevalent.
In view of its great economic importance & very large amount
of research on this and allied conditions has been carried
out in the Experimental Stations under the U.S. Department
of Agriculture. Their Bulletins state that the weakening
of the bones during fettening reaches such & pitch that pigs
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very often suffer fracture of the bones or rupture of
tendinous attachments during shipment to -market (35).

This i8 not surprisihg when the figures quoted for, say,

the bresking strength of the humerus ' on a grain retion, as
compared with a grain ration plus supplements, are considered,
ranging as they do from 796 pounds on oune ration to 1017

on another, These differences are not proved by one ex-
periment only, but by many extending over a wide area and

& long period of years.

This gross figure agein, is but an indication of a
profound cechexia involving the whole metabolism. The fact
that the weak bone is also associatéd with a diminished rate
of growth, and a large increase of the food required to lay |
on & kilo of body weight shows, as might be expected, that
the bony slterations, though the most obvious, are not &t
811 the most vital of the features of the syndrome.

" The conditions, then, under which rickets in rigs
arises, are not local but are very wide-spread. In view of
the fact that swine sare naturaelly adapted to a diet very
gimilar to that of human beings and that, like the inhabit-
ants of these islands they are frequently brought up from

weaning on manufactured foods brought from great distances,

and that they have by generations of selections been adapted
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for a héalthy existence in close confinement, it seemed
Pbrobable that a close investigation of the origin of this
disease would yield valuable results. In addition the
economic iumportance of the problem has a twofold aspect.

A solution of the problem would be of great financial im-
portance to the stockmen of this country; Ifigures are not
availeble to show how great, but the United States Depart-
‘ment of Agriculture in 1916, after a careful census, gives
the losses that year amongst swine alone, from errors in
feeding alone, as:$6,500,000, & loss of which the condition
which we are investigating forms & large percentage. The
50 per cent incidence reported amongst young winter pigs
in the Aberdeen area shows, even allowing for exaggerations,
that the figure: quoted above for the U.S. (which is only
10 per cent of their losses from pig diseases during the
year) is not without some parallel in Great Britain.
Secondly the long-standing recoénition of the economic

- problem showed that a mass of clinical observation must
exist which if it could be brought into relation to an
agcurate and detailad investigation would repay the closest

-scrutiny. This was found indeed to be 8o,



General Statement of Experimental Results,

For the coanvenience of the reader the following
general description of the results obtained ié“made,to give
a general idea of the results subsequently detailed.

The surprising fects appear that the vitamin hypo-
thesis of the origin of rickets has no relation whatever
to the incidence or course of this disease amongs% swine;
that the absence of the so-called vitamin Aidees not ensure,
nor does its presence prevent, the onset of a typical
rachitis. Purthermore, & true rachitis, and not & mere
osteoporosis, can be produced by withholding certain mineral
salts; and this withholding is not merely a question of the
gross quantity present in the diet, since the reteantion of
one salt, which is being fed in fixed quantities, may be in-
creased or diminishedby the addition of another. These
results were so contrary to the accepted opinions of the
day that they have been withheld from publication till the

investigation, which has now lasted for over a year and a
half, was fully confirmed. Observations on over 140
animals have been made. For final security it was con-
sidered sdvisable to obtein an outside confirmation, and one
of the documents attached is & report by Dr. Da Fano, of
Kings College, London, on the histological condition of the
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epiphyses of a pig which had been for seven months subsequent
to weaning deprived completely of "fat-soluble A" The
experiment is the more striking since the animal had reached
a cachectic condition which was apparently averted in the
control group. by the administration of cod-liver oil.
Throughout the experiments indeed, the therapeutic and pro-
phylactic qualities of cod-liver oil in maintaining health
have been bonsfantly cqnfifmed;' but itsASPeciﬁic anti-

rachitic qualities have been as strikingly disproved.

. CRRS Y Y R L o mwne s wiace O
G RN Y SRR L Se
N RS 4t o Rt A i * 3 s ARSI A T PN AP T

. P e



ERINENTE

Tl

e bt

T _DATA.

EXP




EXPERIMENTATL DATA.

_PART I’ FEEDING EXPERIMENTS. QUaEETATIVE-

- S G b e W B e G N T D P g W A S o - - — - - - Y o an - .

METHODS AND NATURE OF INVESTIGATION.

A feeding experiment carried out at the Rowett
Institute in 1919-20 showed that young pigs in confine-
menf on & diet of wheat offal, grains snd potatoes
develop the rickets syndrome as outlined above. It
was thus possible to arrange & basal diet of these
feeding stuffs which would with a degree of certainty
produce the oondition, and, by the addition of various
sﬁbéfances to this diet, to determine what factors
prevented the occurrence of the disease.

A cons1deratlon of the nature of wheat offal, grains
and potatoes suggests {1) deficiency of nfat soluble A",
and (2) a lack of correspondence between the mineral
matter of the food, and the mineral requirements of the
animal,

A series of experiments were carried 6ut, in each of
which, in a control group of animals, the supposed defic-
jency of the basal ration in both “fat soluble 4" and
mineral matter was roughly adjusted, and in the experi-

mental group the deficiensy in either nfat soluble A" oOr
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mineral matter was allowed to remain, so that the in-
fluence of each of these factors in preventing the
disease was tested separately. "pat soluble A" was
added in the form of ced-liver oil. The salt mixture
used to adjust the mineral deficiency was a rough imita-
tion of the ash of milk with either additional calcium,
to make good the marked calcium deficiency of the basal
diet and sodium hydrate to reduce the excessive acidity,
or of a calcium-rich mixture of salts supplied in a
geparate box to which the animal had access. The
details are given with the experimental data. Water
goluble C was added to all the rations in the form of
either lemon juice or swede twrnip t0 avoid the possible
complication of deficiency of this factor, though, as &
matter of faét, the results of Experiment II. which was
conducted to see whether the condition is allied tO
seurvy seem to indicate that the pig is wery little
susgeptible to a deficiency of this vitamin. In all

the experiments the animals were allowed to eat as much

as they pleased.

FEEDIN G EXPERIMENT I.

Influence ©Of FPat soluble A.

- ———— " - - - . - g b S

In this experiment ample inorganic matter was given
to both groups and one group was given additional fat

v



goluble 4 in the form of cod-liver oil, so that the
influence of a relastive deficiency of "fat soluble A"
was determiﬁed in the other group.

Animals,. six yowng pigs, seven weeks o0ld, of the same

11 tter, four male, two female.

Method. The animals were housed in two Open pens, three
in each, on the growmd floor of the laboratory. Area

of pens 6 £%. by 11 ft. Straw bedding was provided.
Each group was given a basal diet desiged to supply all
known requirements with the exception of Vitamin A which
was supplied to Group IL. in the form of cod-liver oil,
Grbup II. receiving an isodynamic amount of lard.

Basal Diet. Two groups each of three animals all out

of the same pen had the following ration:

Proportion.
@atm@al ) ° . ] ° ° . 100
Wwhite bread (replaced after first month
by maize) . . . . 200
¢od muscle . . . . . . 200
swede turmip . . . . . . 100
Marmite, 20 grm. per day
% Salt mixture detailed below . . . 2.9

¥ the:-

t Mixture, Celc. Phosphate ........... 2 grams.
Sal Mi Mago sulpoo'ooQQQO.oc-ooooo @.25 n
POt’ carb...ooo.o.ocoo-ooo 0025 n
Ferl‘ic. Chior..... cseecec e Del n
50d., ChLOT..cccecavvavences 0.2 "



TLe amimals Rad cmrt‘am,bl,y Aefave Lhenm

(1) Watex.
(2) Box with ashes and sulrhur.
(3) Box with salt mixture, Bone Meal. 10.
Mag. Sulph. 1.
pot. Carb. 1.
Rock Salt. 2,
, Chalk. 2.
The proportion of protein to carbohydrate and fat, at
first 1 : 3 was reduced as the animals grew older to
1: 5. 5 in stages by reducing the proportion of fish.
To Group I was added 10 c.c. later 20 c.c. Cod Liver
0il per pig per day.
| To Group II was added 10 grams,later 20 grams, lard
per pig per day.
At the commencement of the experiment diarrhoea was
present in all snimals of both groups. To arrest this
the fish was boiled £rom 13/1/21. This had no effect.

From 4. 2. 2l. onwards bread was replaced by maize meal

and the diarrhoea ceased within 48 hours and did not

LY
recur.

Results.
1st Month.

Both groups sufrered fran diarrhoea from the begin-

ning of the experiment. At the end of the first month

diarrhoes was still continuing snd appetite decreasing.
The symptoms were yather more marked in Group I (Lard),
than Group II, Cod Liver Oil. Pig "Ne¢. 23 of Group II
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showed some abdominal distension, roughness of coat very

marked, loss of appetite and lethargy.
; 2nd Month.
During the second month after the change of maize

for bread the growth and appetite of both groups were
apparently normal though rather greater in Group I (Cod

Liver 0il) than in Group II (Lard).
3rd Month.
At the end of the third month Group I was definitely

larger and more &active. Group II while showing no

symptoms of disease were more lethargic with & tendency

to lay on fat.
4th Month.

puring the fourth month No. 23 of droup II (Lard)

ghowed gome stiffness in hind quarters and a tendency to

a stilted gnit. A1l the others of both Groups were

normal but Group I had silkier coats snd were slightly

larger.
5th Nonth.

puring the fifth month the relative condition and

growth continued as during the fourth month.

End of Experiment.

 On 13th May, 1921, the experiment was discontinued

because (1) The sSoOWsS had reached sexual maturity.
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(2) No definite symptoms of disease other than the
slight stiffness of git of No. 23 was evident and this
had shown no distinct development during the preceding
gix weeks.,

No. 23 was continued on the same diet wntil 19. 5. 21,
when it was killed.
post-Mortem Examination of No. 25.

All the signs appeared on naked eye exan ination,
ovgans
no_;'mal.
Bones. Nothing abnermal was detected in the bones
on naked eye exsmination. There were no haemorrhages
mder the periesteunm. There was no enlargement ’of the
joints. The epiphyseal line (lower end of femur) was
rggular and clearly defined and normal as compared with .
that of & pig of the same litter from Group IXI died
God Ziver Oil.
. Average Weights in Kilos.

Birth., Beginning of

Experiment .
16.11.20. |1.1.21. | 1.2.21.|1.3.21. ] 2.4.21.|15.4%
Group I. C.L.0. = 1.40 12.4 24.3 43,3 62.5 | 71,
Group II. Lard. 1.44 12.2 2l.5 37.9 53.9  63.
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On 15.4.21. NO. 15 of Group I received a traumatic

injury - a fracture of the femur.

The following figures

give the gaing in weight from 15.4.21. to 13.5.21. of

individual pigs.

Group I. (Ced Liver 0il) (No. 14
(No. 16

Group II. (Iard) (No. 17
(No. 20
(No, 23

-

11.8
10.8

Average 11.3

——

8.2
10.1
15.0

)
)
)
)
)

Average 11.1

The animals of Group II (Lard) appeared normal and of full

size for their age.

was that they were "fine healthy pigs" and

The opinion of several practical men

in prime condi-

tion, When compared with Group I. however, they were

inferior in size, the coat was less silky and glossy and

the animals were less active.

Conclusions -

(1) The basal ration appeared to be sufficient to maintain

health snd growth in the pig from :geven weeks

months of age, i.e., the peried of maximun growth.

wmtil six

(2) The pig appeared to be little susceptible to a

deficiency of Vitamin A.

(3) cod Liver 0il wdoubtedly stimulated growth as

¥

against lard.

(4) The low intake of Vitamin A produced no effect on the

bones.

(5) The results taken in conjunction with those of the

next experiment when I

jckets was produced on & diet with
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Lhet
10 c.c. Cod Iiver Oil per pig per day, suggested rickets

in pigs is not caused by a deficiency in Vitamin A.
It may be noted:
(1) The diarrhoea present in both groups in the first
month had probably no comection with an avitaminosis.
(:2)' ' In oriticism of the experiment it may be urged that -
CH (1) The amowt of Vitamin A grains (maize)
, isg wmknown.
f( 2) That the animals may have eaten the

st:&aw bedding and this may have

econtained Vitamin A.
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- BXPERIMENT II.
Influence of Vitamin C.

- - - - —— T R - - - 0

This experiment was undertaken to test the influence
of ¢ factor (antisqorbutic) on the health and rate of

grdwth of the pig.

Animals. Five pigs, seven weeks 0ld, all out of same

litter. /
Group I, ¢ontrol, Nos. 21 and 24,
| Group II, EXPerimenygl, Nog. 18, 19 and 24.
Method.

The animals were housed in two open pens on the
ground floor of the laboratory as in Experiment I. Each
group was given a basal diet designed to contain all the
factors except ﬁater—soluble 0. (antiscorbutic). This
was added $o Group I. (control) in the form of turnips
% 1b.,potatoes,} 1b. per pig per day. For Group II.
experiment the same quantities were taken but were boiled

for four hours to destroy C. factor.

Proportion.
‘Basal diet - patmedl «...ceee 100
‘ ShBl'PS e esc e oo 75
Blood Me81l ..... 175

Ma]'.'m1t6 sesases 0 20 grams n ”

protein Ratio =40, 1645
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No salts were given to either group.
Results. Pirst Pericd, 61 days. (2. 1. 21. - 3., 3. 21.)
There was no apparent difference in the two groups. NO

definite signs of disease had appeared but all the animals

were somevhat active and had legs appetite than normal.

The rate of increase in weight was rather under average.
The average weight of all animals was 31.2 kilos. com-
pared with 34.3 kilos for the average weight of nine pigs
of the same age from the same litter fed on mixed wncon-

trolled diet.
Weights in Kilos.

Table 2.
2. 1.21. 3« O.21, Increase.
’ l
Group T. No. 21. | 8.9 | 28.0 19.1
Basal Diet ) | o | |
AB& C ) No. 24. 10.6 31.2 20.6
Vitamins. ) [
| |
1
Group II. No. 18 | 9.4 | 30.4 - 21.1
Busal Diet ) No. 19 | 13.3 $ 3541 21.8
A& B . ‘* |
Vitamins. ) No. 22 im.v | 31.5 20.8
|
1st Month.

puring the first month it was noted that about half
8 pound of plaster haed been eaten from the wall of the

pen of Group II. The wall was therefore boasrded up.
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2nd Month.
On 8.3.21. No. 18 was found dead in“the morning.
It had been inspected at 6 p.m. on the previous night
on the usual evening visit and nothing abnormal noticed.

It had eaten a full mesal at 5 p.m.

Post Mortem.

Thisnwas carried out by Mr. Brown, M.R.C.V.S.,
Lecturer in Veterinary Hygiene at Marischal College.

The stomach was fowd full. There was pus in the
Regenteric glands, snd a small inflammatory patch at the
lower end of the lung, There was also acute inflamma-
tion in the upper part of the small intestine. A1l
the other organs were normal. The joints were normal,
There were no sub-periostesl haemorrhages.

Case of Death was diagnosed as septicaemisa. n

9, 3. 21. at about 10 a.m. No. 22 Group IX. (No. C-factor)

suddenly collapsed. The animel lay on its side with
ears cocked and eyes staring. There was loss of power

of the hind legs and complete loss of appetite. The
animal was quite unable to0 walk within an hour(ll a.m.)
All animsls had had a special axamination on the previous
afternoon by Mr. Browm, M.R.C.V.S. and had appeared

normal. They had also appeared normal at the moming

vish on 9. 3.21.
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The animal was isolated. A salt mixtuie as under
was added to its food and to that of No. 19 the other
animal of Group II. No., 22 gradually recovered. No.
developed no symptoms,

The experiment was accordingly altered as follows:=-

Group I. was continued as before A.B. & C. Vitaming,
No salts,

Group II. was continued as amended A. & B. Vitamins.
No. ¢ Vitamin.
Salt mixture added.
The bagal diet remained wnaltered.
Note to FPirst Period of Experiment.

It is interesting to observe the rapid onset of the
symptoms i.n No. 22, This is frequently found in feeding
swine on deficient diets, and American observers have
noted cases where movement precipitated the collapse, e.8.,
on the pig being taken out to be weighed.

The suddemness of the onset frequently leads to a
diagnosis of poisoning and it is not improbable that
similsr cases in other farm stock have a similar cause.

A Prench observer records several cases amongst horses in
Paris. These are frequently attributed to H.C.N. which
oan be isolated from various glucosides n'aturally occur-

ring in beans, etc. The evolution of hydrocyanic acid,

however, is practically precluded wnder normal gastric

sonditions (acid nature of stomach contents, etc.)

19



The actual collapse is probably due to the rapid
effusion of fluid into pleural and pericardial sacs, a _
fact often noted post-mortem. The part played by mineral
salts in preserving the tone of the body tissués should be

bome in mind.
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EXPERIMENT II. Second Period.

had 65 dax@o 10.5.2]-‘ - 13.502‘1.

lst Month.

In Group I.(A, B, & C, Vitamins, No. salts; both
animals steadily deteriorated in condition.

In Group II,(A + B Vitamins 4+ salts) No. 22 (which
fell ill on 9.3.21) graduslly improved to nearly normal
health. During this period it increased in weight at
the rate of 0.256 kilos per day, which is less than half
the normal rate of increase for a healthy pig of that age.
No. 19 (which had never been actuaslly ill) showed a marked
improvement in condition and repid increase in weight,

0.667 kilos per day, which is sbout the normal.

2nd Month.

In Group I. both animals continued to deteriorate in
condition and made little weight. By 24.4.21. No. 21
was wnable to walk, the bones were tender Q:handling, the
gkin was becoming dirty and the hair long and matted.

No. 24 was showing the same symptoms but to a less degree.

In Group II. No. 22 (previously ill) had considerably
improved and was putting on weight at the rate of 0.416
Slight stiffness of gait and reluctance

kilos per day.
to active movement persisted till the end of the Experiment.

No. 19 continued to do well and to gain weight at the same



46.

rate as formerly.

We 1ghfs in Xilos.

Tablﬁ 3.
| 11,3,21, | 13.5.21.| Gain.

Group I. JNo. 21 30.7 33,6 2,9
A,B & C Vitamins) S,
No added Salts )No, 24~ *+  ° 34,4 52.8 18.4
Group II. )No. 19 B _ | 39,7 | _8l.2 | 41,5 )
A & B Vitamins )No., 22 " 32.0 53.6 | 21.6
Salts added. ) '

No. 21 Group I. was killed on 13.5.21.

Post Mortem,

41l orgasns were normal except -
(1) $Slight thinning of the wall of the intestine (doubbtful).
(2) slight haemorrhages in pleura.

{3) Bones were'bvery soft. No haemoOrrhages were observed

in periostewm or at joints. The bone ma&rrow was
very red.
The femur and 8th rib were removed for an»‘alysis. The

leg bones were cleaned and the marrow removed and the

figures given are for the dry substance without the mATTOW.
The ribs werse dried without removal of the marrow.

The bones were then dried on the water bath, frag-
mented with bone f@rceps snd 1 - 2 grams wei ghed in a
small porcelsin crucible. The sample was then ashed at
a dull red heat till completely white. The crucible was
again weighed and the couantents dissolved in % H.Cl. Ca.
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was estimated as Ca. 0 by precipitation with ammonium
oxalate and titration against potagsium permanganste and
P as Py Oy by the wranium acetate method.

The following table shows the analysis of the hones:-

FRIUR.
Table 4.
No. of Pig.| Percentage Composition  Percentage COmpoOsi-
_ * of Dry Bone. ' tion of Ash.
el =i RS Bt
,Organici Ash.  Ca.0 |P,0 Ca. O PO
Matter. ﬂ &9 il
LA CLR N ESNE WRCIN S .
No. 21. 50,39 %49.61 | 26.75(20.08 54,00 | 40.48
- e | .
j RIBS. |
No. 21, 67.60 |32.40 |16.42| 12.95  50.66 | 40.0
T 1
| !

Histolological examination shows results as under.

Conclusions.

(1) The pig appears to be littie susceptible to
deficiency of Vitamin C.

(2) The condition produced, to a marked degree in
No. 21, and to a less degree in No. 24, both of which animals
were receiving Vitamins A, B, & C in abundance appears to
be due to a deficiency of inorganic constituents in the food.

(3) This condition appears to be that known as
"pickets" in pigs.

(4) This condition was not prevented by 10 c.c. per

pig per day of Cod Liver 0il during the 124 days of the
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experiment.
- (5) The condition of rickets in pigs is histologi-

eally comparable to that of riockets in other animals.
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EXPERIMENT ITXE3; Influence of Mineral Matter.,

Phis expariment was undertaken to determine the
influence on the health and rate of growth of the pig of
the addition of salts to a ration such as commonly fed,
by practical stocksmen and to confirm or disprove the
results of Experiment II. with regard to the association
of rickets in pigs with a deficiensy of inorganic constit-
uents in'the diet.

Animals. Six yug pigs, three in each of two groups comparable
in age and sex.

Method. The animals wers housed in two wooden pens with
brick floors, and outside runs also on brick floors. The
pens were 6 ft. by 6 ft. the outside rwm 6 ft. by 5 £t.
Each group was given a basal diet sufficient for growth
and rich in Vitamins A, B, and C. group II. received

in addition a salt mixture; Group I. (control) received.

no salt mixture.

The basal diet was as foliows:

Proportion,.
Sharps e ®ss s 00 e b. 1m.
eees e se 00 e 1" T
Oatmeal /6 120
B100d M6BL «..../s 22\0Z. 20

3
Marmite ecccocecsee 6% grams per day
b.

Twnips ...'.'....%l n L

L n "

Potatoas 0-0000'00%
god Liver Oil .... 10 c.c.
water was given ad 1ib.

n L]
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Po Group II. ration was added per pig per day the follow-
ing sailt mixture.
Calc. Phogphe.cco.... 20 grams,
Mago Slllph...o..oo... ‘0025 "
Pot. cal'b....o...-..c 0025 "
Ferric Chloride ece... 0.2 "
SOG.Q Chlor.-....--... ‘-002 n
There was in additien always before this group -
(1) A Box containing -
Bone Me8l cececeeeese O parts.
Rock ssalt Seccccss oo lpal‘t.
Gh.alk ® 06 0 ®® 00 e %0000 1Part.
Mag., SUlPhe.cescsoccrss %-pert.
Pot. carb.....-..iooo 2 Partl

(2) A box with a mixture of earth,ashes, bones, rock
salt and sulphur.

Resgults.
lst Month.

There was nothing to mark in the condition of the
animals or to differentiate between them save that
Group II. (Salts) appeared to be growingster.

2nd Month.,

fowards the end of the month there was a distinet
di fference between the two groups. Group I. (no salts)
showed lack of lustre of coat, excessive growth of hadr,
dirty skin, lethargy, stiffness in gait and a slackening

of the rate of growth.
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drd Month.

In addition to abow signs of malnutrition, deformi-
ties of the limbs became apparent.
4th Month.
The above gymptoms became more marked.

Average Weight in Kilos.

Table 5.

10.1.21. 11.2.21. 11.3.21. 11.4.21. 1lil.5.21.

Group I. no salts. 14.6 21.2 28.9 37 .8 44,6

Group II. salts

added., 14.2 27.0 39.0 55.4 | 74 .4

ol B

Pig No. 27 was killed on 13.5.21 showing the typical
signs of rickets in the pig &s previously described, though
growth, though slow, had not ceased.

post Mortem Examination showed all organs normal with the

exception of a slight thinning of the wall of the intes-
tinesg (doubtful).
The bones were soft, and could be cut with a scalpel.

The marrow was maerkedly red. The femur and 8th rib were

removed for analysis.
pig No. 31, Group II. (salts added) was killed at the
same time as a control. A1l organs were normal. The

bones were hard and well calcified. The femur and ribs

were removed for anslysis. The rib bone contained a
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large well calcified ceallus, the relic of an earlier

fracture.
The following table shows the result of the snalysis.

The bones were prepared as detailed in the previous ex-

periment.
PEMUR.
Table 6.
No. of Pig. DPercentage Composition Percentage Composition
‘ of Dry Bone. of Ash.
| Organic| 4sh | Ca.0.| By0, Ca. 0 ' P, 0,
e Matter., | R |
No. 27 43,80 | 56,20 | 29,60| 22.80 | 52.80 | 40.57
No. 31 | 37.69 |62.3L | 33.43| 25.73 | 53.37 | 41.10
RIBS.
Table 7.

—— - ——

No. of Pig. Percentage Composition Percentage Composition
of Dry Bone. of Ash,
ital R Mt lle- e B

Organic Ash Ca .0 P205 Ca. O P205
‘Mgtte;.>}

No. 27. 65,46 34,54 17.07 | 14.17 49,69 41.016

No. 31, 59.95 40.45| 20.60| 16.51 | 50.898 40.82

Histological Exsminstion.

Microphotographs of the lower end of the femur of each

pig are attached.
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These show the commencing disorganisation of the epi-

physical line which is so marked in No. 21 of the previous
experiment. No. 27 presgsented all the clinical signs of
“pickets in pigs", rough coat, slowing of growth, arching
of bsck, deformity of long bonesg and reluctance to move-
ment.

Gonclusions.

(1) On a ration of grains, grain offal and potatoes such
as a stocksman would commonly feed to growing pigs is a
deficiency of inorgsnic material,

(2) This deficiency is one and probably the main factor
in producing "rickets in pigs".

(3) This condition is histologically and physically very
gimilar to human rickets.

(4) This condition is not prevented by god Liver 0il

10 ¢.c. per Pig per day during the 120 days of the experi-
/)

= / e ————————— T
EXPERIMENT [V
In this experiment the basal diet was similar in

ment.

nature %to thet on which Mellanby (1918) produced rickets
in puppies, except that the fat was removed from the milk.
Oatmesl and rice were fed in equal proportions according
to appetite with an addition of 800 c.c. machine-gkimmed
milk per animal, i.e., about 80 c.c per kilo weight of the

animal at the beginning of the experiment and 10 (ten) grm.

sodiun chloride per pig per daay.
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Four groups, each of four seven-week-o0ld newly weaned
pigs, were used. The groups as before were comparable
with each other as to sex and litter, and the housing con-
ditions were identical,

In comparison with the milk of either the bitch or
the sow, Mellanby's basal diet is wery poor in protein.
Bitch's milk contains roughly, per cent. protein 10, fat
11, carbohydrate 3, and for the sow the respective figures
are 7, 5 and 3. All the food-stuffs of the basal diet
contain a much lower percentage of protein in proportion to
the other energy-yielding constituents than that present in

the milk of the species experimented on. To see whether
deficiency of protein has any influence, a2dditional protein
in the form of blood meal, i.e., dried blood, was added
t0 the basal ration of two of the groups to the extent of
one-sixteenth of the total weight of oatmeal and rice given.
mo the food of one of the two groups receiving the
ration only and one of the two receiving the ration plus
extra protein there was added per pig per day 20 grm. of
the salt mixture used in Experiment 1 plus 5 grm. calcium
carbonate. In 2ddition there was added to every 6 pounds
of mixture of rice and meal 80 c.c. 0f 10 per cent. sodium
hydrate - the approximate amoumnt necessary to neutralise the
excessive acidity of the ration.

The diets were therefore as follows:
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Group I. Group ITX, - Groﬁp”III. - Group IV,

Ration only  Ration + Ration + Ration ¢ protein

salts, protein + salts,.

Water was always.before the ahimals but'no additional
minersl matter was provided,

Results; During the first fortnight theAraﬁe of
growth of the two groups receiving the extrs protein'
exceeded that of the other two groups, During the second
fortnight the signs of malnutrition noted in Experiment I
became evident in Group ITI, and one of the animals died
on the thirty-third day of the experiment, The poét—mortem
examination showed ansemis and Patches of inflsmmation gnd
adhesions in the pleura of the lungs. Tn the third fort.
night the signs of disease noted in Group III appeared in
~“roup I, Towards the end of the second month two of the
three remaining animals of froup IIT were hardly able to
walk and were reluctant even to stand.  The remaining
animal of the group had acguired the habit of drinking
the urine of its companion, It was the last to show signs
of disease, |

The following tsable shows the average gains in weight
in the different groups during the first 30 days; Owing
to the death in Group IIT the averages for the second month

during which the experiment was run are not comparable,
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“UU TABLE VEEE.
“”AVéiageiéﬁﬁhé in Weight in Different Groups,

Tnitial Gain in Gain in

* Groups - - weight, weight, weight,
B , Kilos. 1st 15 2nd 15
‘ - days, . ~days,
| I. Ration only ‘ 9.8 3.2 3.4
TI. Ration + salts 9.8 3.1 4.4
III. BRation + protein 9.7 3.6 2.5
IV, TRation + protein + salts 9.8 3.5 4,9

- On the sixty-ninth day one.of the animals of Group
IIT was killed, The following table shows.the percentage
calcium in the eighth rib compared with that found in a

healthy animal of the same age,

7
TABLE .
Showing Percentage Composition of Dried Rib (Eighth)

Organic matter| Ash, Ca0. | PO, v

59.3 41,7 21,7 | 17.3 No.929 (Group IIT)

46,6 -] 53,4 28 .0 22,0 Normal gnimal Same age,
Conclusions,

(). A diet " as given by Mellanby for puppies, which will,
as he says, rapidly and certainly induce rickets within

six weeks in puppies, has a similar result in swine,




a7.

»

\

(2). The same diet with addition of certain inmorganic
constituente enables swine to grow rapidly and in
splendid health for 75 days.

(3)., The diet as framed by Mellanby contains an insuffi-
cienacy of mineral matter for the growth of swine,

(4)., Hypothetical substances such as Vitamin A, should
not be invoked till all the known reguirements of the
animal have been completely fulfilled,

In the introduction it was pointed out that although
Mellanby did not deny thaﬁnan adequate Ca intake was
essential for the development of growing bone he gave
no indication whate#er of the necessary amount, 1In
Special Report No. 61 he also mentions phosphorus as
a desirable constituent of the diet "plenty of phosphorus”
p. 75, but there is no mention of any other of the
mineral constituents, In his experimental diets the
only inorganic substance, separately supplied, is sodium
chloride, The fact that the supply of other necessary
mineral constituents such as iron must be adequate
beyond all cavil before any demands whatever can logically
be made for further unproved Maccessory factors™ seems
to have been overlooked, A comparison between the salts
addedvby McCollum and by Mellsnby respectively will

emphasise the point.
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MceCollum, ' Mellanby.
Na Cl...... cece.. 5,19 parts  Na Cl........, 1-2 grame
Mg.850, ...... . 7,98 n ‘ , v
NaHs POy ....... . 10,41 ™
Ko PO 28,62 "
Ca Hy (281, . 1 16.20 »
Ca Laetate teeses 09,00 ™
w

Perric Citrate.... 3,54
Todine trace,
The influenée of Ca is discussed by Mellanby at some
length in No, 61 but there is no discussion of the other
mineral constituents of the dietary. Even the organic
constituents are somewhat unusual in proportion; the |
protein ratio (1: 53) is very low for a newly weaned
animal, and he frequently refers to the striking improve-
ment in condition caused by the addition of small
quantities of lean meat., {p,37}.

The original work specifically done on the pogsible
influence of mineral matter, is given as an experiment
on one animal (400 were used in all) though calcium
phosphate occurs in certain other diets (influence of
exercise, etas,)

In this experiment (No, 122) a puppy six weeks old
was given 5 grams of Caz (POy)p daily in addition to a
basal diet of white bread ad 1ib, 175 c.c. separsted
milk, and 10 c,c, linseed o0il, The puppy developed

rickets within 10 weeks, Other observers, however,
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working on swine have pointed out (Ohio Bulletin)
(21l), that certain forms of calcium phosphate pro-
duced no increase in the strength 6f the bones of
sWiné'though this could be readily secured by the
use of other mineral supplenents (oaleium carbonate,
eta.) Considering the length of time that a puppy
will devote to mineral-containing substances such
as bone, when left to its own devices, further
investigation of the part played by the inorgania
constituents of the food of'this'animél would have

seemed jJustified,
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BXPERIMENT V.

This experiment was undertaken to investigate the
undoubted good effects of cod-liver oil in promoting
growth and to determine whether the superiority of the
growth curves in pigs fed on a ration containing»this
substance, as against others receiving & vegetable o0il,
over long periods of time, would continus. If so,
would the vegetable 0il result in cachexia? and if it
did would the characteriétics of the rachitic syndrome

be eventually evoked?

Animsls. 1liight pigs were taken, four each in two groups

comparable in age and sex.

Method; Phe animals were housed in two neighbouring pens
on the ground floof of the laboratory. Cement floors were
uSéd”aﬁd no bedding given. The animals were fed on &
basal ration devoid of A. factor. To Group l. (Control)
10 cc. cod-liver oil per pig per dayVWas given. 70 the

Bxperimental Group 10 c.c. of linseed oil.

Basal Diet
Grushed Oats. 2 1b. “
. , - \
1l oz. per pig per day.

Blood lieal
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10/ NeOH , 20 c.c.

o

ACaleium

3

Oafﬁaﬁété' " B greams.

.. 88l1lt mixture in food.

Bone Lieal 15 grams.

Mag. Sulph. 1.875 grams. :
' per pig per day.

‘Pot, Carb. 1.875 grams.

Ferric Chloride 1.5 grams.

On 27/6/13 the orushed oats % lb. was altered to £ 1b.
crushed oats and £ 1b. oatmesl as there was rather too
much fibre in the previous diet,

on 7/7/18% 50 c.c. lemon juice per pig per day was added
to supply (C. anti-scorbutic factor; though previous
experiments had shown the requirements of the pig to be

minimal in this respect.

Results. Pirst Lionth.

>The control group I. (cod-liver o0il) increased at a
diStinctly slower rate than the experimental group II.
(linseed 0ilj. Both groups were in good health.

Second Lonth.

‘The control group I. (cod-liver o0il) increased at
almost as great a rate as group II. (linseed o0il). Both

groups were in good health.
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Third lionth.

There was a ebﬁsiéérable'ihbrease‘in the rate of
growth of both groups though group II. was still doing

;ﬁeﬁﬁéf?than group I. Both groups were in goddrhealth.

Fourth lonth.

_' - Puring this month group I. (cod-liver oil) was
meking rather better progress than group II. (linseed
Qil) tpough below group II. in total weight.,

' The linseed o0il was omitted from the ration of
group II. for the last 10 days of this month to determine
whether the deprivation of this small amount of fat
(10 c.c. per pig per day) would disproportionately affect
the growth curves. The pigs appeared to suffer from
its withdrawal and in the continued experireht (5th
month) o3ive o0il was substituted.

- 4&s both groups had now run for 120 days in perfect
health, the experiuent was changed. The subjoined tables
give the results to date. Pig No. 106 (cod-liver oil)
and pig lo. 108 (linseed 011) were kllled and the bones

analssed as in Table.”



Initial

15/6/21.

Fig Ho., 118

Group I.

Cod=liver oil.

rig iio.
Group II.

Linseed oil.

Average Increase in XKilos per

110

63.

10.

Welghts in Zilos.

Initial |lst month |2né month [Zrd month|4th month
velghts. to to to 1o
15/7/21. |14/8/21. |1g/9/21. |1%/10/21.

19.8 49,6

[eN
fav]
o

10.6 22.7 37.6 92.9

Table 11.

do. of rig.

lst Lonth 2nd Lionth drd Lionth 4th Lonth

0.06 0.253 0.48 0.56

(Y]

rigs 106 and 1048.

nothing abnormal,

normal.

~he bone analyses are

- —IoeE = SRS St e U LS—

0.128 0.28 0.497

——— s T

0.49

Post-mortem examination showed
The bones of ecach pig appeared psrfectly

subjoined.
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Bone inalyses.

Rib (rry Rone; Ash Jontent.
Percentages. Ash. cagQ. £ 0. ‘ cad. 20 .

03]

rig. 106 4,8482 | 22,79 | 19.344
(Cod-liver
oil;.

05,04 45.14

rig. 108

(Linseed £9.71528 | 86.22 | 20.79 b2.,9%4 41 .82
0il,. |
i . —
Temur.
Ash content.
rig 10¢ | Ash. CaQ. 2O . cal. £ U .

(Cod=1liver
211, 63,98 24,68 | 26,24 5%.64 41.01

rig 108
(Linseed _ _
Uil,. 64, & 4,21 | 26.58 55.14 41.208

l
) !
f
|

he experinment was continued using olive o0il. This
was added (20 c.c. each pig; on 22néd Qctober (9 days iuto
2nd month,. The chenge was made since certain workers had
claiued to have detected traces of vitamin A. in linseed oil.

This chenge did not apparently suit the plgs,and group II.
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after an initisl improvement began to lose ground in com-~
[w=] [l

parison with group L.

Fifth lonth. 13/10/2L to 12/11/21

There were now three pigs in each group. On 7/11/21

E=

the experimental group d1d badly on olive o0il and a

re-adjustment of the diet was made as under

Bran. 1b.
Oatmeal + 1bs.
Cele. Cerhonate - 24,85 grams
Cale, Chloride 7 grams.
sod. Hydrate - & grams.

Sixth Nonth.

On 1/18/21 one af‘%h@,piga of the experimental Group II.

which hed gone off its feed was transferred to group I.

(cod-liver oil) and sfter several days slowly began to
~mmprovm. |

On 13/12/21 Fig No, 110, which had become cachectic
and had ceased to grow, was killed, Specinens were @dk”ﬁ
to Dr, Da Fsano Gf;&img‘g Gellﬂg@, xaﬂéOﬁ for a full

hi%talegiaal r@gdrt which is appended (Appendix I.). 0B

{"Q

this date the remaining pig of this group, which had now
gone off its feed, was transferrsd to group I. This

enimsl also, .after some days began slowly to improve.
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aAverage

Lable 19.

Yelzhte as before,

€54, .

do. of rig.

rig 112

god=-livsr Uil

rig 110
Olive 01l

Average Incregss

12/10/21 12/11/21 12/1%/21.
49.6 65.6 87.1
52.5 57.9 g, 1

Table 14,

in Kilos.

Ho. of rig Pifth .omtkh 1Z/10/21 Sixth wonth 1z/11/21
to 12/11/21. to 12/12/21

rig 118 0.56 0.72

Pig 110 0.17 0.06

Pig 110.

lry Bons (Percentaze Composition)

Table 15,

Phe subjoined table gives the
aib.

hone analysis.

Ash (Zfercentage Composition)

Ash.

Qrganic lLiat ter.

57.42

42.58

ca0. [£o0. -
22.%1|18.04

572 L 40

Lay. £

l l
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Qrganic Latter.gfsh. Sab. | £50, cag. £50,
28.65 {61,951 ¢2.43 | 25.51 52.86 41.6
¥ - - e

These results show no divergence from the normal compo-
sition of the bones of swine.
The very full report of Tr. e Famo (Appendix I.) shows

that the nerve gnd bone tissues were nerfsc

Fiy

cF

1y normsl and

in particuler that not & trace of any rachitic lesion could

be discovered. He comuents, indeed, upon the hardness of the
bones; & point of interest, since the bone analysis makes it
evident that this was not due 10 an unusual proportion of

lime salts, The bone analysis is also interesting since it
shows that the ani a2l though receiving added calcium saltls

for many months, did not éass the optimum point of deposition

of lime in bone.

conclusions.

(1) %he basal diet of grains and grain offal plus cod-
liver o0il permitted growth andé health for an indefinite
period.,

(2) The hasal diet plus linseed 0il permitted growth
and héalth for an indefinite period.

(3, The cachectic condition caused by olive 0il in
group II. and cured by cod-liver oil had nothing in comwmon

with the rachitic syndrome.
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(4) The pig, though a rapidly growing animal laying
down ruch bone, is apparently able to do with very little
vitamin A, if the mineral constituents of the food supply

its requirements.

GENERAL REVIEW OF EXPuURILENTS I - V.

These experi.ents proved gqualitatively that the
rations usually fed to swine msy be deficient in mineral
matter, that this deficiency produces a rachitic condition,
and thet this condition does not ariss, however long or
severe the deprivation of the hypothetical "Vitagdn A" if
mineral matter be supplied in appropriate quantities.

These results receive confirmation from the work done
on swine by Zilva and othérs(zgﬂo found that the pig can

continue to grow for at least 70 days on a synthetic diet

with no A. Factor,
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PART 2,

eaan$é$a£iue Metabolic Experiments,

A series of experiments was undertaken to test various
points which had arisen in the couree ofvthe previous work, ae
under:

I. To determine the calcium retention of the Pig,

IT. To determine the effect of added calcium salte on the
calcium retention. |

III; To determine the effect of added calcium salts on the

~ phosphorus retention.,

IV. To determine the effect of added phosphorus salts on the
calcium retention, 4
V. To determine the effect of added organic substances (fats)

on the calcium retention.

METHOD: The same method was used throughout the metabolic experi-

ments and the following description mutatis mutandis will apply
to all,

The pig wae placed in a metabolic cage, It was fed by
hand thrice daily, and distilled water to appetite was given at
these times, The ration wae made up in amounts which would be
entirely consumed, The substance whose action was to be in-
vestigated was added to the ration on the morning of administra-

tion and the food made up to a semi-fluid consiestency, By giving
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the drinking water in repeated washings of the food trough a
complete consumption of the food was alwayes obtained, Only in
one experiment (low phosphorus diet) was any difficulty en-
countered in getting the animal to coneume ite full ration,

URINE: The urine was collected throush the false floor of the
cage, draining into a jar in the usual way,

FAECES: The faeces which were firm and well-formed especially
during the administration of Ca &salts were collected from the
£loor of the cage, An anal bag was tried in the first ex-
periment, but subsequently discarded as it anmoyed the animal,
The pig,left to ite own devicee,usually defaecates in one corner
of the cage and pays scrupulous attention to cleanliness,

WEIGHT: The animal was removed every morning and weighed; mean-

while the cage floor wae washed down with distilled water and
the washings added to the contents of the urine jar for the

previous day.

ANALYSKSs A complete balance of excretion was determined for each

day. The foode to be used for the period were analysed and
the bagal intake thus ascertained, Total nitrogen, calcium
and phosphorus were determined for both urine and faeces with
certain other determinations for other concurrent experimentes,
The nitrogen is given throuchout as N; the Ca as Ca0; the P.
as Polg. Total nitrogen was determined by the Kjeldahl

method = Calcium by precipitation with ammonium oxalate and
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titration - phosphorus by the uranium acetate method or pre-
cipitation with ammonium molybdate and subsequent weighing

iletabdlic Experiment I,

0BJCT: 1, To determine the calcium retention of the
pig.
2., To determine whether the acid nature of

the food adversely affected the fg retention,

HETHOD as above:

Animal - pPig Wo, 42, Weight at commencement of experiment
58,2 kiloe,
Weight at completion of experiment
A0.2 kilos,
Ca O given in food 1.792 grams.
Ca O added (as Ca Cl2) 2,578 grams,
The Table subjoined shows the amount retained over

a 16 daye estimation,

Table 15,
Daye Ca O Retained (grame vper day)
Pre=period 1 + 0,118
Ca0 intake
per day, e
3 + O ° 568

4 + B.47
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dave, Ca O Retained (srams ner day)
( 5 \‘ e ® 4“9
( |
(R E oo
( ;
(7 { 3.42 )
( )
gﬂ 2,93 ; Food neutralised by
((9 | 2,43 ) added MaOH
EXperimental (10 ‘ 2,45 )
( - )
Period (11 . Z.21 )
m— O F———
Ca@ intake 4.37 (12 ‘ Z 07
/COEEIIRISEN SIS -
grame ver day., (13 3450
(o
(14 %,18
(o o
(15 2,758
[ A o
(1a ; 3,58

From the 7th to the 1lth day inclusive, the food, which
was strongly acid, was neutralised by the addition of a OH +o
determine whether the calcium balance was thue affected,

Ag will be seen by the table of averages below (Table 17) the
retention was rather adversely affected, and this was accordinc-

ly discontinued,
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Table 17,
Retentions, Averages for the period of the experiment
( . h

I g IT. | ITI. v,
Pre-period | Added Ca O | Added Can Added Ca0
(Low Ca | | (Food neutraliced) | (Food not neutral-
_Intake) | & ised,)
grame, 0,2204 | 53,1499 2,803  B3,2183

- . . a2

RLSULTS: 1, A pig of 55 kilos weight can retain, over a period

= s gt

of more than two weeks, at least 2,5 to 3 prame of
Cal per diem,

2. The neutralising of the acid food adversely affects
this balance,

Note: The decreased retention of calcium on the addition

of NaOH indicates that the acids, being organic, are mostly
destroyed in the stomach, and that the extra sodium tendes to

remove calcium from the tissues or to prevent its absorption,
Full detailes of thie experiment are given in Appendix TIT,

DISCUSSION: This exveriment showed that a growing pig could
retain large absolute quantitiee (3 grams and upwards)
of Ca O per day, On theoretical grounds thie seemed
not improbable since the amount of Ca 0 retained per
100 grams of live weight increase is reckoned by Oscar

Wi,
Loe%Aag 1,2 grame for the human infant, Taking 17

ag a rough approximation, a pig laying on ,5 kilos
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per day ( a very ordinary gain) would require sooner or
later Ca0 at the rate of 5 grams per day ef this inorcese
for full satisfaction of its calcium requirements,and the
insieteﬁce laid by pig-keeping manuals on the neceseity of
an earth box for growing swine ghows that this point had not
escaped the notice of the clinicians.

Since those large retentions were theoretically poseible
and indeed imperative, experiment II was undertaken to de-
termine whether retentiona up to the theoretical maxima took

place in actual fact,
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EcD. 45.

Metabolic Experiment 1ITI.

OBJECT To determine the effect of added calcium salts on

the calcium retention of a growing pig.

METHOD? The pig wae kept in a metabolish cage as above,
BASATL, DIETS ‘
Oatmeal 250 grems

" sharps" 250 M
(Grain Offal)

Maize 250 "
Blood Meal B0 "
Potatoes 2850 "
Cod Liver

0il 10 ec.c.

The foodstuffs were analysed and their minersal
and nitrogeneus content determined, The plg weighed
15.2 kilos at the commencement of the experiment and

19.4 at the glose, 24 days,
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E.D. 48,

LSULTS: The results are shown in Table IT, gub joined,

Table 18,
No, 83 Pig,

Day Ca0__Fed Ca0_Retained, Intake,
1 852 - 0.0027
2 .A52 + 0.1900
3 .B852 + 0.0484 Diet only,
4 «852 + 0,1357
5 .B52 + 0.13800
8 3,152 2,5938
7 3.152 2.0352
8 5.152 2.2430 Diet plus CaCl, 10 grams
9 5.152 2.2185 (2.5 & ca)
10 5.152 2,3941 grams
11 3,152 1.4R51
12 4,402 $.,0438
13 4,402 2.8583
14 4,402 2.4038 Diet plus'Caclp 15 grams
15 4,402 2,R369 3,75%, Ca0,
16 4,402 2.R031 Frams
17 5.652 5.5776  Diet plus CaCls 20 grams
18 5.852 2,8470
19 5,652 5.,0200 5 grams Ca0.
20 0.652 - 1.5583
21 0.852 - 0,105
22 0.652 + 0.,1379 Diet only,
24 0.852 + 0.1032
25 0.852 + 0.1524
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Table 19,

Intake, Retention,
Averages Period I (0.652 grams) 0.1043

" I1  (3.152 grams) 2,0708
11T (4,402 grams) 2,.5855
1v  (5.852 grame) 2.,9335
) 4 (0.852 grams) 0.1292

:2T 23

CONCLUSIONS: A growing pig of between 15 and 20 kilos is able

to retain as much as 3 grams of Cal per day.

DISCUSSION: It will be observed that of the first increment
of Ca0 (2.5 grams) 80% wae retained; of the second (1.25)
40%; of the third (1.25) 307; chowing that although re-
tention wae lessening for the later incremente, the limit

ke O "k*n“v-,:&
ofﬁzgloration had not been reached, sy et ot e

e b e B [
A e dramedn w

It is noteworthy that the prompt return of the
‘excretion to a figure similar to that of the pre=period
showé that the large amounte of Ca retained were at least
temporarily in combination with the tissues.

I have permission to quote from a joint experiment
by Dr., Orr and Mr, Husband the following unpublished
Tigures from a "fish-meal" feeding experiment in general
support of the contention as to the large amounts of (a0

retained by growing swine,
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Ca O_given in food,

s s
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20,

Ho, 23,

Ca 0O Balsnce,

1. 0.852
2 0.R52
3. 12,044
4. 12,244
5. 12,244
5. 12,044
7. 12,044
.. 0.A58
9. 0.652
10, 0.652

0.1032

100 grame per day,

5.88092 "miah-meal" added,
4.@124; Fish meal containg
] about 20 ver cent

calcium pnhosvhate,
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There were of course many other factors influenc-

ing the retention

S

,»umkgsgdes the extra qugntitieé of Caj;
the phosphorusaintéﬁé*for instance was raised by the ad-
dition of the fish meal from 6,86 grams to 17.37 grame,
The proportion of the two elemente, Ca and P, was probably
in close approximation to that required for the optimum
retention gince their presence in filsh-meal is derived
from the finely ground fish-bones, The point is here
that this large amount of Ca0 was actually being retained,
since pn the third day of the post-period the excretion
had fallen to 0.66 grame and the negative balance to

0.0078 as against an excretion for the pre-period of

0.54 and a positive balance of 0,125,
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Table I1IL.

A further table from & joint experiment, (Elliot,
Husband & Orr) (on the addition of calcium lactate,
sodium Phosphate and fats) illustrates further the

reality of these high retention.

DABLE 21.
Day of Experi- Cag Intake. Ca0 retained. Pig 83.
ment .
1, L 0.76 | -0.2478 }
2. l 0.70 | =0.09 ! Diet only.
8 ‘ 0.76 | =-0.11l22 ;
PR Y e e ———————— ..ﬁ?, e ——————————— ? .

4. . 4.51 | 3.4876
5, ; 4,51 { 5.04b¢ % Diet plus 20 grams
6. 4,51 } 5.00645 | Calcium Lactate.
7. 4,51 i d.84&8 38.75 grams Cao.
B ’ 4,51 ; 5.2458 7 ‘
9. 8.26 C 7.102 ' Diet plus 40 grams
10, 8.26 } 6.3928 Calcium Lactate.
1l. | 8.206 ; 5.6013 ? 7.5 grams CaQ.
lz. ; 8.47 L 5.9277 | Diet plus 40 grams Cal-
13. ‘ 8.47 6,99 . cium Lactate, 7Plus 10
14. 8.47 ; 6.57 | grams Na,P04, Plus in-
15. ' 8,47 | 6,01 | creased Yood.

) ! 1
17. | 0.97 | =0.0468 | Diet only.

i

The rapid decline in Ca excretion is noteworthy,
proving again that as the faecal contents were eliminated.
in the first 2 days of the post-period, the excretion of
Ca returned to a figure comparable to that of the pre-

period - i.e. that these large retentions remained built

into the body tissues.
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Bxperiment IIL.

OBJLECT ¢ 70 determine the effect of added calcium salts on

the phosphorus retention.

METHODS The methods used were as above and the deter-

minations were carried out during Experiment 11 of
which they formed part. They will be found toge ther
with sxperiment L1 in the Appendix, but have been here
separated for the sake of clearness.

The food contained 6.869 grams P205 per day, which was
a counstant. The veriations therefore for Periods [,
IL,LLL, IV and V are attributable to the veried amounts

of Ca salts added to the food.

RESULLS:

n
ereocl T

IPQ'NooL i

Table 2%.

Influence of Ca0 on & P consteant Diet.

Po05 in Food = Py05 retained. pig 83.
1. 6.869 4.45%
2. n 4.68;
3. " 4.20) Ca0 in Food 0.652
4. " 4.113
5. " 4.14 !
6. mo 5.’1"9{ N
7. " 4.44;
. " 5.03)
9. " 5.153 ca0 in Food 3,152
10. " 5.45§

11. = o %.22
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Pable £2 (Contd.)

Po0p in Food. P205 retained,
12. 6.869 4.90)
rod TIT 13. " 5.243
14. " 5.11% ca0 in Food 4.402.
15. " 5.15;
M;G' " 5.ll§
‘ 17. L 5.07J“’
rod I o " 4,61 Cag in Food 5.65.
19. " 4.90;
| 20. " | 4,31
21. " 5.42;
nod W 2. " 3.93) Ca0 in Food 0.652
26, n 5.553
£4, n .78

|
‘

Average Ketention P205
Period L 4,52 LV 5,22

II 4.85 V. 9.75

II1 9.1z
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DISCUSSION:

It is extremely interesting to note that the P205
retent ion not only shows a clearly marked rise with
increase of Ca0 ingested but falls off rapldly when the
ingestion of these large amounts is stopped. Thus the
retention in Period IV (Ca0 in food 5.65) is 5.22 and
comes down suddenly to 3.75 on the withdrawal of the
added Cs in Period V (Ca0 = 0.652) & reduction of
1.47 grams or nearly 304,
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EXPERIMENT IV.

OBJECT: To determine the effect of added phosphorus salts
on the calcium retention.

METHOD : The methods were used as sabove. Special 4iffi-
culties presented themselves in this case owing to the
impossibility of producing & low PhOSphorﬁs diet which
is not at the same time & low calcium diet. This diffi-
culty has been encountered by all previous workers and
notably by the Ohio School (Bulletin 6, 1914). This
difficulty was met by adding & fixed quentity of Ca0
in the form of calcium chloride (2.93% grams CaQ). As
it was possible that the subsequent addition of sodium
phosphate would lead to the formation of calcium phos-

phate in the food, and unintended results in the power

of absorption of the salt, the phosphate, in the form of

sodium acid phosphate, was added to the ration over night

and allowed to soak well in while the 03012 solution was

added Just before feeding.
A further difficulty, which is inseparable from the

low phosphorus ration, was encountered in that the pig
is extremely intolerant of @ low phosSphorus ration, and
tends to go off his feed. More than one diet had there-

fore to be tried, and 14 days prior to the day taken &as

RS ettt

commencement of the experiment were discarded. The pig

wag thus under full excretory &nalysis for 24 days during

811 of which time he was on & low phosphorus diet with
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the exception of the 5 days of added phosphorus. buring
these 5 days he improved greatly in condition and became
voraciously hungry, though he fell off again Z days after
the withdrawal of the phosphorus, The low condition is
shown in the weight curve which only rose from £3.8 kilos
on the 1st day to 28.7 on the Z4th an increase of less
than 5 kilos, At the conclusion of the experiment the
sodium phosphate was restored to his ration and in 7
subsequent days he increased by over 1 kilo per day, re-
lapsing again when the added phosphate was withdrawn.
RoSULT: The result of adding increased phosphorus on

the constant Ca intake is shown in attached table 25.

Table 29,

Influence of Na2 HP O4 on a8 Ca constant diet.

cal in Mood. CaQ retained.

. $.9167 2.110;

" 1.016) Py05 in Food 4.86% grams
)
)

7 P05 in food 8.843 grams
8 " 2,005
9 K 22608
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ca0 in Food. Ca0Q retained.
10. ~ 3.3I8T 1.575)
11. 3.3167 1.882;
12. " 1.595; P,0p in food 4.863 grame
13. " ‘ 1.997;
14. " 1.813)

Average Retention Ca0 - b6 days periods.
Period I 1,687

Period II 1.886 Increase 0.119

Period III 1.772 Decrease 0.114

- DISCUSSION: The table of averages shows & slight but quite
definite increase of the Ca balance or the substitution
of high phosphorus for low phosphorus (0,199 i.e.
practically 0.2 grams Ca0 per day) and evident decline
is meanifest on the withdrawal of the added phosphorus
(0.114 grams Cap) for the 5 day period. The experiment
could not have been prolonged beyond this as the pig was
already showing loss of appetite, and indeed declined in
weight for two days after conclusion of the experiment.

For greater exactitude the d&ta for the last 5 days
of each period have been &nalysed since the first two
days are inseparable from the fallacy that the intestinal
contents of the lower end of the canal, which &re passing
out, are different.from those of the upper end, which

contain the salt added. This fallaecy tends to cancel

y
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Ltself out in the subsequent period but, as will be seen
in the subjoined table, the sctual curve rises more steep-
ly than the 5 day period would reveal. It is &also more
gradual in its fall, and this agein is in asccord with

the clinical signs which show a rapid improvement on the
administration of phosphorus compounds and & more gradual

decline on their withdrawal.

Table 24.

Average Retention C;a) - Last & days periods of each

Section omitting the first 2 for adjustment of faecal

_[ excretion. Ca0 intake constant, phosphorus added in

LPeri.od II.
S

Period 1 ’ 1. 54b5
Period II | 1. 9079 Increase 0 4604 grams per day.

Period ILI| l 8008 Decrease 0.1061 grams per day,
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Experiment V.

OBJECT: To deftermine the effect of added organic substances
(fats) on calcium retention.

METHODS: The methods were used as sbove. A low Ca intake
wag devised, in order to show more cleariy the results of
eadding fats. It is noteworthy that the pig showed great
tolerance of this low Ca intake, continued to grow, and

remained in good condition.

DIET: Grams,
Sharps 400
Oatmeal 400
Maize 400
Potatoes 400
Blood Mesal 50

WEIGHT OF PIG: The pig weighed 27.8 kilos on the first dey
and 40.3 kilos on the 33rd (concluding) day of the
experiment . The results are shown in the subjoined
table; owing to the lengh of the experiment (33 days)
averages only are given.

In Period I basal diet was given; in Period II
basal diet and cod liver oil; in Period III basal
diet and lard; in Period IV basal diet and linseed
oil; in period V basal diet omly.

The calcium intake was not altered and remeined

at 1.0618 grams C&0 throughout the experiment.

N
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Table 25.

Basal Diet.| Cod Liver 01}. Lard. | Linseed Oil. Basal Diet
| | |
‘E |

!

%
1 |
Grgme Period I | Period II  |Period IlL | Period IV |Period V.
0. | | |

Grams Cal x j ; i
Average = 1.0618 . 1l.0618 11.0618 . 1.0618 11.0618
| i é
Intake ‘ { ;
per_day. s |
| i

Grams Ca0 } ;
Ketention 0.1769 . 0.4531 10.56465 0.7820 1 0.6389
per day. @ 4 :

|

]

S e

s cmame

CONCLUSIONS:

(1) The influence of fats in promoting & Ca retention
is strikingly manifest.
(2) The superiority of cod liver oil is not apparent
and indeed linseed o0il in this experiment coincided with
the largest retention.
DISCUSSLON : |

The increase of retention, by the administration of fats
might almost be said to show Ca as a fat soluble, growth-
promot ing substance.

The high retention on Linseed oil may be due to a
cumulative improvement in the animel's condition. It

will be observed that the high Ca retention persists
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throughout the three days of $hebp§stipériod.

It is interesting as & general point to contrast
fhe long tolerance of this pig for a low Ca diet as
against the previpus expeiiment where & much shorter -
period of low phosphorus caused signs of ill-health.

One is led to remerk on the strange coincidence
that animals are supposed to have the power of storing
Vitamin A in considerable quantity while Vitamin B cannot
be stored. It is mathematically certain that this pig
coul&i:;ve laid down éﬁ;§0portion of fully calcified bone
dur ing this period since he was only receiving in all,
during the whole period, .27 grams Ca0 in his food for
every 100 grams increase of body weight added and the

utilisation was only about 50-60% of this.
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NOZE TO METABOLIC EXPERIMENTS.

In these tables only the gross data have been
dealt with. Appendix II contains the complete
me tabolic data for the five experiments, The other
data from the tables showing the influence of the
alteration of salts both in absolute and in relative
guantities on the method of excretion are also of the
greatest interest. Graphs showing these will be found
in Appendix III. |



SECTION II,

O0SSEOUS LESIONS IN OTHER ANTMALS

WITH A NOTE ON RICKETS IN THE

HUMAN.
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SECTION II.

OSSEQUS LESIONS IN OTHER ANIMALS,

Osseous Leéions of a chroﬁio progressive naturé
oscur in many species of domesﬁicated animals,

Hutyra and Maréf¢ggve the animals most frequently
affected with "rickets™ as “young pigs, puppies,
lambs, and kids; calves and rabbits much more rarely;
birds may also suffer from this disease.”

The data recorded concerning the physiology and
dietetics of the young of these animals, both by clini-
cal and by laboratory methods are second in extent and
in importance.only to those recorded for the human, and
in many cases not even surpassed by those, There are
iiterally millions of experimental facts recorded aboﬁt
milk'cows and cow-milk, yet in spite of the fact that
there are many thousands of years of trial and error
to guide us in the problem of using the milk of this
species for the young of our own, the problems are not
yet all cleared up, though human milk may be st will
obtained for comparison,

Compared with these, the physiology of the labora-
tory animals is uneiplored territory. There is not =

single exact estimation recorded as to the milk of the
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rat, mouse, or guinea-pig, on which so many growth,
i.e. weaning, experiments have recently been per-
formed, The amount, specific gravity, fat content,
protein ratio, ash content, carbohydrate quantity,
are all alike unknown,

Observations made on these small animals are
therefore relatively of little importance for nutri-
tional work on problems of growth, since we have
neither clinical nor experimental evidence as to the
food to which we desire to approximate, This review
therefore will deal first with the pathological bone
changes in animals of whose physiology we have at
least a partial knowledge, before psssing to the
lesions of animals concerning whom the rudimentary

physiological data are not as yet ascertained,



@. SHEEP.

Next to the pig the farm animsl most’frequently
affected in this country is thé sheep, The con-
dition in this animal is of great importance singe
the numbers in these islands are very large, '
(23,000,000) and are kept in conditions more closely
approximating to the normal habitat of the species
than thosé of any other domesticated animal,

Investigaéion of the bone lesions of the sheep
has proceededAfor the purposes of this resesrch for
the last eighteen months, So far only a genersal
survey lias been accomplished since all availsble
time was devoted to the foregoing work on the pig.
In addition, suitable experimentsl animals for
growth investigations come on the market normaily
in avtumn, and by this time the sheep are large and
grow slowly, It was not thought justifisble to
take lambs and feed artificial diets to them before
the time at which this is usually done by practical
men, since this involves losing the benefit of the
great mass of observations, which farmers have
collected, on sheep passing through the dietary

transitions which, by the process of trial and error

93.



for many hundred years, have been worked out as
desirable,

It was only in autumn, 1921, therefore that
a sufficient naked-eye and low-power survey had
been completed to warrant the use of a higher
magnification, Sixteen sheep, in three groups
and a aontrol, have been under experiment since
October, 1921, but results are not anticipated
till April or May.

The following facts, however, have been ascer-
tained in this preliminary survey.
(1) The condition occurs in young growing animals
both in sheep kept in the open, on grass, and in
sheep houses, artificially fd.
(2) The signs presentéd to the shepherd are loss
of appétite, lethérgy and bending of the long bones,
The lethargy is not excessive, There are few signs
of pain,
(3) Regovery is usual, and animals which hsgve
recovered, though permanently deformed, are still
highly esteemed and in the case of rams are used
without misgivinz for breeding,
(4) Male sheep are the most frequently affected

(5) The condition is universally attributed by

94,
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Shecp AvB. Sic page gt

These two rams born April 5, 1920, were reared in
the country without srtificial food, They were V
sent at the sge of 7 months to winter in the Tay-
side ares, .Theylﬁormed part of a lot of 30, all
of whom were kept out-of-doors &ll winter and re-
recéived no artificial food of any kind. A lsrge
proportion developed rickets, tﬁé condition
appearing insidiously between the ages of 7 and 12
months,

In the spring they returned to their own farm
and recovered, These sheep were used for stud
purposes in November,

The sheep were on "heavy land™, lst year young
grass, all winter,

Tn other cases csheep (mostly young rams) being.
fed under cover with concentrated food, may develop
rickets, These conditions do not differ Essentially
from those under which the disease arises in the pig
and in the infant,

Sonclusions,

(1) It ie not yet certain whether rickets in fhe
sheep bears a close resemblance histologically to

rickets in the human,

(2) Rickets in the sheep can arise on a diet in

all poss ible Vitamines (grass).
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(3}  Rickets in the sheep can have no relation

to an avitaminosis,

e - - - — - -

The special feature of interest in the ocase
of the sheep is the case of out~of~doors;’grass-
fed rickets.,  Since neither vitamines nor housing
can have any influence it is interesting to con-
gider the possibie influence of mineral matter,
There 1s only one source of mineral matter for the
sheep (eince it is not, like the pig, a rooting
animal) and that is the herbage which 1t consumes,
The plant, however, is the analysis of the soil on
whiéh it grows, and deficiencies or excesses of any
mineral constituent in the soil are forthwith re-
flected in the vegetation upon it. The plant,
which is a biological unity, is not a chemical unity
.and even the cereals vary within very wide limits,
‘Indian corn is given in the official ash analyses of
the U.S.A, department of agriculture (37) (Exper.
Station record 1898, P.372), as totally devoid of
chtorine, (0.00). It is given in the Ohio State
analysis ($8) as containing 0,073 Cl. per cent of

dry substance, The importance of such a factor in



99.

estimating the vitamin destroying power of NapC0y and
Wa Cl respectively in makiang corxn bresad as was done in
the Spartanburg County enguiré?%ggy be imagined, The
Ohio workers give a table of mineral elements of wheats
variously fertilised showing variations even in such an
essential constituent as organic phosphorus from ,318
per 100 of dry substance (for whest from a nitrogen-
potassium fertiliser) to ,380 for unfertiliéed wheat,
& variation of nearly 207. Thece mineral differences,
fhdough tiny in themselves, reach considerable amounts,
in the cumulative result of meny months feeding,

Since these variations exist even in the seéd, the
leaves haturally show g much widexr range of variation,
One table alone will demonstrate the point, an analysis

carried out on carrots A% Riga., (37).
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CARPOTS: A5 AVALYSIS,

J0d- Tal- Thosp.,sulvh, ™,
Ash Pot ium cium A,
Czide Oxide Oxide Yg.0. .0,

W, Pertiliser,
Leaves. 15,727 |.66» 1.89 |4,58 }1, S 1.5 o4 ,47r 2,27
R?Qts %ﬂ62 { .02 g 02O | .28 .02 | .48 °25| 1,956
Potassium Chloride_ | | -
Leaves 18.06 5,13 SOl 4,02 .61 i'l .08 | J76 | £,19
Rogts 9,07 4,10 .22 200 .18 ;,15 .00 | 26| 2,02
Sodium Chloxi&e.-‘ ) ’ H - a
Leaves 20,6 .82 | 4,75 4,46 |1,07 | , 15 ]|,.,61 | ,66 | &,61
Roots -» %,79 5 ;95 i;éé' 4,35T’ ;5%” ;02’ ;7ék ;24 2,43
Note: Oonsﬁancy of 0s and Lg, and wide variastion of ¥. also

to some extent of Pe in lesaves, Also replacenent of "a by ¥,
Buckner in the Journal of the Americsn Chemical Society
rives two analyses of crab grass (Digitaria cSanguinslis), one
of a plant growing on a garden soil and the other of a plant
growing on a limestone roadway, The plant on the limestone
roadway contained 18,8 less Kg0, 22,7% more Py0g, 449 more
0a 0, and 27,5 more Mz0. The totsl ash wss 16/ less,
There was no observable difference in their external mppearsuce,
The work of Theiler (%9) and others on lamziekte in South Africa,
demonsgtrates another point, They found grass Iin the same area
but at different seasons of the year to vary from 0,087 of

Pgo to 0,56%, a difference in phosphorus content of 700 per cent,



101,

It is impossible to do more at present than to
indicate thellines which it is hoped may lead to re-
sults, but the fact that from the mineral standpoint
the plant is the ansalysis of the soil and the gramini-
vore the analysis of the plant, is full of sighificance,
considering the extraordinarily heavy death rates, from
obscure nervous and othér disease, of sheep on certain
goils in Scotland,

In The West Highlands of Scotland, for instance,
sheep stocks have a death-rate so far above that of
normal areas that specially great impoxr tance is attached
to the usuél contracts entered into between landlord and
tenant binding the tenant to hemd over, and the landlord
to receive, a given population of sheep at the end of the
lease, If the ™acclimatised" stock were removed from
the area, the incidence of sickness upon a new stock
introduced would not only absorb the entire surplus for
perheps 12-15 years, but would require the purchase of
large annual contingents merely to maintain.fhe existing
numbe rs, The value of the small and ill-bred stocks
which can alone maintain themselves in these areas is
at the end of a lease loaded with an"acclimatissation
figure' of as much as 30f sbove their utmost value in a

market,
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It may be argued that this suggests much more a
process of minimisation against microbic infection than
8 possible deficiency disease, The geological composi-
tion of g00d or bad sgheep-land is,for all that,
distinctly swvggestive in the association of granite
with disease and limestone with health,

Much work has been carried out and s great desl of
light thrown on the possible ianfectious nature of these
widespread and costly diseases, but the influence of &
dietary factor has not so far been broached,

Again, in their natural habitat the graminivora
are accus tomed to migrate over long distances to obtain
change of food, It is interesting to note that in
certain areas in this country, on Rorder sheep-farms,
gimilar migrations sre still carried out, though by rail.
The sheep are moved into England; not for wintering but
for the "change™, and it is the verdict of men making
their living by the care of flocks that but for this
migration the animals would die in large numbers, although
gpparently provided with smple food supplies, The
change in climate or in amount of food is vractically
negligible; a change in quality of food seems at present
the most useful hypothesis, and as has been shown, the
mineral constituents of herbage ére thbse which show \

the widest variations,
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Cattle, It 1s convenient here to consider calves
and oxen generally, The most striking fact here
is a negative one, Rickete 1s very seldom met
with in the'eglf, This is more than surprising; con~
sidering the rigorous confinement and drastic with-
drawal of butter fat to which this animal is subjeated,
There were in Scotland alone during the year 1920,
350,000 cows in milk (Prans, High Soc, Vol, XXXIIT,
1921), and the dairy industry derives a large part
of its revenue by abstracting the fat from the food
of the calf and selling it for the use of othep
species,

The existence of this 1lndustry requires more
attention from the exponents of Vitamin A, than 1%
has hitherto received, The fact that dairy farmers
habitually rear calves sucgessfully on skim, or
separated, milk to which starch, rolled oats, ox
linseed o0il has been added, is not commented on in
the copious Vitamin literature, save that from an
experiment on puppies Mellanby (1l.c.) dismisses a
mixture of this kind called "Marylebone Cream™,
(them DVbeing distributed in the Infant Welfare
Centres in London) as ™a concoction™, and ™no%

possessing the anti-rachitic effect,™
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In the Aberdeen area the conditione of calf-
rearing approach a laboratory test, Owing to the
value of the Aberdeen-Angus breed for beef purposes,
winter calves are not slaughtered but continued on
a separated milk diet for many weeks, with, eventually,

added turnip4roots,and survive successfully, though

naturaily not as good animals as those born in the

summex,

Even cod~liver 0il has veen known for msny years
to the dairj farmer, and after repeated tests the
égrioulturist will not commit himself further than to
say>that it may be safely recommended as a cream sub-
stitute, Examination of the growth surves of calves
supplied with cod~liver o0il as against those on
vegetable oils show usually a superiority for the cod-
liver o0il ration but in no such striking disproportion
as the addition of Vitamin A, would demand, the ratio
running about 7 to 5 in favour of cod-liver oil as
aggainst linsced,

cattle

A bone disease 0of eedwes described by Ostertag
and Zuntz and summarised by Theiler (40) is of con-
siderable interest from the point of view of minersal
deficiency. This disease is a chronic disease of

cattle whose chief symptom is an abnormal craving for
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unusuval foods, mortar, stonmes, wood, eto, Theze

sre disturbances of digestive and nervous systems,
wasting of the tissues, excessive anaemia, and
abnermal brittleness of the long bones, with wasting
of the cortex. |

The disease is chiefly noted in heifers, cows,
and young snimals, It is peculier to certain aress
and agppears chiefly in the winter, It is produced
by the feeding of hayvfrom these areas,.

Analysis of the hay showed an increase of
potassium and a reduction of lime as compared with
normal hay, A seasonal differentiation was attempted
by feeding separately the first, second, and third
cuttings fron the same area in the same year. The
first hay did not produce any disease; the second
and third produced the dicease, ‘Stutzer's anslysts
(41) gives the percentage composition of ash in good
quality hay as 9,5 Ca0 and 4,3 P205 in parte per 1000;
while for second crop hay the percentage is 5.1{0&0
to 4,1 9205: ‘

Metabolism experiments showed a greatly diminished
retentibn of both 1lime salts and phosphorie acid,

The addition of lime sslts and phosphorie acid

failed to prevent the disease, but treating the hay
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with boiling water produced some benefit (oalves
increased in weight by 16,54 in 5 monthe but
sickenéd and died in 8 months.)

It is interesting to note the point as to the
excess of ¥. K salts in excess have a very dele-
terious effect upon health and in the United States,
millet hay, which has a high KfNa zatio (K 133 Na9)
as against alfalfa hay (£ 85 Na 48) is well known for
ite toxlc effects on stock., (Forbes Alalyses of Foods,
l.c.) Not improbably the treatment with hot watex
would remove some of the excess of K,

Thieler stetes that this disease bears a strong
resemblance to "lamziekte” in gouth Africa though
this disease produces no wasting of the bones, It
is now considered by him and his associates tb have
its origin in a phosphprus gtarvation leading to a
phosphorus craving so intense that the animal will
consume any P-containing substance, even pubrid bones.
wrom these bones are absorﬁed toxic substances pro-
ducing the acute effects.

The mineral metabolism of milch cows is a subject
too large to enter on within the present limits,

The very large quantities of mineral needed for a cow

x
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in full milk require emphasis, Hals (42) states
that a milch cow with a daily yield of 10 kg, milk
would requizre 70 grams Ta0 and 45 grams Po05 per
dsy, and he, too, points out that concentrated feeds
are low in line and high in phosphoric acid,

In Bihar, India, again, where the P205 content of
the soil and of the crope is éxtremely low - less
than 14, of the European soil standard for certain
areas, the native cattle yield very little milk,
The cattle of Bihar yield from 3 to 5 seers of
milk per day, those of Surat 16 seers, those of
Kathiswar 15 to 20 seers, and those of Delhi 25
seers, The influence of breed must, of course, be
considered; but the yield of even the best milch
cows rapidly decreases on being brought into Bihar
State, (43)

It has recently been stated (1920) by Hess and
Unger (44) that the vitamin content of milk is
altered by various diets, They also give the per-
centage eomposifion of the ash of milk on a green

food ration as sgainst a ration of mesl and molasses,

Green Food mesl & Molasses
®al 0.165 0,138
9205 0.19%0 0.188
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On the other hand, the percentage of sulphur and
magnesium was higher in the milk of cows fed on the
meals, All these facts go to show that the differ- °
ential qualities of the mineral contents of milk

must be exeluded before any hypothetical substance

is invoked.
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ﬁorses, Poals rarely suffer from rickets, The
adult horse however suffers from sme bone lesions
not without interest from the point of view of
mineral metabolism, fhe fact that a sufficiency
of phosphorus must be present to permit the utilisa-
tion of the cealcium which might be present in abun-
dance was brought out in Metabolic Experiment IV (pig).
Disturbance of the balance on the other side, however,
is equally fatal to health, Hutyra and Marek (l.c.)
and other suthors describe a cachexis and osteoporosis
known as "bran-sickness™ and caused by excessive amounts
of bran in the food where the excess of the P & K in
the PBran eventually produces ill-hesalth,

In this connection the disease known as "kumri™
may be considefed.

This disease is described by C.,H.K. Macalister
(45) in 1917, He defines it as -

») chronic incurable disease of horsés character-
iged by inco-ordination and lose of power in the hind

1imbs™, and other observers state that the bones are

soft and easily cut.

The rsnge of the disease is very widespread,
ocaurring as it does in India, Ceylon, the Federated

Malay States, the Duteh Indies and China, A similar
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disease is described in the Belgian Congo, with well
méiked lesions in colts of 8-9 months (46),

It seems to have points of close resemblance to
Bighead of horses described in Florida (47) and to
an Osseous @achexia of Horses of Brazil (48) and in
New Caledonia (49), It is especially rife in Bihar
Province, India, In this connection 1t is interesting
to note that the soil of Bihar may contain as low as
3% only of the European standard dontent of phosphorus
and that the rice of Bihai runs in many cases to a
phosphorus content of as low as 0,29 as agalnst 0.41%
for normal rice,

cures are reported from the Belgian Congo (46,1.c.)
by the administration of Ca in the food., It is note-
worthy that the soils on which this disesase srises have
been found by analysis both in New Caledonia and in
the Congo to be very deficient in lime, while in neigh-

pour ing areas rich in lime this disease does not ocaur,
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THE DOG.

The d0g occupies an intermediate position between
farm stock and the laboratory animals. It is kept in
cloge association with man and receives much observation.
At the same time, owing t0 this association it has a varied
diet, and in particular a diet in which bones are generally
available to supply any possible calcium or phosphorus
deficiency. As has been pointed out, there is no such
great clinical body of observstion on the feeding of dogs
in confinement as is available in the case of the staple
meat-supplying flocks and herds.

Reference has been made in the Introdﬁction to the
work of Voit and others. It is impossible tb ignore this
mass of patient investigation in the cavalier fashion of
somse recent experimenters. puring his work he made
estimations of the calcium physiologically necessary to
the growth and health of the animal whose pathology he had'
mder review. He worked this out (l.c.) at figures
greater than are ususlly allowed to-day. yoit found that
a dog of moderate size required .5 grams Ca 0 per'day and
a large dog .70 grams. Taking the previously established
approximation of 1% of the incresse in body weight as due

to vretentien of Ca O this would correspond, even if all were
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retained, to an increase of 50 grams per day for & small,
and 75 grams for a large dog, & not impossible growth.
an experiment performed for the purpose of this thesis
(detailed below)gave a retention over 31 days of 1.7 grem
Ca O per 100 grams increase in 1live weight in a small,
slowly growing dog. The daily retention worked out at
just over .21 grams per day - which for the size of the
dog (4.4 kilos) is in close agreemant with the work of
forty years ago.

The earliest work done in this country is that of
Findlay, 1908 (l.c.) continued and expended by Paton and
others till 1921 (l.c. and 50); their studies are mainly
concerned with the influence of the exercise factor and
of the organic constituents of the food, though Paton has
algo investigated the endocrine regulation of caleium
metabolism which limits of space forbid & discussiom of
here. The most extensive dietary studies in this
comtry om dogs are those of Mellanby's (l.c.) snd his
work, on over 400 animals has, he claims, "centred round
calcium metabolism". But one searches almost in vain
for any attempt to meet, or even to calculats the needs
of his animals for anything but the hypothetical vitamin -
A Phe fudamental work of voit on the galcium require-

ments of dogs is neither repesated nor disproved, but



113,

simply ignored. The question of deficient intake is
dismissed in the sentence: "It will be generally admitted
that e xperimez tal results on snimals and clinical exper-
jence are opposed to calcium deficiency a&s being the main
cause of rickets", and he continues: "Phe problem of
deficient intake of calcium has received comparatively
little consideration in this resesrch" - a claim which

ig fully confirmed on examination of the work. Thus,
dlscussing the influence of bread he gives a Puppy (No. 335)
(1.c. No. 61 p. 43) as increasing in weight in ten weeks
by 2,990 grams. The basal diet provided an intake of

ca O at the rate of .30 grams per aay. This is far
pelow Voit's standard even for a small dog (.5 grams).
Reckoned in percentage of increase this rate of groﬁth -
299 grams per week - would demand the retention of 2.9
grams per week, whereas the ingestion is only 2.45. It
geems undoubted that so long as the minimum needs of knowm
camstituents are not supplied there is no justification for
wthe slow crystallisation of the idem that excess of bread
might Dbe responsible for the exaggeration of the rickets
gyndrome" (l.e.) iIn face of these figures the general-
igations, e.3., that "a gufficiency of calcium must be
givenﬁ or that "plenty of calcium and phesphorus in the
diet" tend to prevent prickets in puppies have no meaning.

In veiy many of the experiments these needs are not fulfille
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and the experiments are therefore without value.

The following experiment was made to examine the find-

ings of Voit and to test some later statements.

A dog of 4.4 kilos was placed in a metabolic cage;

the methods were the same as in experiments previously

detailed.

The basal diet was 50 grams oatmeal, 50 grams

rice, 2 grams Na Cl and 250 c.c. goat's milk per day.

Calciun was added in the form of 6 grams Calcium lsctate =

1.058 grams Ca O.

The subjoined table shows the balances.

Table 26.

Ca O Balance

Day Ca O Intake
in food

2 ‘ "
—

5 m
— :

lo "
e

11 "
12
P
TS

"

SeeeS SN

L SR N

T+ 09

+ 0,97

MM%+,”b:é£m

+ 0.09

- 0.33

+ 0.82

- 0066

+ 0.01 5 grsms Na2 H.PO4 added
+- 3.0068 = 1.06 gram sza

+ 0,03

- 0048
+ 0.61

5 grams Naz HPO4 added

+ 10 c.c. cod liver oil.

— 0,25

.



115,

Table 26. (Continued)

Day Ca 0 Inteke Ca O Balance
In food

15 1.603 + 0.94 5 grams Naj POy added

N ]

_ffi‘” j o | - 0.7 T 1,03 grams Pg0g
._'EZ,,_M- ‘ L { - 0.22 + 10 c.c. cod. liver oil
wl‘._)”_ L L | + ©D.74 5 grams Naz PO,

ol 1 &0 " - Q.’;? added
21 w4 0.1
w?g .HAWVWWM "“””;W”6:55- 4+ 10 grams 1érd.

24 | " | - 0.40

25 0.5786 | - 0.08

.

!;oc{ & 26 " | '+ 0,17 No calcium Or

27 " f + 0.40 phosphorus added.

The results are clearer when averaged out for the

whole periods, s Aas /Zam— e tiee A Hadle fc'&“*“;} ﬁé’/.zy

/

L Mﬁ, i ! ::/:’
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Table 27.

Ca O Intake Ca O Bslance Diet +
i | ?
Period 1 | 1,637 4+ 0.35 1.05 grams Ca 0

Period 2 | 1.637 4 0.02 | Diet 4 Ca O
+ Nag HPO, 5 grams
4+ 10 c.c. cod liver oil.

Period 3 l1.62 + 0.16 | Diet 4+ Ca 0 1.60 grams
. + Nag POy S grams

+ 10 c.c. cod liver o0il,

Period 4 1,62 4+ 0.33  Diet + Ca O 1.60 grams.
'+ Nagz POy 5 grams
| + 10 grams lard.

Period 5 = 0,57 0.18 | Dpiet only
no added calcium

©r phosphorus.

The agreement with Voit's work is close, in view of
the fact that the dog only increased from 4.4 to 4.8 kilos
during the El'days of the experiment. It will be ob-
gerved that the addition of sodium phosphate actually
lowered the calcium retention. This may be dueto the
fact that both calcium lactate and sodium phosyhate were
added together and it may be, pOssibly, the resultant com-

pownd is less easy to absorh. It is interesting to note
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that cod liver o0il gave a lower Ca absorption than lard,
and this has been not wnususl in the work of this thesis.
Mellanby in his monogreph mentions one dog whose diet was
supplemented with tricalcic phosphate {l.c. p. 54) and
developed rickets. He states that sbundance of calcium
in the diet will not prevent rickets, but it is obvious that
the calcium must be in a form utilisable by the animal, and
the experiment detailed above shows that apparently by
purely chemical mesns the calcium in the food may become

mavailable for the dog's needs.
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Rodents.

The fact that nothing whatever is known of the natural
food of the yomg rat, mouse or guinea-pig (milks of these
species) makes it difficult to treat with due seriousness
observers demanding wide and sweeping dietetic changes on
the strength of experiments on these wndertermined require-
ments . Por instance, although it does not actually come
within the scope of this paper, reference may be made in
passing to the typical absurdity of using the needs of the
guinea-pig, to determine the properties of the milk of the
cOw administered to the young of the Primates. Considering
_that the young guinea-pig is born in such an advanced state
of dentition that it can practicelly do without milk and
that in any casé lactation does not last for more than 14
days, the conclusiontthat "miik", i.e., cows' milk, has &
very low power Oof protection aganingt the syndrome known as
"guinea-pig scurvy" is not surprising.

The brillisnt work of Hopkins in 1906 - 1912 concerned
jtgelf with the general failure of the whole economy and
not of one particular metabolism alone. MeCollum and
others (51 (52) in 1921 observed in the ir work upon rats
that changes resembling rickets more frequently occurred
when the rations were deficient in calcium and phosphorus

as well as in Vitamin 4.  Hess and Pappenheim (53) in
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1921 found that a diet deficient in vitamin A did not
produce rickets though there was s cessation of active
bone~formation. Sherman and Pappenheim (l.é.) noted that
by substituting only one-seventh of the calcium lactate in
their diet by secondary potassium phosphate (Kg HPO4) they
prevented the onset of rickets in a diet deficient in
Vitamin A, and moreover a diet which had constantly caused
rickets in yowmg rats previously. They also emphasise
the importance off the balance in all distary factors both
organic and inorgasnic. Koronchevsky (l.c.) considered
that a combined deficiency in both Vitamin 2 and mineral
matter was most 1ikeiy to produce the rachitic syndrome.

He records, however, & condition very closely resembling
rickets in animals on calcium - poor diet, born of a calcium-
gstarved mother, in all four of the animals on whom the ex-
periment was made. In 7 out of 12 rats on a vitamin-aA
poor diet born of a vitaﬁin A starved mother "the picture
is Wsuggestive of rickets" while only two are given as
"typical rickets".

The difficulty with all these experiments is as has
been mentioned, that we are attempting to approximate to an
unkn own Optimum . several attempts were made for the pur-
pose of this thesis to obtain by some means either rat's

milk or mouse's milk or guinea-pig's milk for the purpose



120,

of an ash analysis. It proved impossible either by
manipulation, or by outting the ducts and administering
pilutrin under anaesthefic, to obtain more than & few
milligrammssg., Eventually by the courtesy of the Imperial
Cancer Research Institute of London two lactating mothers
were oObtained, separated from their yowmg for three hours,
and the young after feeding removed and killed. The
stomach contents gave at least an approximeste curd of rats!
milk., This was found to have an &sh content of 2.87%
(8Ca 0 : 3Pu0s4). The ash content of the diet administered
by Koronchevsky and the American workers is betweeﬁ 5 and
6 per cent, i.e., more than double that of the young rats?
normal food. The mere fact that a swurplus of all salts
is, or may be, present, does not improve matters since in
mineral metgbolism an excess is often a&s harmful as &
deficiency.

The recent work on guinea-pigs is summarised by Hume
(54) in a table showing the growth-promoting properties
of certain natural food—stuffé, added to a basal diet,
- The table is reproduced below with a calculation of the
quantity of Cs in the amommt of food-stuff added. It
will be noted how closely their growth prometing properties
are paraslleled by their calcium content and the Theory of
Probabilities would show an almost wlimited bias against

this being merely an accidental coincidence.
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Amouwnt of Ca O added. Ca O Percentage Histology
Zrms. increasse in Pathological
weight. Changes.
Orange Juice | 10 c.c.@O.sz 5 - 10.7 Definite to
| ; acute,
onion 30 gramg .0078 | - 0.2 Definite.
" 60 " | .0146 | - 3.5 "
White cabbage' § | ; '
leaf ‘15 " 10,0066 | - 3.3 "
Fresh Milk 20 c.c. 0.034 - 2.1 "
Groon cabbege |
leaf. 5 grms. 0.053 29.9 Incipient to
; | definite.
Glaxo = 60 ce. |
Raw milk 0.102 7 | 37 .7 Incipient.
Aut. milk 60 c.c. 0,102 |  44.8 Nearly normal.
Rewmilk 60 " 0.102 |  46.9 |Nearly normal.
————— | .
bage leaf 15 grms. 0.159 | 40.1 Normal,
. . . . , |
Green cabbage %‘ §
leaf 30 " 0,318 | 60.4 "
| | |

The Glaxo was made up so that the liquid contained 3.5

per cent of fat.

As Glaxo is stated to contain dried milk plus butter

fat the calcium content would certainly be lower in a solu-

tion of Glaxo containing 3.5 per cent of fat than in a fresh

milk with the same content.



Hume concludes that the diets which preduced growth
were not superior in their protein, salt or calorifias
value, to those which dia not; the difference must
therefore lie in their Vitamin content; water soluble
B and C wers adeqmtely supplied in all cases. the only
known dietary constituanf which could have been lacking
is thus the Vitamin 4. The above table, however, shows
how widely even parts of the same plant (cabbage) may vary
in mineral content and the need for checking all factors
in the case,

In general, the work on the rodents has not begun at
the bottom, and in looking For a factor which is only pre-
supposed, and considering that its absence is shown by a
disease, we are liable to fall into grave error without
the experimental, long continued traditional knowledge of

the needs of the healthy creature to guide us.
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A NOTE ON RICKELS IN THE HUMAN.

The slow growth and the interminable infancy of the
human species make the determinatiog of its mineral
requirements & matter of great difficulty. Thus, &
young rabbit doubles its weight in 6 days, & puppy in
9 days, a calf in 47 daye end an infant in 180 days
(Loew. Kalkbedarf von Mensch and Tier 1919),  The
calcium content of the milks of these species is low
or high in proportion to these periods. The milk of
the rabbit containso0.89% Ca0, of the dog 0.46% Ca0, of
the cow 0.17% and of the human 0.05% Ca0. (Loew. l.c.)
The quantities of calcium required for the infant per
day are thus very much smaller, and the time required
for changes to be manifest twenty times longer, than
the corresponding figures for the puppy. The quantity
of food required for the production of & kilo of body
weight works out about six ﬁimes as high for the human
as for other species 80 that the mineral concentration
on all these grounds need not be high, Metabolic ex-
periments on the infant would therefore require periods
perhaps twelve to twenty times as long &s those required
for the familiar metabolic animals, if even the rough

accuracy obtained on them is to be reached, Direct ex-

periments on this ccale are unknown. We are therefore
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thrown back upon clinical evidence,

Clinical experience of disordered mineral metabolism
in the infant centres almost exclusively around the sub ject
of rickets. The main incidence of this disease in chil-
dren is between 6 and 18 months i.e. at the period of
weaning. It is a suggestive coincidence that at this
period the child is transferred from a staple diet rich
in calcium (cows' milk = 0.16% Ca0) to a staple diet re-
markably deficient in all minerals (white bread = 0.014%
Ca0). It is further interesting to note that clinicisns
have observed that lime water is of benefit during the
infantile disorders of this period.

It is not of course intended to suggest that rickets
in the child is simply calcium starvation. The litera-
ture of this disease is encyclopaedic in extent and theo-
logical in acrimony. The deficiency, however, now
fully proved, of & grain ration and still more of its
highly-milled constituente, show that nothing is easier
than to select from the bakers' shops of large cities &
cheap energy-ylielding ration extremly incomplete in bone-
building material, |

The importance of the mineral metabolism of infants
has been obscured by rather sensational assertions on
behalf of the improved vitamin theory. A mission, for

instance, was sent by the Medical Research Committee to
Vienna for field work in 1919, They reported & great
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shortage in that area of vitamin A. and consequent
ravages of rickets amongst the young. Dalyell is quo-
ted as giving the incidence 8t 100 per cent of the in-
fants of nine months old (55) and Mellanby (l.c. p.67)
mentions "the extraordinary amount and severity of
rickets that has recently developed in Viemna and other
towns in Central Europe during the war." He makes the
quite gratuitous statement that "this depends largely,
no doubt, on the absence of fats and milk in these coun-
tries" an assertion disproved by the investigaﬁion of
Gribbon and Ferguson (56) to which subsequent reference
will be made. As & matter of fact the clinical obser-
vations of the M.R.C. mission were made by an Australian
lady doctor, whose experience of the slums of European
cities was by no means life-long. Personally in a visit
to examine this work, in January 1920, I saw no evidence
of any such sweeping affection and can, for what my ob-
servation is worth, corroborate Findlay (57) who in 1921,
also after person&l inSpection, concluded on clinical
grounds that the disease was rather less prevalent there
than in Glasgow. His opinion receives a more }aluable
¢onfirmation from the vital statistics of Viennsa city (58).
The infantile death rate per 1,000 from rickets in 1910
was 0.4. It was in 1920 0.3; having shered the general

decline in infant mortality from 216.8 (19X to 168.6
in 1920. It may be claimed thet this represents a great



triumph for the anti-rachitic campaign and the missionary
effort of the Medical Research Committee's workers on be-
half of vitamins. Gribovon and Ferguson (l.c.) found,

however, that even amongst the rachitic.of the 29 families

2
investigated only a few of the children were having cod
liver oil. They further point out that in 29 rachitic
as against the 20 non-rachitic families there was little
'difference in the amount of fat consumed. The energy
Rowever
value of the food consumed,wes no less than 440 calories
per mén per day lower for the rachitic than for the non-
rachitic families,

It will be seen, to quote the somewhat bitter words
of the Committee's own Report No. 38 (l.c.), "how un-
reliable are many views on etiology When the basis is
Ssupposition and conjecture unconfirmed by scientifie
observation."

Further, in this country the rigid restriction during
the war of animal fats, for the vitamin-poor mergarine,
coincided with no increase, and even with a striking

decrease, in the infantile mortality from rickets. The

following table shows the figures since 1905.'59)
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TABLE 29.
Desths from Rickets.

Rate per 1,000 for children under 1 ye&ar.

19056 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915

0.58 0.60 0.50 0.46 0.47 0.44 0.39 0.34 0.44 0.39 0.39

1916 1917 1918 1919

0.41 0.41 0.35 0.24

It will be seen that after a slight preliminary
rise in 1916 and 1917, the rate fell repidly, and thet thes
at a time when margarine consumption was becoming more
universal. It may be argued that rickets is not &
killing disease and that these figures are not reliable,
but their remarkably consistent movement over long
periods of time gives reason to consider that we have
here, if no more, & valuable indicator of increase or
decrease of the disease. The fact that the sharp fall
is parallel to the increased addition of the mineral of
the grain to war bread seems agein more than & mere
coincidence. Much work has been done in America on
the association of vitamin & wigh rickets by Hess and

Unger and others. Hess and Unger (60) summarising

work with 100 children of eighteen months duration
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concluded: "Fat-soluble A is not the controlling in-
fluence in rickets for in several cases children developed
rickets while receiving fat-soluble A while other céses
had no rickets though deprived of it for months." Hess,

)

MoCann and Pappenheimer ™ again state in 1921“Fhis
vitamine (fat-soluble 4) cannot be regarded as the anti-
rachitic vitamine and if the diet is otherwise adequate,
its deficiency does not bring about ricketsf

The mineral metabolism of the teeth is still acute-
ly controversial and the statements made are too;contra-
dictory to d;sguss_ﬁsgfully until resea;qh hgs further

ascertained definite facts. o . . ' .
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GENERAL REVIEW.

The work of the great chemists of the earlier
part of the nineteenth century was overshadowed by the
subsequent realisation of the tremendous significance
of the linked complexes o0f carbon and nitrogen which
occur in bodies such as the purinsor the amino-acids,
and from which protein derives its vital importance in
animal economy. Of all this work Emil Fischer's name
may be taken as typical; and it is only natural that
biology, having encountered the fundamental fact that
the animal world was parasitic upon the vegetable world
for its utilisable supplies of the two essential atoms
C and N, should for a decade and more devote itself to
grasping the significance of this discovery. Of recent
years, however, the balance has swung too far to this
side. The other elements present in so-called in-
organic substances are equally important to the very
exigtence of this labile compound which we call pro-
toplasm, The fact that of all the elements of the body
we are parasitic upon plants for carbon hydrogen and
oxygen compounds and through them upon bacteris, for
nitrogen,should not lead us to neglect those atoms

which the cell, even of the vertebrates, can utilise
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direct, though supplied in inorsganic form.

It way seem platitudinous to reiteraste these well-Known

facts, but the parallel "salt mixtures" of ileCollum and

lellenby for growing animals show it not to be without &

bearing on the subject of skeletal lesions snd the mineral

constituents of the diet, taken for this thesis.

McCollum.
Ra Cl1.
Mg. SO,
Neg H PO,
Ko HP Q4
Ca Hy (PO4)
Ca, Citrate
Ferric Citrate.

Iodine. (trace)

Mellanby.

Indeed, much of the so-called "biological analysis" gains its

results by & previous neglect of the old-fashioned art of

chemical anslysis.

The question of the Ca content of the

food necessary to skeletal development has already been touched

on.

It is note-worthy that it is unususl to find substances

rich in Vitamin A which are not at the same time rich in

Ca and lMellanby himself comments on the fact, quoting the fol-

lowing figures from Albu and Neuberg (Mineralstoffwechsel 1906)

y
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Deficient in anti rachitic % Ca. Rich in anti

factor. rachitic factor.

White Bresd (less than) . 0,014 Cow's milk 0.16. % Ca
Sugar None. Egg Yolk 0.4 "
Margarine Nons. Cabbage 0.45
Potato 0.025 Cauliflower 0,14 ~
Polished Rice 0.016

In & biological analysis of foods therefore, by the
use of puppies, for the existence of a hypothetical
gubstance, it would seem unjustified to use a staple
of white bread with small quantities of cows' milk
~without at the same time making sure that Ca was added
in ample and utilisable form.

Again, the biological anslysis carried out for the
presence or absence of the hypothetical Vitamin B, are
made by the use of pigeons, Polished rice is highly
'daficient in mineral matter, and it is logically
necessary to supply all the known needs before proceed-
ing to postulate an unknown. In Canada (62) it was
found that pigs fed on polished rice sickened and died
but that this could be long postponed or prevented by
the addition of phosphates to the diet. In view of
the fact that the P505 deficiency of rice is used as

an index of its anti beri-beri power, so that a content
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of less than 0,28% is regarded as dangerous, and a
greater content as safe, this seems especially
necessary., It is interesting to note that Theiler

(63) and others found, in an attempt to produce "Vitamin
B, deficiency in farm stock, that diets causing the
death of birds in the regulation 30 days had some

though 1little ill effect upon swine and no effect what-
ever, in 13 lunar months, upon oxen, These results
find a suggestive coincidence in the following blood

ash analyses (64) (Table 30)

Percentages of Ash. Cal P05
ox ~ I.I 5,27
Pig 1.55 12,52
Hen 1,08 26,62

The susceptibility of the fowl to the sdmitted
mineral deficiendies occur: . in polished rice : '~
might easily differ totsally from the susceptibility
of the ox,since the £lood of the hen has 26 times as
much Pg05 as Cal while: that of the’axhas only 5 times as
much,

The permissibility of using the needs of the
guinea-pig, whose young scareeiy need milk at all, as
a "biological analysis" of the usefulness of milk in

preventing deficiency disease in the human species
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has already been questioned,

On clinical grounds the existence of a specifiec
anti-rachitic factor must be a matter for repeated
and unshakable demonstration, If labelled "health-
factor™ it would at once excite universal derision;
yet one is scarcely more unlikely than the other,
There are only eight notes in the musical octave.
Innumersble combinations of these have been made, and
the selection of any one as the "harmony factor™ would
lead to absurdities., One positive result is equal
in value to many scores of negatives; and even the
few experiments recorded here, proving the unlimited
tolerance of one species to absence of any substance
hitherto proved to contain this specific factor, would
require attention, The Vitamin hypothesis, as has
been well said by Orr, of Aberdeen, is at present as

unproved as the phlogiston theory, to which indeed it

bears a great resemblance.

FINIS.

- - o
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KING'S COLLEGE,

HISTOLOGICAL LABORATORY,

January 9th, 1922,

REPORT ON SPECIMENS PROM PIG SUPPLIED
BY CAPT, ELLIOT, B. Sc.
Introductory Remarks.

It appears expedient to point out at once that
in none of the specimens examined either macroscopie
or microscopic alterations of g pathologzical charscter
were found, The few and trivial changes noted here
and there are to be referied either to the conditions
in which the material was received or to the technique
employed or to the somewhat hurried manner in which
the investigation had to be carried out, What follows
should be, therefore, considered more as éxplanatory of
the methods used than as a description of specimens
which do not sppear to differ in any way from those one
might have obtained from a normally fed animal of the

same size and sage,
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Collection and macroscopic examination
0f the material,

The material was brought into the laboratory sbout
20 hours after death had taken place but no cadaveric
alterations were seen anywhere; on the contrary the
material seemed, and as a fact wes, in an excellent
state of preservation,

The collection of specimens proceeded systematically
from the great sciatic nerve which was isolated first and
fixed in different fluids, The vertebral canal was then
opened along its whole length and the spinal cord, after
having been macroscopically examined, removed and sub-
divided for microscopic examinstion by various methods,
The same was done with the medulla oblongata, cerebellum
and cerebrum which were preserved in suitable fluids but
not made, for the time beihg, into microscopic prepara- -
tions as no particular place was found sltered or con-
gésted or oedematous or such as to warrant s certainly
laborious and practically useless investigation,

The pituitary body was also collected and examined
by a special method to which reference will afterwards
be made,

As one proceeded to expose the centrgl nervous
system, the bones forming the vertbral column and skull,

‘as well sas portions of the ribs, were macroscopically
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examined, No material was preserved as no slterstions
could be seen and the only feature common to sll of
them was their extreme hardness,

The bones of the left hind limb were all dissected
out and then sawn lengthways in order to make sure that
not even some small localised lesion might escape atfen-
tion, tn this way the marrow was also examined sand
dverywhere found to be of s white colour with all the
characteristics of pigs' adipose tissue,

Parte of the sawn bounes were put into Kaiserling's
fluid for preservation as museum specimens, and parts
were put aside tor microscopic research after decslci-
fication, Before being definitely mounted the Kaiser-
ling specimens were photogréphed; from the negatives
three lantern slides were obtained which by themselves
already show the absence of any rarefaction, softening

or rachitic change.

Microscopic examination,

1. Specimens from the sciatia nerve, This was investi-

gated by ordinary histological methods, Cajal's photo-
graphic formulae 2 and &, the processes of Schridde,
Marchi-Busch, and Heller and fumpert. No degeneration
of the myelin sheath, alterations of the axis oylinders
or changes of an infiltrative character were found in

any of the many specimens examined,



In t%ansverse and longitudinal sections of fragments
fixed in formol-Muller and stained either with Ehrlich's
haematoxylin and eosin, or with Weigert's haematoxylin
and picro-fuchsin (van Gieson) the sustaining tissue of
the nerve trunk and the nerve-fibres have quite normal
features,

In the preparations made according to Cajal's
formulae 2 the axis~cylinders of the large medullated
fibres are hardly stained at all; but bundles of thin,
probably non-medullated, fibres are brought to view,
These thin fibres, which sre generally considered as
sympathetic in character, also have & normal aépect.
The preparations made by Cajal's formulae 3 are similar
to the former ones but here and there they show mo re
clearly the axis-coylinders of large medullsted fibres
with features identiecsl to those of normai specimens of
peripheral nerves stained in the same way .

In the specimens treated according to the method
of échridde, the medullary sheaths have in many plsaces
a granular aspect which mizht be mistaken for a patho-
logical phenomenon, But as a matter of fact such a
granulsr aspect can be observed also in nommal peri-
pheral nerves stained by the same method or simply
treated with a solution of osmic acid, It mightvbe

difficult to give a satisfactory explanation of this



granular aspect of the medullsry sheath of peripheral
nerve fibres, but it appears sufficient to point out
here that it is probably connected with the mode of
- penetration of the osmic acid and subsequent operations
of clearing and mounting, 1In addition one should bear
in mind that according to recent investigations the
myelin sheath of peripheral nerve-fibres, normally
consists of s reticular stroma and of a semi-Ffluid
fattj—like material situated in the meshes of the
stroma under the form of minute spheres or drops,
Lastly the absence of pathological changes is
confirmed by the specimens made by the Marchd ~Busch
method in which no trace of true myelin degeneration
ié found, as well by the spécimens treated according
to the method of Heller and Gumpertz, These prepars-
tions also require some care in their interpretation.
Indeed when seen under a low megnifying power of the
microscope they have the rather poor look of badly
stained specimens; but under high power one can easily
recognise the intaci, somewhat transparent and slmost
greenish myelin sheaths, 1In some places there are
darker portions but these are not the expression of any
degenerative phenomenon and are simply due to the way
in which the mordanting and differentiating processes,

which are sn essential part of the method of Heller and



Gumpertz are, perforce, carried out.

In considering the specimens of the sciatic nerve
one should not forget that it was collected 20 hours
atter death and that some of the results and slight
artefacts described above may as eacily be connected
with quite initial phenomensa of decomposition which
sets in very iapidly in peripheral nerves and are very
lisble to affect the impregnating and staining properties
both of myelin sheaths and axis-cylinders,

2. Specimens from the spinsl cord, The absence of

degenerative phenomena in the peripheral nerve investi-
gated 1s likewise proved by the observation of the
specimen from the spinal cozrd, In fact had there been
a pathological alteration of at least some of the bundles
of fibres forming the sciatic nerve, one ought to have
found chromatolytic changes in some of the large nerve
cells of.the anterior horn of the lumbar cord, The
specimens from this region stained with toluidin blue,
thionin and GCiemss's fluid convincinglj show that this

is not the case. In fact they do not differ in any

way from the specimens of the dorsal and cervical regions
of the same cérd,

| With the object of rendering the investigation of

the spinal cord as complete as possible, portions were



treated als» according to the methods of Bielschowsky,
Cajal and Weigert-Pal, The Blelschowsky method did

not give satisfactory results probably owing to the

fact that the material had not been left for a
sufficiently long time in the fixative, The method

of Cajal was only partially successful but those cells
which took the silver do not show any appreciable
alteration of the neurofibrils, whilst the extracellular
interlacement of non-medullated fibres sppears 1in these
preparations intact, The Weigeri-Pal specimens of the
three principsal regioné of the spinsl cord are like those
one could have obtained fran any normal material of the
same kind, There are, here and there, some parts lighter
then others, but this fact is due to the way in which

the pieces have been hurried throuch the bichromate
solution and mordant, not certsainly to any, even slight,
systematic degene;ation,

3, Specimen from spinal ganglis snd pituitary body.

These were treated by Da Pano's cobalt nitrate method
for the demonstration of folgi's internal apparatus,
because this peculiar cell organ appears sometimes to
guffer a 1little from conditions known as deflciency
diseases, in this case, however, no alteratiqn is

seen either in the spinsl ganglia or 1in the pituitary



body, There are, here and there, aome autolytic
changes of the apparatus, but it is well known thst
these are frequently met with in tissues collected

a few hours after death and that they have no morbid
significance,

The specimens from the pituitary body may present
some difficulty of interpretation because in some of
its deepest parts mitochondria hsve become impregnated
along with or independently from the apparatus,‘but
this confirms the normel condition of the pituitary
body in the case under examination, It is true that
it sometimes appears arfected by the absence of either
the A or B accessory food factors but only when experi-
ments are persistently cairied to a point at which the
animals (rats, pigeons) would not recover even if the
treatment were suspended, This fact was borne in mingd
when examining the pig's pituitary body but no changes
of the apparatué, no undue enlargement of-the blood
véssels, no cytoplasmic or nuclear alterations could
be noticed,

4

Specimens from decalcified bones, Sections could

be obtained only from the phalanges, metatarsal bones
and a fragment of fibula.,. The pieces of the larger
-bones of thé hind limb were not fit for cutting after

having been left for more than 10 days in the decalci-



fying fluid, This fact is pointed out here because it
also has a certain bearing on the statement made at the
beginning of this report as to the absence of any patho-
logical alteration, The same counglusion can be drawn
from even a quite superficial observetion of the micro-
scopic preparations obtained from the cut bones, The
epiphyseal and articular cartilages are not enlarged or
irregular in aspect; there is no fresh produation of
an osteoid tissue, no abnormal reabsorption of bone,

no condition in any way similar to osteoporosis, osteo-
malacia, riekets, either as observed in the humen being

0r as experimentally obtained in animals,

Conclusion,

Haterial from the animal experimented upon is still
available and could be made, in course of time, into
microscopic specimens, but it does not appear advissble
to persist in an investlgation which, judging from the
results so far obtained, would only lead to conclusions
completely negative from a histo~pathologioal point of
view, If the pig under examination wss fed on a diet
deficient in some accessory food factor and the experi<
ment had been carried far enough, some lesions of the
kind recently described by other observers mightkhave,
perhaps, been brought about, However, in the case in
ques tion, they are not present even in s very mild form,

C. DA PANC,
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APPENDIX 2.
METABOLIC  DATA.
EXPERIMENT 1. | EXPERIMENT 1.
URINE. FAECES.
S N A (O v
Period 1. Commencement May 9th 1921.
1 1,500 900 17.598 0.1092 5.4 8565 12,1239 1.5646 6.,5322
2 . 2,600 1,118 20.821 0.1832 7.2 940 14.15 1.626 7.40
3 2,600 936 15,652 0.0874 6.37 656 12,34 1.142 6.156
Period 2, Diet +2.576 grams CaO. (10 grams CaCl, ) May 12th.
4, 2,000 660 13.216 0.1288 4,80 493 9.367 0.77 4.,5213
5 4,400 1,628 25.995 0.1725 9.77 383 8.6137 0.70 3.689
6 3,000 990 18.48 0.1344 6.81 932 17.71 1.687 8.00
Period 3. Diet + 2.576 grams CaO, Food neutralised May 15th.
7 3,400 646 19.61 - 0.1428 6.80 482 9.5677 0.8016 3.964
-8 3,600 288 20.16 0.1008 5,04 M5 14,88 1,3376 6.2775
9 3,000 330 20,664 0.1008 6.96 736 13.91 1.84 8;0221
10 4,300 301 21.5516 0.0843 7.84 700 13,37 1.8368 7.6468
11 3,800 342 20.216 0.1084 6.88 530 10,335 1.048 4,71
Period 4. Diet + 2.576 grams CalO. May 20th, , 4
12 4,300 903 26,2472 0.1083 8.82 685 12,1245 1.19 5.538
13 3.600 1,116 24.4944 0.1714 8.21 412 8.0422 0.688 3.2264
14 3,250 1,007 20.475 0.1547 7.93 634 11,1742 1.034 4;8469
15 4,000 1,160‘ 24,752 0.168 8.92 926 15.5568 1.4464 6.9561
16 3,800 1,064 23,408 0.1383 8.70 426 7.4124 0.6454 3.1613




Anslytical Data to Experiment 1.

Anslytical Data to Experiment 1.

Amovats in Grams Am sunts en Gyams
7, N, Exeret- Excret- Total T. N, Total Exeret- Total Cal Total Cal P, 05 Excret- Excret- Total P, Os
Days in ed in ed in exeret- Balance CaOl.in ed in excreted excret- Balance in ed in ed in excre t- Balance
B - food urine faeces ed. food. urine in faeces ed. food urine faeces ed
1 52,625 17.598 12.1239 29.722 22,90 1.7912' 0.1092 1.5646 1.6738 + 0,1174 18.5145 5.40 6.5322 11,932 + 6.5821
2 - 20,821 14.150 34,971  17.65 0.1832 1.626 1.8092 - 0,018 7.20 7.40 14.60 3.9145
3 15.652 12,340 27.99 24,63 0.0874 1.142 1.2294 + 0.5618 6037 6,156 12.526 5.9885
4 13.216 9.367 22.583 30.04 4,36172 0.1288 0.77 0.8988 3.4684 4,80 4.,5213 9.3213 9.1932
5 25.995 8.6137 34.609 18.016 0.1725 0.70 ‘0.8725 3.4947 9,768 3.689 13,457 5.0575
6 18,48 17.71 36.19 16.435 0,1344 1,687 1.8214 2.5458 6.81 8,00 14,81 3.7045
Period 3. Food neutralised. ‘ o
7 52,625 19.61 9.5677 29.178 23.44"7 0.1428 0.8016 0.9444 3.4228 18,5145 6,80 3.964 10.764 7.7505
8 20.16 14.880 35.04 17.585 0.1008 1.3376 1.4384 2.9288 5,04 6.2775 11.3175 7.197
9 20.664 13.91 34.574 18,051 0.1008 1.84 1.9408 2.4264 6.96 8.,0221 14,9821 5.5324
10 ) 21.5516 13.37 34.9216 17;7054 0.0843 1.8368 1.9211 .2.4461 7.482 7.6468 15,1288 3.3857
11 20.216 10.335 30.551 22.074 - 0.1084 1.048 1.1564 3.2108 6.878 4,71 11.588 6.9265
Period 4. Food not neutralised.
12 52,625 26.2472 12,1245 39,3717 13.2533 0.1083 1.1900 1.2983 3.0689 18,5145 8,815 5.538 14,353 4,1615
13 24,4944 8.0422 32.5366 20,0884 0.1714 0.688 0.8594 3.5078 8.208 3.2264 11.4344 7.0801
14 20.475 . 11,1742  31.6474 £0.9776 0.1547  1.034 1.,1887  3,1785 7.93 4.8469 12,7769  5.7376
15 24,752 15,5568 40.3088 12,3162 0.168 1.4464 1.6144 2.7528 8.92 6.9561 15.8761 2.6384
,16_,' 23.408‘:,v7.4124 30.8204 21,8046 0.1383 0.6454 0."7837 3.5835 8.702 3.1613 11.8633 6.6512
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EXPERIMENTS 11 and 111. , EXPERIMENTS 11 and 111.
Urine Faeces |
"Welght c ' :
of pig. Days Volume T, N. Cal. P, 0s Weight , T. N. Cca0. P, 05
Kilos. c.C. gms ., gms. gms., in grus. gms, gms , gms,
ﬁ _ Perlod 1. Diet. |
15.2 1 1,000 3.76 0.0224 0.8 180 4,5144 0.6323 - 1.6164
- 15.5° 2 1,500 3.57 0.0336 0.945 140 3.416 0.4284 1,2394
15.6 3 1,500 3.948 0.021 0.855 ‘200 4,99 0.5826 1.806
- 15.7 4 1,500 . 4.305 0.0147 1.215 . 190 4.4023 0.4816 1,539
15.9 5 1,500 4,494 0.021 1.14 195 4,641 0.501 . 1,5844
Period 2, Diet ~ 10gms. CaCla. = (2.5 gms. Ca0). |
6 2,000 4,704 0.0784 0.28 . 157 3,7366 0.4798 - 1,4039
16.3 7 2,000 5,348 0.1512 0.26 260 5.46 0.9656 2.1684
16,56 - 8 1.500 4,41 0.0882 0.24 180 4,009 0.8208 1.602
16,8 9 1.500 4,284 0.1176 0.36 170 3.893 0.8179 1.36
- 17.0 10 1,500 4,788 0.1075 0.27 - 150 3.0375 0.6504 1.173
11 1,500 5.376 0.168 0.15 . 300 6.54 1.5189 2.4972
~ Period 3. Diet + 15gms. CaClz=. = (3,75 gms. Cal).: |
S 17.2 12 1.500 4,767 0.2394 0.09 250 5.475 1.1188 1,9075
T 17.3 13 1.600 5.1072 0.3181 0.112 - 182 3.9494 1.2256 1.5142
17.5 14 1.500 5.376 0.39178 0.105 . 205 4,469 1.6006 "~ 1.,6488
17.6° 15 1.500 4,956 0.3801 0.12 175 4, 2665 1.385 . 1.6205
18,0 .16 1.800 5.2416 0.3579 0.126 195 4.095 1.441 1.6231
Period 3. Diet+15 gms.CaCl,. = (3.75 gms. Ca0).
. 18.2 17 1.800 6.0828 0.6653 0.108 . 225 4,608 1.4091 1.69
- 18.5 18 2.100 5.5R78 0.735 0.105 225 4,5225 2.07 1.1515
' 19 2.000 5.264 0.7952 0.11 . 200 4,05 1.8368 1.852
Period 5. Diet (no Calcium) | -
19.0 21 2.000 5.712 0.0532 1.64 . 230 4.77 0.7038 1.8067
19.0 22 2.300 5.313 1 0.05152 1.564 . 180 4,1958 0.4626 1.3734
19.3 23 2.000 5.152 0.0504 1.70 ‘200 4,658 0.4984 1.614
19.4 24 - 2,000 5.488 ~ 0.0364 1.60 200 4,566 0.4638 . 1.482
Averages for different Periods.
0.14 Period 1 4,02 0.0225 0.991 181 4,393 0.5252 : 1.557
0.23 2 4,841 0.1265 0.256 212 4.5879 0.9547 1.7601
0.2 3 5.1702 0.3610 0.116 192 4,2735 1.4755 © 1.6308
0.3 4 5.3956 0.7651 0.107 | 213 4,2863 1.9534 1.502
0.15 5 5.4160 0.0479 1.6261 193 4.8066 0.4m9 1.4898




Analytical Data to Experiments 11 and 111.

Analytical Data to Experiments 11 and 111.

Amovnés n Grams . Amounts im GCraws
Days 1se No Excret- Excret- Total T, N, Total Excret- Total Cal0. Total Ca0, Py O Exoret- Excret- Totsl PO,
in ed in ed in excret- Balance Ca0.in ed in excre ted excret- Bal- in ed in ed ia excret- Balance
Food. urine faecces ed. food urine in faeces ed. ance. food ur ine faeces ed
1 21,7378 3.78 4,.,5144 8,.2944 13,4434 0.652 0.0224 0.6323 0.654"7 0.0027 6.869 0.8 1.6164 2.4164 4.4526
2 3.57 3.416 6.986 14,7518 0.0336 0.4284 0.4620 00,1900 0.945 1.2394 2.1844 4,6846
3 3.948 4,99 8.938 12,7998 0.021 0.5826 0.6036 0.0484 0.855 1.806 2.6610 4,208
4 4,305 4,4023 8,7073 13,0305 0.0147 0.4816 0.4963 0.1557 1.215 1.539 2,754V 4,115
5 4,494 4,641 9.135 12,6028 0.021 0.501 0.522 0.130 1.14 1.5844 2,7244 4,1446
6 21.73178 4.704 3,7366 8.4406 13.8972 . 0,652 0.0784 0.4978 0.5882 2.5938 6.869 0.28 1.4039 1.6839 5,1869
7 5,348 5.460 10.8080 10.9298 . 0.1512 0.9656 1.1168 2.0352 0.26 2.1684 2.4284 4.4416
8 4,410 4,009 8.4190 13.3188 0.0882 0.8208 0.909 2.2430 0.24 1.602 1.842 5.027
9 4,284 3,893 8.1770 13.5608 0.1176 0.8179 0.9355 2.2165 0.36 1.36 1,72 5.149
10 4,788 3.,0375 7.8255 13.9123 0.1075 0.6504 0.75179 2.3941 0.27 1.173 1.443 5.426
11 5.376 6. 540 11.9160 29,8218 0.1680 1.5189 1,6869 1.,4651 0.15 2.4972 2.6472 4.2218
11 21,7378 4,767 5.475 10.242 11.4958 4,402 0.2394 1,1188 1.3852 3.0438 6.869 0.09 1.9075 1.9975 4.8715
12 5.1072 3.94%94 9.0566 12.6912 0.3181 1.2256 1,543% 2.8583 0.112 1.5142 1.6262 5.2428
13 5.376 4,469 9.8450 11,8928 0.3978 1.6006 1,9984 2.4036 0.105 1.6488 1.7538 5.1152
14 4,956 4,2665 9.2225 12.5153 0.3801 1.385 1,7651 2.6369 0.12 1.6205 1.7405 5.1285
15 5.2416 4,095 9.3366 12.4V12 0.3579 1.441 1.7989 2.6031 0.126 1.6321 1.7581 5.1109
16 21,7378 6.0228 4.608 10.6308 11.1070 5.652 0.6653 1.4091 2.0744 3.,5776 6.869 0.108 1.69 1.798 5.071
g 5.5272 4.5225 10.0497 11.6881 0.735 2.07 2.8050 2.8470 0.105 2.15156 2.2565 4.6135
18 5.264 4,05 9,314 12.4238 0.7952 1.8368 2.6320 3.0200 0.11 1,852 1.9620 4,907
19 21,7378 5.264 4,444 9.7080 12,0298 0.652 0.1232 1,9851 2.1083 1.4563 6.869 0.54 2,015 2,565 4,314
20 5.712 4,77 10.4820 11.2558 0.0532 0.7038 0.757 0.1056 1.64 1.8067 3.4467 3.4223
21 5.313 4,1958 92,5088 12.2290 0.0515 0.4626° 0.5141 0.1379 1.564 1.3734 2.,9374 3.9316
22 5.152 4.658 9.81 11.9278 0.0504 0.4984 0.5488 0.,1032 1.70 1.614 3.3140 3.555
23 5.488 4,566 10.054 11.6838 0.0364 0.4638 . 0.5002 0.1524 1.60 1.482 3.082 3,787
Averages.
Period 1 4,02 4,3930 8.4130 13.3248 0.652 0.0225 0.5252 0.5477 0.1043 6.869 0.991 1.5570 2.5480 4,3210
-2 4,841 4,5879 9.4289 12,3089 3.152 0.1265 0.9547 1.0812 2.0708 6.869 0,856 1,7601 2.0161 4.,8529
3 5.,1702 4.2735 9,4437 12.2941 4.402 0.361 1.4755 1.8365 2,5655 6.869 0.116 1.6308 1.7468 5.,1222
4 5.3956 4,2863 9.6819 12.0559 5.652 0.7651 1.9534 2.71856 2.9335 6.869 0.107 1.5020 1.609 5.2160
5 5.4160 4.8066 10.2226 11.5152 0.652 0.0479 0.4749 0.5228 0.1292 6.869 1,626 1.4898 301158 3.7532




EXPRRIIENT TV.

EXPERIMENT IV.

28.7 14

N

Urine. Faeces.
Y?i%?g Days. Volume TN, Cad . P2°5’ . Weirg{ht TN Ca0. P205.
Kilos. cca gns . gus .  gas? grms. gms. gns ., gims .
Pei’iod 1. Diet + 50 cc. CaCls. (approx 25%) = 2.933 gms. Cal. .

- 25.0 . ‘ 1 1,600 6.1376 0.5690 0.0760 160 5.9922 0.6370 1.8992
25.4 2 1,400 6.7032 0.8114 0.1686 270 | 10.0505 1.0897 3,2314
25.2 3 2,000 7.6720 0.9856 0.2160 330 11.0689 1.2847 3.16
25.8 | 4 1,800 73836 0.8921 0.1260 218 7.7368 0.8469 1.9790

Period 2. Diet 50 cc. CaClsre (approx.25%) = 24933 gms. Cal,

' 200 cc. bTa2H§O4 (approx.20%) = 3.93 gnms. P205.

27.0 5 2,000 8.1760 0.2352 0.6594 180 6.4580 0.7465 1.6398
26.9 6 2,500 8.9250 0.1820 2,2500 | 350 11.3701 1.7605 3.2095
26.9 7 2,500 7 7640 0.1360 2.4330 310 9.765 ,1.3'485 3.,0070
27,4 . 8 2,000 7 «3400 0.1008 2.6437 265 8.2812 1.1806 2.9415
27.3 . 9 ‘ 2,800 7 .6480 y 0.1411 2.8532 240 7 «584 1.3223 3.223

Period 3. Diet 50 ce Ca Cl,. (approx. 25%) = 2.933 gus. Cal. |
27,5 10 3,000 7,1344 0.2940 0.428 310 9.8270 1.4471 3.3200
27.8 11 2,800 8.3104 . 0.2705 0.2744 238 7 44280 1.2642 2.5347
28.3‘ 12 3,300 8.778 0.3003 o.3ééo 300 ' 9.3435 1.3236 2.802
28.6 13 3,300 9.3324 0.3049 0.2092 215 741412 1.0148 1.9221

5,800  11.1440  0.2862 0.1287 205 7 .1060 1.2177 2,1119




SAPERTIINGT V.

SXPHRIMENT V.

Urines. . Faeces.
Weight of Volume Tl ca0., P40 ! Weight T.N. Ccal P205.
Pig Kilos. Days. CasCe YIS o gYmSs . .g"; g i in gms. gris . gns . gms
Period 1. Diet. 5
28.1 1 2,500 10 .3600 0,.,1330 4,7500 i 255 3.3836 0.4458 1.3959
28.1 2 2,500 11.9800 0.1120 2,6500 695 9.6202 1.3058 5.1513
28.0 3 2,100 9.9960 0.0323 5.9850 430 6.1193 0.9092 3.3531
28.2 4 2,100 10.4654 0.1117 5.,5650 . 600 8.3100 0.9768 3.7034
28.5 5 2,200 9.6272 0.0802 5.2800 400 54,7269 0.6628 2,5100
29.0 6 2,400 10.0800 0.,0672 5.6340 430 6.,1795 0.6233 2.4351
- Period 2. 25 cc. Cod-liver oil. <+ Diet. ‘
29.3 7 2,200 9.8560 0.0739 544120 425 5.,0758 0.6115 2.3175
29.9 8 2,000 9.5760 0.0560 545600 470 6.2618 0.5748 2.4266
30.2 9 2,300 9.6600 0.0451 4,8300 490 6.7640 0.5581 2.4819
31.4 10 2,100 10,5940 0.0471 4,5780 460 6.0545 0.5354 " 2.8318
31, 11 2,400 10.5%64 0.0739 5.0880 420 5.7221 0.6178 3.1588
‘31, 12 2,700 10.7352 0.1172 5.0220 490 ©.5356 0.7561 3.4442
32.1 13 2,800 10.5056 0.1019 6.6080 520 7.0278 0.6362 2.9697
32.5 14 2,500 9.9400 0.0700 5.5500 530 741317 0.6137 2,9134
Period 3. Diet. + 25 gms. Lard.
3249 15 2,300 10.0744 0.0784 .7120 - 390 5.3894 0.3820 1.9816
33.2 16 2,800 10.5056 0.0784 6.1040 450 0359 0.3757 2,2248
33.7 17 3,200 11.1104 0.0672 5.,9520 | 490 6.7556 0.3350 2.3104
34.3 18 2,900 10,3936 0.0609 6.3220 470 6.6890 0.3004 2.0694
3444 19 2,900 - 10.9620 10,0893 6.0900 520 741677 0.2905 2.0332
35.1 20 3,400 11.7096 0.0952 6.5960 550 741616 0.3247 2.2315
35.8 21 3,200 12.0960 0.,0672 6.1440 | 460 6.1760 0.7199 3.3060
36.1 22 3,200 10.7520 0.0538 5.5680 570 6.7876 0.574 3.1002
Period 4. Diet + 25 cc. Linseed oil, - _
364~ 23 3,500 10.6820 0.0686 6.0200 | 440 5,5994 0.2728 1.8797
37.1 24 3,600 10,9358 0.0655  6,1200 | 430 5.9125 0.2589 1.7807
37 .4 25 3,200 11.2000 0.0072 6.1440 | 550 - 75576 0.2697 2.3639
377 26 2,800 10.4272 0.0706 6.2720 | 450 5,9850 0.1814 1.8347
38.1 27 3,700 11,1888 0.0570 6.4380 380 5.0187 0.1763 1.5276
33.9 28 3,100 11,2840 0.0508 545420 470 3098 0.2022 1.8795
39.9 29 2,600 11.1748 0.0582  3.8480 430 543759 0.2111 2.0928
Period Y. Diet , .
0 3,300 12.6588 0.0693 547420 550 72936 0.4796 4.,5694
28'8 %1 3,100 12,1520 0.0951 5.7040 500 5,7985 0.3685 3.1390
40.3 32 3,300 11.5038 0.0547 6.2040 440 0.2213 - 1.9316




Analytical Data to Ixperiment V.
Amounts ¢ Crams.,

Analytical Data to Zxperiment V.

Amounrits tn Cyams

T, Excreted | Bxcreted | Totel TN Total | Excreted | Total Cal| Total Ca0 P05+ Imxcret-|Excreted) Total PO
Days} in in in gxcreted.| Balance. Ca0 in|  ~ in excreted excretedd Balancel., Jp ed in in excret- 2°5
I%g§50d T urlneDiet faeces. food. urine. | in faeces food. | urine.|faeces. | ed. Balance.,
1 | 32.5320 |10.3600 3.3830 | 13.7436 18.7484 | 1.,0618 | 0.1330 0.4458 0.5788 | 0,4830 | 12,4754 4.7500|1.3959 | 6.1459 | 6.3295
2 11.9%300 9.5202 | 21,5002 10.93153 0.1120 1.3058 1.4178 | 0.3560/ 2.6500(5.1513 | 7.8013 | 4.06741
3 $.9960 6.11.93 | 1£,1153 16,4167 0.0523 0,9092 0.9915 | 0.0703" 5.985013.3531 | 9.3331 | 3.1372
4 10.4064 8.3100 | 1B.7704 13.7556 0.1117 0.9768 1.0885 | 0,0257° 5.5650(3.7034 | 9.2684 | 33,2070
9 9.6272 5.7269 | 15.3541 17.1779 0.0862 0.6028 0.7490 | 0.3128 ] 5.2800(2.5100 | 7.7900 | 4.6854
.6 5 . 20.0800 6.1795 | 16.259 16,2725 0.,0672 0.6433 0.7105 | 0.3513 ] 5.0340(2.4351 | 8.0691 | 4.4063
. erio N ~Diet 25 cc. cpa=-liver oil T | - - - P T
7 | 32,5320 | 9,8550 €.0753 | 15.9318 16,6002 | 1.0618 | 0.,0739 045115 0.6854 | 0.3764 | 12,4754 5.4120(2.,3175 | 7.7295 | 4.7459
8 " 99,5760 6.2018 | 15.7378 16,6942 0.0560 0.5748 0.6308 | 0.4310 5.5600(2.4260 | 7.9860 | 4.4838
9 9,6600 6.7940 | 16,4240 16.1080 0.0451 0.5581 0.6032 | 0.4586 4,8300(2.4219 | 7.3119 | 5.15635
10 10.5840 60,0540 | 16.6385 15.8935% 040470 0.5354 0.5424 | 0.5194 4.578012,8313 | 7.4093 5.06506
11 10,3864 5.7221 | 19,6085 15.9235 0.0739 0,517% 0.6917 | 0.3701¢ 5.0850(3.,1588 | 8,2408 | 4,2286
12 10.7352 05350 | 17.2708 15,2012 0.1172 0.7501 0.8733 | 0.1835¢ 5.0220(3.4442 | 8.4562 | 4,0092
13 10.5056 27,0273 | 17.5334 14.9986 0.1019 0.0302 0.7381 | 0.3237 6.60802.9697 | 9.5777 | 2.8977
14 9.9400 7,1317 | 17.0717 15.4603 0.0700 0.6137 0.6837 |0,3781 5.,5500[2.9134 | 8.4634 | 4.0120
Period| 3. Diet 25 gms.| Lard. 1 A T ‘
15 | 32,5320 |10,0744 5.3394 | 15,4028 | 17,0682 | 1,0618 |0.0734 0.3320 0.4604 |0.6014 | 12,4754 5.7120|1.9816 | 7.6936 | 4.7818
16 10,5056 6.0359 | 15.5415 15.9905 0.07534 0.3767 0.4551 | 0.6057 6.1040(2,2248 | 8,323¢ 4,1456
17 11.1104 0.7550 | 17,8500 14,662 10.0972 0.3350 0.4022 | 0.6596 5,0520(2,3104 | 8.2624 | 4,2130
18 10.3936 6.0890 | 17.0826 15,4494 10,0509 0.3004 0.3513 | 0.7005 £.,3220(2.0694 | 8.3914 | 4.0840
19 10.9620 741977 | 138.1297 14.4023 10.0893 3.2905 0.3798 |0.6820 $.0300(2.0332 | 8.1232 | 4.3522
20 11.7096 7.1616 18,8712 13.6508 0.0952 0.3247 0.4199 |0.0419: 5.5%9602.231 8.3275 | 3.6479
21 12,0900 | ©.1750 |13.2720 14,2600 10,0072 0.7199 0.7871 | 042747 ¢ 6.1440(3.3060 | 944500 | 3.0254
22 10,7520 | 6.787¢ | 17.5396 14.9924 0.0538 0,5740 0.6284 |0.4334 5.5580 |3.1002 | 8.0632 | 3.8072
Period 4. Diet. ZH cc, Linge=d oil, B S =T - 1 b R I ,
23 |32.5320  10.6820 5.5994 | 10.2814  16.2906 | 1.,0618 |0.0085 2728 0.3414 | 0.7204 | 18,4754] 5.0200(1.8797 | 7.3007 | 4.5757
24 110.9368 5.912 16,3493 15,0827 0.0655 - 0.2589 0.3244 |0.7374 6.1200 11,7807 | 7.9007 | 4.5747
25 '11.2000 745576 | 187570 13.7744 10,0572 - 0.2697 0.3369 |0.7249 6.144012,3639 | 8.5079 | 3.9075
26 110.4272 5.9050 15,4122 16,1198 0.0706  0,1514 0.2520 |0.3098 6.2720 11,8347 | 8.1067 | 4.3587
27 111.1888 5.0187 |16.2075 16,3245 10,0570 0.1.763 0.2333 |0.82585 6.43380|1.5270 | 7.9550 | 4,5098
28 11,2840 0.3095 |17.5938  14.9382 10,0607 0.2022 0.2629 |0.7989 5.6420|1.8795 | 7.5215 | 4.9539
29 11,1748 . 5.3759 |16.5507  15.9813 |0.0552 0.2111 0.2693 [0.7925 3.8480(2.0928 | 5.9408 | 6.5346
Period 5. Dief 1 . T,
30 |32.5320 ‘52.6588 ©7.2936119.9524 112-5796 1.0618 {0.0693 044796 045489 | 0.5129 |12.4754| 5.7420|4.5594 |10.3114 | 2,1540
31 12.1520 5.7985 |17.9505  14.5815 10,0651 0.3685 0.4230 | 0.5282 5.704013.1390 | 8.8430  3.6324
32 11.5038 5,6703 |17.1741 1 15.3579 10,0647 0.2213 0.2860 |0.7758 6.2040|1.9316 | 8.1356 | 4.3398




sia PrRTMBET VI

TXPERIMENT VI,

Urine. > Faeces.
Weight Total BP0 Weight of Total Total
of Dog. Days. Volume ., Tl cal. 275 dried , TeNo Cal 205°
gTms . _ CeCo TS o SIS, grms . , faeces. grms. g8 . grms.
Period 1., Diet + b grms. Calciwa Lactate = .0584- grms. Cal. ! ) _
1 600 02,3638 0.0933 0,2040 [ 10.4 043627 1.1853 0.9546
4,420 2 1,000 2.1900 0.0636 -~ 0.2600 ] 15.3 0.5418 1,5100 1.2843
4,430 3 1,000 2.,5480 0.0798 "~ 0.2000 ; 11.0 0.4096 1.3706 .1184
4,420 4 1,000 245760 0.,0742 0.2100 g 6.8 0.2545 0.7740 0.6724
4,430 5 1,000 2.2120 U,O749 ) 0;1900 ; 16.8 0.6460 1.8984 1.5504
4,450 b 1,000 2,3660 0.0728 - 0.1700 | 5.3 0.2513 0.7438 0.529
4,460 7 1.000 2.4640 0.0672 - 0.2300 | 8.3 0.2688 1.0000 0.8200
v Period Z. Tiet + O grms Cg Lclum Lacvateth grms NaZHPO4. 5 .
= 1.,0854 grms., Ca0,+1.06 grus P205 ;
4,450 8 1,000 2.3100 . 0,0224 "0.6800 : 19.73 0.6899 2.2302 2.,0251
4,460 9 1,000 2.5200 0.0132 0.7700 13.00 0.4589 1.6084 1.6539
4,480 10 1,ooo 2.4780 0.0238 047200 7«43 0.23898 0.,9303 0.947
4,450 11 1,000 2 4080 0.0238 - 0.8400 7,81 0.2615 .0850 1.1123
4,470 12 1,000 2.5620 0.0182 10.8300 19.42 0.7079 2.3969 2.4382
4,450 13 1,000 0. 7160 0.0210 0.3300 5.65 0.2152 0.7752 0.8158
4,510 14 1,000 "2 ,2400 10.0154 . & 0.8200 15.84 0.5896 2,1011 2.1146
' Period 3. Diet + 6 grms Calc. Lact.+ 5 grms. IWaQHPO4 , ;
: 10 cec. Cod-liver oil. -
4,540 15 1,000 2.2400 0.0210 ‘o .8300 7454 0.2800 1.0049 1.0556
4,590 - 16 1,000 2.1280 0.0168 0.8000 11.93 044420 1.5278 1.56006
4, 1500 17 1,000 2.3100 0.01568 - 0.7500 14,91 0.5212 1.8578 1,0338
4,630 18 1,000 2.3140 0,0163 0.8800 / 12.55 0.4614 1.5300 1.5842
4,650 19 1,000 2.3240 0.0132 00,9200 ; 5.15 .0.1757 0.6408 0.6759
4.670 20 1,000 2.3562 0.0159 - -0.9240 @ 15.16 0.5529 1.7642 1.8082
4650 21 1,000 2.3240 0.0210 - © 0.9100 ; 14.88 0.5565 1.8033 1.8845
Period 4., Diet + 6 gruas Calc. Lact.+ 5 grms, Naf,HPOAr ‘
+10 grms Lard (new solution Na,PO,.) AT :
4,690 22 1,000 2,5480 0.0196 . 0.8800 | 7 .47 0.2631 0.7958 0.8785
4,720 23 1,000 242260 0.0194'»1r’ 10,9200 7«54 o.zbzl 0.8503 0.9598
4,750 24 1,000 2.4030 0,068 . 0,8100 19.93 0.7335 2.3123 243390
4,770 25 1,000 245060 0.0154 . .  0.9700 L 12,10 0.4335 1.3198 1.4541
4,790 26 1,000 2.1550 0.0126 .= 0.8900 6,10 0.2346 0.6284 0.7480
4,820 o7 1,000 2.2400 0.0154 -~ - 0,8900 7 .10 0.2706 0.8678 0.9685
4,850 28 1,000 2.1700 0.,0210 ~ 0.8100 18.2 0.6926 1.9890 2.1383
Period 5. Lo Calcium or Phosphorus,
4,320 29 1,000 2.3100 0.0182 0.6700 8.80 0.3584 0.6284 0.7152
4,820 30 1,100 2,3100 0.0135 0.6930 10 .64 0.4244 0.4091 0.6448
4,800 31 1,000 2,5480 0.021.0 887 0.3618 - 0.,1478 0.5788

0.8200




Analytical Data to Zxperiment V1.

Amounis v Zes

CAO in Cal in Ca0 in Total Ca0  Ca0 P, O.in P,O0, in P, Osin Total P,0, P, 0s
food Urine faeces excreted balance foo& Urine Faeces excreted balance

Period 1, Diet 6 grams Calc. Lact. = 1.0584 grms Ca0.

1,6370 0.0983 1,1853 1.2836 - 0,3b534 1.8566 0.2040 - 0.9546 1.1586 0.6980
0.0686 1.5100 - 1.5786 ‘ 0.05684 0.2600 1.2843 1.5443 0.3123
0.0794 1.3706 1.4500 0.1870 : 0.2000 1.1184 1.3184 0.5382
0.0742 0.7740 0.8482 ‘ 0.7888 0.2100 0.6724 0.8824 0.9742
0.0742 1.8984 1.9726 - 0.3356 0.1900 1.5504 1.7404 0.1162
0.0728 0.7438 0.8l66 = - 0.8204 0.1700 0.6295 0.7995 1,0571
0.0672 1.0000 1.0672 N 0.5698 0.2300 0.8200 1.0500 0.8066

Period 2. Diet 6 grams Calc. Lact. 5 grms. Na, HPO,
} - 1.0854 grms, Ca0, 1.06 grms. P O o :
1.6370 - 0.0224 2.2802 2,3026 0.6656 2.9166 0.6800 2.0251 2.7051 0.2115

0.0182 1.6084 1.6266 -~ . 0.0104 0.7700 1.6539 2.4239 0.4927
0.0238 0.9303 0.9541 - 0.6829 0.7200 0.9475 1.6675 1.2491
0.0238 1.0850 1.1088 - . 0.5282 0.8400 1.1123 1.9523 0.9643
0.0182 2.3969 2.4151 = 0,7781 0.8300 2,4382 3.2682 0.3516
0.0154 2.1011 2.1165 o 20,4795 0.8200 2.1146 2.9346 0.0180

~Av, 0.0200 A. 0.5170

= — e —— - R .

Period 3. Diet 6 grms Calc, Lact. 5 grms Na HPO,
10 c¢c. Cod~Liver 0il.

1.6370 0.0210 1.0049 | 1.0259 0.6111 2.9166 - 0.8300 1.0556 1.8856 1.0310

0.0168 1.5278 1.5446 0.0924 0.8000 1.5606 2.3606 0.5560
0.0168 1.8578 1,8746 - 0.2376 2.8866 0.7800 1.9338 2,7138 0.1728
0.0168 1.5300 1.5468 0.0902 0.8800 1.5842 2.4642 0.4224
- 1.6034 - 0.0182 0.6408 0.6590 0.9444 0.9200 0.6759 1.5959 1.2907
0.0169 1.7642 21,7811 : 01777 0.9240 1.8082 2,7322 0.1544
0.0210 1.8033 1.8243 - 0.2209 0.9100 1.8845 2.7945 0.0921
~__Av. 0.1600 . : : :

Period 4, Diet 6grms. Calc. Lact 5 grms Na , HPO,
10 grms. Lard (new solution Na HPO)

1.6034 0.0896 0.7958 0.8154 0.7880 2.9866 0.8800 0.8785 1.7585 1,2281
0.0154 0.8503 0.8657 0.2377 ‘ 0.9200 0.9598 1.8798 1.1066
0.0168 2. 3123 2.3291 - 0.7257 0.8100 2,339V 3.,1490 0.1624
0.0154 1.3198 1.3352  0.2682 0.9700 1.4541 2.4241 0.5625
0.0126 0.6284 0.6410 0.9624 0.8900 0.7480 1.6380 1,3486
0.0154 0.8678 0.8832 0.7202 0.8900 0.9685 1.8585 1.1281
0.0210 1.9890 2.0100 ~ 0.4066 0.8100 2.1883 2, 9983 0.0117

‘ __Av. 0.3330 o B

Period 5. No Calcium or Phosphorus. - T T T T T e

0.5786 0.0182 © 0.6284 0.6466 0.0498 1.8566 0.6700  0.7152 1.3852 0.4714
0.0185 0.4091 0.4276 ~0.1695 0.6930 0.6448 1.3378 0.5188
0.0210 0.1478 0.1688 - 0.4098. 0.8200 0.5788 1.3988 0.4578

Av. 0.1800




‘Mény poihts of interest have emerged during this
invéstiéatioh, and reference to one in conclusion may
not be ouf of place.

A long series of faecal determination on & single
animal‘bring strikingly to one's notice the constant
composition of the faeces. A consideration of the
question shows that the production of a perfectly-
formed faecal mass is a physiological problem essential
to health and complicated to a degrse. The regulation
of the contents of a muscular tube open at both ends
must be still more difficult than the regulation of
the blood ciréulating in a cloged system.

The constancy of the proportion of Ca and P, for
inétance, and the difficulty of altering the P percent-
age compositibn of the faeces by administration of
large doses of P salts suggests an intimate regulation
by some controlling mechanism, The problem of the
negati§e Ca balence has alWays.been difficult, Here
is é sﬁbéténce, necessary to the bodily economy, not

merely being withheld; but ever abstracted from, tissues



a8 retentive as epiphyseal cartilsge, This cartilage
as proved by Findlay (65) has not lost its Ca affinity.
It is obvious that calcium can only be withdrawn to
meet some greater need.

Considering the analogy between the hollow muscle
of the gut and of the heart a possible explanation is
suggested. The rhythmical contractions of the heart
are greatly dependent upon the presence and proportion
of mineral gubstances in the blood, and the slower
though equally vital contractions of the gut must be
influenced also by this factor, Regarding the thirty-
six feet of human intestine as a great "heart" perfused
by & Ringer's solution, the question of a mineral with-
drawal even from the skeletal stricture of the body, to
maintain an altered osmotic pressure, or ionisation,
would appear in another 1light. It should not be for-
gotten that the osteoclastic mechanism is preserved
far into adult life and that the "fixed alkali reserve"
is not perhaps so fixed as anatomy would indicate.

Graphs A & B have been drawn to show the~g£gggggrn
t+ew in the channel of excretion of either Ca or P
produced by s modification of the mineral content of the

food in respect to one constituent only, calcium being

constant in one and phosphorus in the other,
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