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I. INTRODUCTION,

INVESTIGATIONS earried out during recent years on the subject of
diet have not only brought to light the importance of quality of the
food but have also emphasized the necessity of balance among some
of the essential constituents. This need of balance of foodstufis
depends upon the interaction of different dietetie factors, which is
of such a nature that alteration in the amount of one often necessi-
tates change in another before normal development and function
can result. The present publication deals with one aspect of this
problem, namely, the interaction of food factors on hone caleifiea-
tion. Probably in no physiological activity so far studied do action
and reaction of dietetic elements stand out more prominently than
in the growth and hardening of bone.

It might be thought that a physiologieal process whose outcome
was the deposition of caleium phosphate in growing bone would he
relatively simple, and would be influenced to a large extent, or even
solely, by the amounts of caleium and phosphorus in the diet. In
previous publications [1 a, b, ¢, d], however, I have shown that this
18 not the case, but that, among other dietetic factors which in-
fluence the process, a caleifying vitamin, the anti-rachitic factor,
plays a prominent part, and this has been amply confirmed by
others, (Korenchevsky [23 «], MeCollum, Simmonds, Shipley and
Park [4 ¢.]) Another important food constituent influencing bone
calcification, but in an opposite sense to the anti-rachitic vitamin, is
found in cereal. (. M elﬂmh}r, [l d,ef g.]

Cereals have long formed the major part of the diet of man,
From a physiological standpoint the%; have been considered almost
entirely as sources of energy, of earbohydrate and of protein, and
on this basis their dietetic value has been appraised. Tt is true that
the presence of vitamin B in natural cereals, and its loss in the
manufacture of many products, is an important fact to be reckoned
with in any consideration of the relative nutritional value of
different preparations of a cereal. For instance, the relative dietetic
value of polished and unpolished. vice centres round the vitamin B
content of these foods. These observations have not, however,
led to the belief that there arve important differences in food
value among the natural cereals themselves, exeept such as can be
explained in terms of their known physiological constituents, The
experimental work deseribed here demonstrates that various
common cereals have different effects on the growing animal, and
that these differences cannot yet be explained on the basis of their
known constituents.

It has long been recognized that rickets often develops in children
whose diets contain much carbohydrate, and many elinicians, amon
whom may be mentioned Cheadle [2]. have taught that carbohydrate
and earbohydrute-containing foods are important aetiological factors
in this disease. Sometimes the carbohydrate of cereal in the form of
starch was blamed, while at other times the simpler polysaccharides
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found in malted foods or in sweetened econdensed milk were
regarded as the offending dietetic substances. Little, if any,
attempt seems to have been made either to place the suggestion on
a definite seientifie basis or to determine the relative importance of
the different forms of earbohydrate or of carbohydrate-containing
foods as eansative agencies in rickets.

In earlier publications on experimental rvickets in puppies
(E. Mellanby, [1 ¢, d]) Ishowed that, under certain dietetie conditions,
the intensity of the disease which developed was related to the
amount of bread eaten. On diets the prineipal defect of which
was a deficiency of anti-rachitic vitamin the rickets was most
shrun%ly developed in those animals which ate the most bread when
all other factors of diet and environment were kept constant. The
animals which ate most bread put on most weight, and, within
limits, had a more rapid growth of bone. It appeared that the
greater rate of bony growth resulting from inereased bread eon-
sumption necessitated a greater intensity of ealcification to keep pace
with the development. If there was no eorresponding inerease of
those factors coneerned with ealeifieation, more severe rickets would
develop. As an explanation of the experimental results [ accepted
the view widely held that the starch in the bread was 1*aqlm1lsible
for the rickets-producing action. 1 thought, however, that this view
should be tested, and therefore attempted to feed puppies on diets
deficient in anti-rachitic vitamin and whose carbohydrate content
alone varied. Starch, cane sugar, and glucose were added as extra
carbohydrate. Many of these experiments failed because of the
difficulty of inducing puppies to eat quantitatively diets containing
much pure carbohydrate, more especially as experiments of this
nature must continue over three or four months before a satisfactory
outeome can be attained. In one fairly satisfactory series of three
puppies, where the experiment was carried on for an adequate

iod, the influence of the extra glucose ingested was not great, so

as defect in endochondral ossifieation of the bone was eoncerned,
but beeame more obvious when mm{mrisnn of the ealeium present
in the bones of the respective animals was made. For instance, the
femur shaft of the puppy on the control diet without extra earbo-
hydrate contained 14 per cent. of caleium oxide, while that of the
puppy which had eaten an extra 50-90 gms. of glucose daily only
contained 9-6 per cent. of this substance. That is to say, the more
carbohydrate eaten at a time when the diet was deficient in anti-
vachitic vitamin, all other factors of the diet and environment being
kept constant, had resulted in greater bone defect. But while this
was the case, I did not feel satisfied that the rickets-producing
effect of bread in the earlier experiments was solely due to its
carhohydrate moiety, and suggested that < bread may contain other
offending constituents’ [1 . :

In the same publication it was suggested, although the point had
not heen tested by experiment, that other cereals would be expected
to behave in a similar way to bread, and that inereasing the amount
of oatmeal and rice in the diet would, under the conditions de-
seribed, also intensify the rachitic condition produced. A further
suggestion was made that cereals would prove to differ in their
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rickets-producing effects ; that, for instance, oatmeal would be
expected to have a less intense rickets-producing action than white
wheaten flour, and that unpolished rice would not be as potent as
polished rice. These suggestions were based on the view that
a cereal like oatmeal, which contains much more caleium and
phosphorus than wheaten flour, would either assist in the deposition
of these elements in growing bone or, at least, would have a slighter
interfering action. From this standpoint the suggestion not only
seemed reasonable, but it might be further claimed to have the
veneral support of those interested in dietetics. However, the
results of experiments deseribed below will show the danger of any
surmise on the subject of dietetics, when the point has not been
tested experimentally.

I have already described many of the experimental results detailed
in this publication when reading papers to or giving lectures before
different societies, among which may be mentioned the Oliver-
Sharpey lectures of the Royal College of Physicians in 1922 [1 ¢] and
the discussion on the actiology of rickets at the Glasgow meeting of
the British Medical Association in the smne year [1 f]. Since that
time I have endeavoured to get some insight into the sequence of
events and more especially to find the substance or substances
in cereals which, under some conditions, interfere with the calei-
fication of bone and the proper functioning of other tissues. This
problem has proved more difficult than 1 expected, for its solu-
tion does not appear to depend, as seemed at first probable, upon
some well-recognized dietetic factor or factors, The elimination of
each known factor in turn is a slow process, but it is only when
this has been done that fresh ground can be broken. Although the
investigation is still incomplete, I have decided to publish the facts
as I have so far observed them, partly because of their practical
importance in dietetics, and also beeause they put into better per-
spective one aspect of recent work on rickets, more particularly
emphasized by American investigators, viz. the question as to the
importance of the phosphorus and caleivin elements of the diet in
the aetiology of the disease.

Further, as I have previously urged, they give emphasis to the
importance of balance in dietary constituents.

1 shall first give an account of experiments which demonstrate
the relative rickets-producing ! effect of different cereals, and then
deseribe some attempts made to discover the cause of these differ-
ences.  Evidence will also be given which shows that the rickets-
producing effect of eereals can be modified to varying extents not
only by other constituents of the diet but also by radiations of the
ultra-violet lamp applied either to the skin or some foodstuffs. In
some instances the antagonizing influences can completely overcome
the effect of cereals, whereas in other cases the antagonism is not
so complete. It will be seen that there is a constant battle going
on among dietetie elements as regards the ealeification of bone, some
substanees stimulating and others preventing the process, and the
ultimate structure of the bone is the outeome of the conflict.

L The term * rickets-producing ' is used throughout this publication in a general
sense and does not necessarily imply the presence of an active and specifie agent.
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The present investigations seem to show that it is use-
less to attempt to explain problems connected with ealcium and
{)hmplmrus metabolism in terms of mineral salts alone. More
ight will only be thrown on the subjeet when a elearer view of all
the forees engaged and of their mode of action is obtained,

II. EXPERIMENTAL METHODS.

I have previously described the feeding technique of this ex-
perimental work on puppies. The majority of the experiments
recorded in this publication was carried out at the Field Laboratory,
Sheffield University. The conditions were more uniform than
those at Cambridge, where much of the earlier work was per-
formed.

The basal diets used as a rule consisted of separated milk,usually in
the form of a powder, meat from which all visible fat was removed,
cereal, orange juice, yeast, sodium chloride, and a fat. The fat used
was generﬂnﬁy olive oil when the effect of cereals was being tested.
In most of the experiments deseribed below the cereal of the diet
has been the special object of investigation, and has therefore been
the chief variable. These diets are not ecomposed of purified food-
stuffs. each of which represents a dietetic unit. It would be well-
nigh impossible to carry out many feeding experiments on dogs
along lines identical with those used in the rat experimental work.
Even in the rat work the use of complex substances, such as yeast
and cereal, in many ol the synthetic diets, lays these investigations
open to a criticism similar to that sometimes urged against the
diets used in the experiments on dogs. The diets of the experimental
puppies have the merit of being eaten quantitatively with relish, so
that each member of a litter eats the desired amount of food. In
this respect the feeding experiments on rats usually fail. In
addition, puppies grow well on these diets, at least in the early
stages, a,ng t]x]\e development of rachitic symptoms, both as regards
rate of onset and intensity, can be fairly well controlled by altera-
tions in their composition.

These qualities, and the additional ones of relative cheapness and
ease of preparation, far outweigh the defect of being more obseure
in their composition than are some of the diets used in the rat
work. Further, no one ean investigate the action of food without
feeling that there are other dietetic factors still undiscovered which
play an active part in the general nutrition of animals. In faet,
this investigation dealing with the effect of cereals on rickets
strongly indicates the presence of some hitherto unknown dietetic
factor. It is probable that such unknown substances in diet can
best be brought to light by working on foodstuffs as eaten by man.

In this publieation attention has been fixed on the bones, but of
course it is needless to add that, as in the human disease, many
other organs are influenced as the result of the dietetic changes.
Some of these dealing with musele have already been deseribed to
the Physiologieal Society by Clifford, Surie, and myself, and will be
published separately.

The methods used for determining the bone changes included, as



) EXPERIMENTAL RICKETS

before : during life, (1) general appearance and aetivity, (2) radio-
graphic examination ; and after death, (3) histologieal examination
and (4) the estimation of the caleium content of the bones. It is
unnecessary to repeat the details of the methods and the difficulties
encountered, as these have been dealt with in a previous publieation,
but one or two points as regards the correlation of the different
results might well be mentioned. When an animal continues to eat
its diet completely to the end of the experiment, the various records
obtained by radiographic, microscopie, and chemieal examination,
as well as the general behaviour and appearance of the animal, will
indicate the complete result, and each record will be in harmony
with the other. But one or more puppies of a series may develop
severe rickets in the course of the experimental period, and as a
result begin to leave part of their food. When this happens, since
each animal compares with the others of the series, an attempt is
made to keep the animals comparable by redueing the diet given to
all the members of the series. Often it becomes impracticable to
reduce the general diet sufficiently, and, at this stage, either the
experiment is terminated or, if econtinued, those animals still refusing
to eat their rations are left behind. When the reduction in diet
takes place, as I have previously pointed out, cessation in the pro-
oress of the disease and even some recovery in the rachitic changes
may follow, so that at the end of the experiment radiographie
and histological appearance and chemical eomposition of the bones
sugrest a condition better than was present several weeks before,
as indicated by X-ray examination and general behaviour. Other
dogs in the same series may have continued to eat their diets and, if
these arve rickets-producing, will have got steadily worse to the
end. Thus the end result will not always necessarily record the
veal state of affairs, because in the worst cases the disease may have
improved, and in the slighter cases got worse during the later
weeks,  This diffieulty, depending upon the rapid development of
very severe rickets and subsequent recovery when the diet is not
completely eaten, concerns more particularly the experiments in
which oatmeal is the cereal of a diet deficient in anti-rachitic vita-
min. Reference to the weight curves will show that, again and
again, the animals whose diet eontains oatmeal as the cereal begin to
lose weight after a period, This loss of weight coincides with the
development of severe rickets (see Figs. 2 and 8). The rapidity and
severity of the disease which develops under these conditions is
generally great, and it is in the case of these animals especially that
the results have to be interpreted with diserimination. Thus, in
order to overcome some part of the difficulty, I have tried in most
eases to place side by side the radiographs of animals of a series
taken before the healing process has commenced in any of the
animals, i. e. before they have become ill and refused to eat their
food completely. The radiograph at this early stage may show very
bad rickets, whereas the structure and the ealeium content of the
bones at the death of the same animal may not suggest such severe
rickets because of the healing process that may have set in. In
a few cases the earlier radiographs have not been reproduced, and
the later ones show healing changes, and thus do not indicate how
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severe the rachitic condition has been when at its maximum. I
have marked on the weight curves the time when ihe radiographs
used as illustrations were taken. The wrist joints of all experi-
mental animals are usually radiographed at intervals of a few
weeks.  This mode of examination has the merit of affording an
accurate record of the progress of the disease.

It is often difficult to realize the profound general changes that
are found in animals in association with what at first sight may
seem to be but slightly abnormal radiographie appearance. 1 have
therefore included in the illustrations a few photographs of dogs,
which allow the comparison between the general appearance of the
animal and its radiograph to be made.

The interpretation of the ealeium content of the bones also

resents dificulties at times. When comparison is being made

tween the effect of diets containing abundant anti-rachitic vitamin
with those containing little, the difference between' the calcium in
the bones in the two cases is so great as to overshadow minor in-
fluences. When, however, the action of different coreals is being
compared, the diets are also deficient in the calcifying vitamin, so
that the caleium content of the bones is genevally low, and differ-
ences are relatively smaller. In such circumstances extraneous in-
fluences become more prominent, so that, for instance, a period of
ill health involving loss of appetite, before the end of the experi-
mental period, may alter the percentage of ealcium in the bone so
4s to put it apparently out of harmony with the other manifesta-
tions of rickets. This condition becomes of particular import in the
figures representing the percentage of caleiun oxide in the dried
bone. Loss of appetite and loss of weight in puppies are often
accompanied, as I have previously poinl:edgnut, by disappearance of
 fat from the bone marrow,and its place is taken by the fiuids of the
body. On drying the bone, much of its weight is lost owing to
- evaporation of water, whereas in the case of the bone of the

lmﬁier animal the fat remains after drying, and the difference
- between the weichts of the dry and fresh bone is less. Thus, in the
case of an animal which has stopped eating its food the percentage
of caleium oxide in terms of the weight of the fresh bone may be
low, but of the dried hone comparatively high. Ill health and loss
- of appetite in these experiments are ustally the outcome of potent,
rickets-producing diets, so that a somewhat high percentage of
caleium oxide in terms of dried bone is disconeerting, but, in view
of this explanation, of no great significance. In order to assist in
the interpretation of the caleium results I have given the total
amount of ealeium oxide in the femur shaft as well as its percentage
- weight. It will be noticed that this figure is low in bad cases of
rickets and higher in more normal animals.
- The fact is that when big differences, produced by a particular
condition, are being studied, any of the methods used will provide
definite evidence of the action. There is never, for instance, any
difficulty in deciding that oatmeal, under the eircumstances
(described, has a much greater rickets-producing influence than
- Wwhite flour. When smaller differences have to be observed, all the
Tesults must be marshalled and examined, and a decision come to
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after judgement of the whole. The general condition and appear-
ance of the animal, its activity and ability to vun, are also of great
importance to the observer, but these indications are more diffienlt
to record and deseribe with aceuracy.

In each series of experiments the puppies were of the same litter.

II1. INFLUENCE OF CEREALS ON RICKETS.

(A) Tue RerarioN oF THE INTENSITY OF THE DISEASE To
THE AMOUNT oF CEREAL EATEX.

The following experiments, typical of a number earried out, show
that just as increasing the bread of a diet deficient in anti-rachitic
vitamin increases the intensity of rickets in puppies (E. Mellanby
1. d), so also an increase in the amount of another cereal, in this
case oatmeal, intensifies the bone defects.

Influence of incrensing Oatmeal in a Diet deficient in
Anti-rachitic Vitamin.

Age at beginning of experiment: 7 weeks.

General diet consisted of separated milk powder 15 gms., meat
10 gms., linseed oil 10 c.ems., orange juice 3 c.cms, yeast 5 gms.,
sodium chloride 1 to 4 gms.

In addition to these substances :

502 received 60 gms. oatmeal daily in the form of porridge.

509 120 gms. - ¥ i S

These animals lived out of doors during the day time thronghout
the experimental period. '

TasLE L.
’ : LR Weight. fuld in Femur Shaft.
No.uf Dhigt. [ Erpt 25 5 Hiszl
Expt, | Variable, | of Expt. [nitial. Final. | Max. Percentage. | Amount. L
Weeks, | gms.  gms. | gois Dry. | Presh. | s
502 | Up to 60 15 1080 8280 | 3250 153 | 111 057 | Rickets
ZIms. |
Oatmenl
509 | Uptol20 | 18 1255 | 2970 | 8450 | 125 | 7.6 | 0.36 | Bad rickef
| Zins. | | after 18 | {
Oatmeal . wieeks l | i

The radiographs taken after 9 weeks of the diets (Figs. 1 and 2), the
caleium contents of the hones, and their histological structure make
it evident that 509, the puppy which had eaten the larger amount
of oatmeal, developed the worse rickets. It will be further noted |
that (Fig. 3), although 509 put on weight more rapidly than 502,
owing to the greater amount of oatmeal eaten, this reached a
maximum after 13 weeks of the experimental period, and thereafter
the animal lost weight while 502 eontinued to grow until the end
of the experiment. As explained above, this is a common ex-
perience in feeding experiments when oatmeal is the cereal eaten,
especially if in large quantitios, and the diet is also deficient in anti-

Beasb i ol ol e i )
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rachitic vitamin, Under these ciremmstances the animals develop
rickets very rapidly and intensely, and thereafter refuse to eat
their diet quantitatively. As I have previously shown, a diminu-
tion in amount of food eaten often results in curative changes,
so that at the end of the experimental period the differences in
it;atensity of the disease may not be so prominent as at an early
stage.

rther examples showing the effect of inereasing the cereal
element in the diet, other factors being kept constant, will be seen
in Experiments 712 and 713, 714 and 717 (see Table 17 and Figs.
64, 65, 74, and 75, also 66, 69, 76, and 79).

It may be concluded that, when the diet is deficient in anti-
rachitic vitamin, increasing the amount of cereal eaten, either
catmeal or white flour, intensifies the severity and increases the
rate of onset of rickets.

(B) Tue VariaTiox 1x 1HE Rickers-Propuciye Errect
oF DIFFERENT CEREALS.

; E:{Per.iments will now be deseribed which demonstrate the rela-
- tive rickets-producing effect of equal amounts of different cereals.

Cuomparison between White Flowr, Whole Meal Flovr, Oatmeal,
witd Unpolished Rice.

FErperiments 418, 419, 421, and 422,

A.Ee at beginning of experiment : 8 wecks.
The general daily diet eaten by all econsisted of separated milk
gowder 20 gms., meat 10 gms, olive oil, 10 cems, lemon juice
e.cms., yeast 5 gms., and sodinin chloride 1 to 3 gms.
In addition 418 received 30-150 gms, white flour

2 419 - 1 unpolished riee
. 421 + = catmeal
» 423 e & whole meal Hour.

The cereals were cooked in separate compartments of the same
steamer.
TasLE 2.

|
Wreieht, I Cal i Feinur Shoaff

Dit. | Duration .
Variahle, | ¥ ETPL \Pnitial, Final.  Mux. | Percentage. | Ancount,  Hislology.
Weeks, | gms. | gms. | e, | Dry. | Fresh. | gms.
bt e : mlesud
18 | White flonr | 143 1450 3380 8580 222 146 | 074 Some

rickets

Unpolished 12 1410 | 8800 $300 | 217 | 125 0.7l Rickets
riee

Oatmeal 144 1680 4430 4430 133 | T35 046 Very bad

rickets

Whole meal 14} 1820 | 4250 4250 1900 | 10.2 06 Bad rickets

The radiographs of these animals, taken after 14 weeks of the
diet (except 419, 12 weeks), can be seen in Fi;fr;s. 4, 5, 6, and 7.
421 (oatmeal) has developed rickets most severely. Of the others
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429 (whole meal flour) is worse than 419 (rice) and this is a little
worse than 418 (white flour).

The histological appearance of the bones shows that oatmeal has
produced much the worst rickets in this series; then come whole
meal flonr, unpolished riee, and white flour, which has produced leash
rickets.

The ealeium content of the bones is also in agreement, the order
being oatmeal (worst), whole meal flour, riee, and white flour. The
seneral appearance and activity of these animals lead to the same
conclusion. 421 (oatmeal) was the most rachitie in appearance and
least active. 418 (white flour) was the most normal animal of the
series and quite active. 419 (unpolished rice) was not so active as
418 (white flour) but was better than 422 (whole-meal flour), whose
movements were limited after 10 weeks of the diet.

The rice experiment (419) was terminated two weeks hefore the
others hecause the puppy was suspected of having developed
distemper. Up to within 2 or 3 days of its death this animal was
quite well and eontinued to increase in weight to the end.

One other point in this series must be mentioned, namely, the
fact that the difference in the degree of rickets hetween 422 (whole
meal flour) and 418 (white flour) was greater than was found in
other similar experiments. This might possibly be accounted for
by the type of whole meal flour used in this experiment, which
was earried out in 1921 at Cambridge. It will be noficed, also,
from the weight curves of this series (Fig. 8) that 422 (whole
meal flour) inereased in weight more rapidly than 418 (white flour),
although the diets were closely comparable. This greater increase
in weight would, no doubt, accentuate the difference in the intensity
of rickets which developed in these animals.

The rickets-producing order in these experiments cane out:

(1) Oatmeal (much the worst).
(2) Whole meal flour.

(3) Rice.

i4) White Hour.

Whereas oatmeal was much worse than whole meal there was
not a great difference hetween the other three cereals.

Comparison belween White Wheaten Flowr, Whole Meal Flour,
Oatmeal, Bavley, Polished Rice and ‘ Commereial Gerim' and
Polished Rice.

Erperiments 460, 461, 462, 463, 464, and 465,

Age of puppy at beginning of experiment: 6 weeks.

The general daily diet eaten by all included separated milk
powder 15 to 20 gms, olive oil 10 c.ems, meat 20 gms., yeast
10 gms., sodinm chloride 1 to 4 gms,, orange juice 5 c.cms.

In addition 460 received 30-160 gms. white flour

% 461 x & whole meal flour

s 462 . 2 oatmeal

,, 4453 ] 2 harley

5 464 . " polished riee and 20 per
eent ¢ commereial wheat
oerm |

465 b : pu]fshﬂd rice.
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The amount of cereal given to the puppies throughout the ex-
perimental period was kept equal except in the case of 464 (rice 4
commercial germ). In this case the amount of rice eaten was the
same as that eaten by 465 but the ‘commercial wheat’ germ was
additional, so that this animal (464) was actually given more cereal
than any of the other puppies, and it is therefore not strictly
comparable with the others. ‘Commercial wheat germ’ contains
bran whieh, unfortunately, varied in amount in different speei-
mens supplied by the millers. In the case of 463 (barley) there
was also a drawback which interfered with the striet interpretation
of the result. In this case the whole barley grain, including husk,
was crushed, so that there was more indigestible matter in this diet
than in that of the others. This animal (463), therefore, got less
digestible cereal than the others and consequently put on a little
less weight. (See Fig. 15.) In all cases the cereals were cooked by
steaming for the same length of time in the same apparatus.

TABLE 3.

e e e e e = ——— - —_—

|
! ; | Deeradion Woeight, Cal i Fanwr Shaft.
Dhigt.

Variable. |'2|"'E#N Initinl.| Final. | Mar. | Percentage. | Amount. | [istology.
| Weks. gms. | gms. | gme. | Dry. | Fresh, | gms.

7 i - .
White flour | 18 1400 | 4050 4050 | 190 10-9 055 |  Slight
[ rickets

Whole meal 18 1420 | 4020 4020 | 1850 10-2 G i Slight

flour | ' | rickets
462 | Oatmeal 15 1410 | 2920 | 38140 | 20-7 | 111 0-39 Very bad

‘ after 17 rickets

weeks |

Barley 15 1200 | 3300 | 3300 20,4 | 12-1 | 045 Very bad

] I rickets
46 | TPolished 15 1600 | 3740 | 3870 16.1 9.5 057 | Very bad

rice and | rickets
wheat germ | ; '
Polished | 15 1450 | #5600 | 3600 | 21-4 | 13.2 0-74 | Rickels
rice |

] Y T - PR

The radiographs of these animals taken after 123 weeks of the
expertment.a% period are to be seen in Figs. 9, 10, 11, 12, 13, and
14, The order of severity of the bone changes is as E-:-llmma :—462
(oatmeal), Fig. 11, and 464 (rice and wheat germ), Fig. 13, worst,
then come 463 {harlcy}, Fig. 12, 465 (polished rice), 1g 1-';1- 461
~ (whole meal), Fig. 10, and 460 (white flour), Fig. 9, with the least
rickets, At this stage of the experiment there is but little
difference between 463 (barley), 465 (polished rice), 461 (whole
‘meal), and 460 (white flour). Aeccording to later radiographs (not
~ shown) taken after 18 weeks of the diets, 463 (barley) developed
~ more severe rickets relatively than 465 (polished rice). 461 (whole
meal flour) was similar to 460 (white ﬂ-O-l.ll_'_l throughout the experi-
~ment, and both only developed slight rickets.
- The histological appearance of the bones showed that 462
{oatmeal), 465 (polished rice and germ), and 463 (barley) had
~ developed very had_ rickets by the end of the experimental period.
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465 (polished rice) was more rachitic than 461 (whole meal flour)
and 460 (white flour). The last two had only slight rickets of
similar intensity.

But little can be inferred from the percentage caleiwin content of
the bones, partly because the caleification of all the bones was poor,
since the diets were deficient in anti-rachitie vitamin, and partly be-
cause, in the case of 461 (oatmeal), failure to eat its food com-
pletely each day in the later part of the experiment Lrought about
a diminished rate of increasing weight, so that eurative changes
actually began in this animal, as can he seen in the last radio-
graphs taken. The weight curve (Fig. 15) shows that in the last
six weeks of the experiment the weight of 462 (oatmeal) was
almost stationary. It will be noticed also that up to the time the
radiographs (Figs. 9-14) were taken, i.e. 121 weeks, these animals
gained in weight to the same extent except 463 (barley) which
~dvanced a little more slowly for the reason given above and 464
(rice + germ), which put on weight rather more ra idly than the
others becanse the wheat germ of its diet was ade itional to the
amount of cereal eaten by the other dogs. With the development -
of rickets at a later stage this animal (464) ate less food and its
weight increased at a slightly slower rate.

Photographs of some of the puppies of this series after 15 weeks
of diet are also reproduced (Figs. 16, 17, 18 and 19). The rachitic
appearance of 462 (oatmeal), Fig. 17, and of 464 (rvice and wheat
germ), Fig. 18, is in striking contrast to the more normal appear-
ance of 460 (white flour), Fig. 16, and 465 (polished ricé), Fig. 19,
461 (whole meal flour) was also almost nm‘mag in appearance. s

The conclusion to be drawn from this series of experiments is—
that the rickets-producing effect of the different cereals is in the
following ovder : oatmeal (most), barley, polished rice, whole meal,
and white flour (least). i

The addition of commercial wheat germ to rice certainly in-
tensified the rachitic condition, but the increase in cereal intake
would in itself explain some increase in the rickets. The disease
in 464 was, however, so much more intense than in 465 that it
appeared probable that the germ had exerted a specific rickets-
producing effect of its own. Experiments made to test thi%"
point will be deseribed later. N

g )
Comparison between Rice, Outmeal, White Flouwr, and Wheat G&mé.

3

Age at beginning of experiment: 93 weelks. :
The general daily diet eaten by all included separated milk
powder 15 gms., meat 20 gms., 0 ive oil 10 c.cms., yeast 5 gms,
orange juice 3 c.ems., sodium ehloride 2 gms.
In addition 589 received 50-120 gms. rice.

=

¥ 390 p i) oatmeal

4 591 o A white flour :

- 592 received 40-100 gms. white flour and 20 per
wheat germ. 3

In this series, unlike the previous series of experiments {Tahle_

and others not deseribed, where the commereial wheat germ eaten
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was additional toits cereal ration of vice, 592 received wheat germ
as a substitute for 20 per cent. of the white flour of jts diet. Thus
when 591 ate 100 gms. of white flour, 592 got B0 gms. white flour
and 20 gms. germ. These animals, therefore, received the same

uantity of cereal daily, As in previously deseribed experiments,
the cereals were cooked under the same conditions and for the
same period. These animals were older (93 weeks) at the beginning
of the experiment than those of most other series, They were
born in the laboratory and fed on an excellent diet prior to the
experimental period.

TABLE 4.
. e Doeriiion Wieigh, . Cal) in Femiur Shoft, |
of Vci'];:iiz. of Expt. |Initinl.| Final, | Max. | Pervendage, | dmount. | Hiatalogy.
Weeks, | gms. gms, | gma. Bri. | Fresh. | gms.
| P ea A1 (A e Tel 2, g
! .
Rice 17 i 2020 | 5100 S100 | 21.6 14-1 LI 1) Bad rickets
Oatmeal | 17 1530 | 4070 | 4070 1593 11-8 | 0.61 Very bad
rickets
White flour 17 | 1570 | 4920 4930 | 216 | 14-2 .05 Rickets
White flowr 17 2010 | 5100 | 5100 | 227 | 129 | 080 | Bad rickets,
and _ | | not so bad
wheat germ I i a5 B0
|

The radiographs of these animals (Figs. 20, 21, 22, and 23), taken
after 17 weeks of the diet, show that 590 (catmeal), Fig. 21,
leveloped the most severe rickets. There was no great difference

the intensity of the rachitic changes in the other animals of this
eries, but 592 (white flour and germ), Fig. 23, was slightly worse

n 591 (white flour), Fig. 22,

The histological and caleium results are in general agreement

ith the radiographic evidence, According to the microseopic
tructure 590 (oatmeal) has much the worst rickets, while 591

hite flour) has the least. 589 (rice) and 592 (white flour + wheat
erm) have bad rickets, worse than 391 (white flour) but less
vere than 590 (oatmeal). Of the two 592 (white flour + wheat
erm) is rather worse than 589 (rice).
It will be seen from the calcium content of the femur shafts
the degree of hone-caleification in the dogs of this series is in
1e order, 590 (oatmeal) worst, then 592 (white flour + germ), 589
ice) and 591 (white flour) hest.

As regards general appearance and speed in running, the order of

hitic severity was again 590 (oatmeal) worst, then 592 (white

i +germ), 589 (rice) and 591 (white flour) best.

_ The weight curve of this series of animals is shown in Fig, 24.
will be seen that except for 590 (oatmeal), which only put on a
nall amount of weight during the last 60 days, the rate of increase
‘weight of these animals was remarkably constant. The lag in

th of 590 (oatmeal) was again due to inability to finish off
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its daily ration owing to the development of severe rickets. As
pointed out in previous experiments this is a common result
when oatmeal is the cereal eaten. In this series of experiments
commercial wheat germ, even when replacing white flour so that
the total cereal intake was constant, has made the rachitic condition

‘worse, although the relative inerease in intensity of rickets is not

so great as was found in puppy 464 of a previous series (Table 3) -
where the germ was additional to the white flour.
The order of rickets-producing power of the cereals tested in
this experiment is: s '
(1) Oatmeal (worst).
(2) White flour + commereial wheat germ.
(3) Riee.
(4) White flour (best).

= i
= - =P

The Ricleis-producing Effect of Wheat Germ.

In the following experiments commercial wheat germ was again
substituted for part of the white lour, so that the total cereal eaten
by the two animals was the same. -

Age at beginning of experiment: 7 weeks. i

General daily diet included separated milk powder 20 gms., meat
10-20 gms., yeast 3-5 gms., orange juice 3 e.cms., sodium chloride
1-3 gms., olive oil 3-10 c.ems. '

In addition 824 received 30-90 gms, white flour

and 825 - 5 amixture of white flour and
commercial wheat germ,

in the proportion of 60 per

cent. white flour and 40

er cent. germ.

The cereals in each case were equally cooked.

TABLE 5.

Vo f: Diet Therakion Weight, Ca0 in Femur Shoft. |
F:-':r.;p.*, | Varialle. of Expt. Initial | Final. Max. Feveenfoge, | Anionund, Ul
| Weeks, | gms | gms. | gms Dy, | Fresh, 1 g,
| |
e e | i S LA
B4 Controel 173 1070 | 5575 | 4655 18-1 10-4 7 | Bad

|
835 | Wheat germ | 164 1060 | 8075 | 3285 17-1 69 | 0817
I

jafter 104
| weeks

The radiographs of Exps. 824 and 825 (Figs. 25 and 26), taken
after 11 weeks of the experimental diets, show that both ani
developed rickets, but that 825 (wheat germ) was worse than &
{eontrol). ;

Although both developed bad rickets according to the histologic
appearance of the bones, 825 was the worse, for there was ha
any attempt at caleification at the costo-chondral junctions, whereas
in 824 some calcification at this place was evident.
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It is also obvious from the calcium oxide in the femur shafts of
the two animals that the caleification of the bones in 825 (wheat
germ) was more defective than in 824 (white flour).

Thus the substitution of wheat germ for white flour to the
extent of 40 per cent. made the rachitic condition worse,

Further examples showing the effect of wheat germ when sub-

stituted for white flour can be seen in Exps. 806 and 807 (Table 21,
see also Iligs. £9 and 90),

Comparative Egfect of Grownd Oats, Grouts, Oatimeal, Rie,
aid White Flowy.

In the experiments so far described one constant factor has stood
out prominently, namely, that the rachitic changes produced by

oatmeal have been, under the experimental conditions, more intense

than those found in the ease of animals eating other cereals which

have been tested. It seemed possible that some of this action might
be due to the faet that it was a manufactured ‘Frﬂduct and that the
natural oats might not have the same effect.

he following experi-
ments were therefore carried out to see whether there was any dif-
ference between corresponding quantities of oatmeal, home-ground
oats, and groats in their rickets-producing effeet.

Age at %eginning of experiment : 7 weeks.

The general daily diet eaten by all animals in the series consisted
of separated milk powder 20 gms, meat 10-20 gms., olive oil
5-10 c.cms. (except 742), yeast 5 gms., orange juice 3 e.ems., sodium
chloride 1-3 gms.

In addition 743 received 40-120 gms, white flour

744 o = oroats
L] T45 ¥ n I‘Fe
W 746 oatmeal

i 747 received 50-145 gms. whole ground oats.

742, another puppy of this series, referred to elsewhere (see
P. 21) received the same diet as 746 (oatmeal), except that 3 of the
10 c.cms. of olive oil eaten by 746 were replaced by cod-liver oil.

The oats eaten by 747 were finely ground in the laboratory.
Since the husk and all parts of the grain were included, that
18 to say much indigestible matter, more oats were allowed this

‘animal than cereals to the other puppies. From the rate of inerease

in weight it appeared that 72 gms. ground whole oats were approxi-
mately equivalent to 60 gms. oatmeal and other cercals, so that
47 was allowed one-fifth more cereal than the other animals of

the series.

 Groats which consist of oats without the husk were also ground

‘up tinely before cooking and were given in the same amount as the
‘other cereals.

3

taken after 9 weeks of the diets, that the intensity of the rachitic
condition was closely similar in 746 (oatmeal), Fig. 31; 747 (wholc
oats), Fig. 32 and 744 (groats), Fig. 29; also that these animals

As in previously described experiments, all the cereals were
ually cooked in separate veceptacles of the same apparatus,
It will be seen, from the radiographs (Figs. 28, 29, 30, 31, and 32),

(4560 B
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developed the disease more severely than 745 (rye), Fig. 30, and 743

(white flour), Fig. 28.

Although the ealeium in the bones of these animals is small in
all cases, it is distinetly lower in 746 (oatmeal) and 747 (whole
oats) than in 743 (white flour) and 745 (rye). The bones of 744
(rroats) were not examined by this method because the animal, after
developing most severe rickets, was cured by change of diet and

nzed for other purposes.

TABLE 6.
| Wil | Cod i Femaer Shaft 'r
No.of|  Diet. Ihixqrivs; b K e L
I-.':r}:!l. | Variable, of Expl | Fpitial. | Finol, 'I Mz, Peveentage. Amouil, | Hisiotogy.
| Weeks, | gms. | gms, | gma. vy, | Fresh. s
——— —|— -
742  Datmealand| Un- - _— ] = —_ = — —
| 3 c.ems. finished |
{ ¢.-lao. sub- | | |
| stituted for |
3 c.oms, | : i 4
alive oil I
743 | White flour | 164 1570 | 4265 | 4300 | 205 | 109 | 064 Rickets
' | after 14 il
| weeks ‘II
T4 Groats | Un- sl — |1 — — — — —_ 1
finizhed | -
745 Rye 16§ | 1455 | 2600 | 3600 | 26.6 | 106 | 57 Rickets
after 13 l 4 |
{ weeks i
746 | Oatmeal 15 1400 | 3060 | 4120 | 200 79 | 047 Very bad
| after 14 rickets 1
' weeks i
747 | Whole oats 14 1520 | 3665 3665 L Hed 047 Very bad H
| | | rickets F
| | . .

The histological results are in agreement with the ealcium con-
tents of the hones, and indicate that 746 (oatmeal) and 747 (whole
oats) had developed the rachitic condition to equal degrees of
severity, and that both were much worse than 743 (white flour)
and 745 (rye).

The weight curves of these animals are shown in Fig. 33.

In this experiment it was found that the rickets-producing effect
of rye was somewhat of the order of white flour. Several ex-
periments have been made using rye as the cereal, but in no case
has the outcome been entirely satisfactory. Even in Exp. 745
(rye) the puppy did not eat its diet completely in the early al;ages
and again during the last month of the feeding period (Fig. 33).
Whether the unsatisfactory outcome of experiments with rye is
due to misfortune or depends upon some toxic action of rye when
eaten under these experimental conditions is not known, A
regards the other results of this series, it would appear that whole
oats and groats are as strongly rickets-producing as oatmeal, an
it can be deduced that the intensity of the action of oatmeal is not
due to some change undergone in manufacture. In these experi
ments the whole oats, groats, and oatmeal proved more intensel

riekets-producing than rye or white flour.
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Suwanan iy,

Experiments on puppies have been deseribed in which eereals
were varied in diets deficient in anti-rachitic vitamin. It has been
shown that equal weights of similarly cooked cereals have different
rickets-producing effects on puppies. Of the substances tested,
oatmeal, groats, or ground oats had by far the most intense action.
White flour had the least action in this respect. Rice oecupied an
intermediate position and was somewhat worse than white flour,
Barley appeared to be more rickets-producing than rice, but furthey
work on this cereal is necessary. From other experiments not
recorded above it would appear that maize is more rickets-pro-
ducing than wheat, but is not so potent i this respeet as oatmeal.
Although the point was not examined closel Yy, there seemed to be
no great difference between the rickets-producing effects of polished
and unpolished rice. The action of whole meal Hour was not
dissimilar from that of white flour. Commereial wheat germ,
however, when forming 20 per cent. of the total cereal eaten,
hastened the onset of rickets under the conditions of these experi-
ments. It is said that whole meal flour contains only 1-5 per cent,
grm (Osborne and Mendel [3]), so that the little difference in effect

tween white flour and whole meal flour in these experiments
might be expected in spite of the action of commereial wheat
germ above deseribed. The intense rickets-producing effect of
oatmeal does not seem to depend on the fact that it is a manu-
factured product, for erushed whole oats and groats were just as
potent as oatmeal.

IV. THE INTERACTION OF CEREALS WITH OTHER
ELEMENTS OF THE DIET.

So far experiments have been described which deal primarily
with the effect of cereals on ecaleification, and evidence has been
adduced which seems to show that there are one or more constitu-
ents of some cereals which interfere directly with ecaleification
processes,

In earlier publications I have supplied evidence that a fat-
soluble vitamin (anti-rachitic vitamin) is particularly eoncerned in
- promoting the ealeifieation of bone [1. c, b, e, J,]f I wish now to

Eemribe experiments made primarily to see how foodstuffs contain.
ing these different dietetic factors, the one class promoting and the
Dtﬁer interfering with calcification, work in relation to one another
and to other dietetic and environmental influences, While but
little is known of the chemistry of these substances and even less as
to how they act in the body in bringing about such profound
changes, yet it seemed necessary to investigate the question of
nteraction among themselves and to see the degree to which each
could modify the influence of the other. Only in this way eould
adequate appraisement be made of their relative importance. It is
0o early to suggest that this knowledge has been obtained, or even
to deny that there are still important factors at work in relation
to the problems of bone caleification, about which nothing is yet

B2
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known. However, in spite of realizing this dilﬁeu!t%, the practical
importance of the problem would appear to justify the attempt to
correlate the facts as we know them at present.

A Tug INTERACTION OF CEREALS WITH SUBSTANCES CONTAINING
tuE AnrTi-Racuiric VITAMIN.

T shall first show how the rickets-producing influence of diet,
even when most potently active, as, for instance, when oatmeal is
the only cereal eaten, ean be completely antagonized by the anti-
rachitic vitamin. In the following series of experiments the effect
of different foodstuffs containing this vitamin will be described.

(i) Cod-Liver Ol
Ezperiments 713 and 716.
Age at beginning of experiment : 6 weeks.
Gieneral daily diet: separated milk powder, 25-30 gms.; meat,
10-20 gms. ; sodium chloride, 1-4 gms. ; yeast, 3-5 gms.: orange

juice, 3-5 c.cms, ; oatmeal, 40-100 gms.
In addition, 713 received 10 c.cms. olive oil.

716 s 10 .. ecod-liver ail.
TAEBLE 7.
o el o Weinht. Call i Foner Shaft. :
_Eai”_ I variable. of Expl. |[yitial.| Final.| Mo Percenduge. | dmount.| Histology.
Weeks, | goes. | ms. fiiiE. Dry. | Fresh, g,
B 5 —= _ i
718 Olive oil, 22 o420 | 5590 | 5600 14.2 T 051 Very bad
10 e.eins. | after 17 rickets
| weeks |
716 |Cod-liver oil, 28 | 2370 | 6060 Gog0 | 230 | 121 | 133 Normal
10 c.cms. |

It is clear from the above chemical and histological results, and
from the radiographs (Figs. 65 and 68), that 10 c.ems. of cod-liver
oil daily has ﬂﬂmplietely antagonized the rickets-producing effect of
the oatmeal eaten and allowed the development of a normal animal
with well-caleified bones. It will also be noticed that, although
the amount of caleium in the diets of these animals was the same,
there is three times as much caleium oxide in the femur shaft of
716 (cod-liver oil) as in that of 713 (olive oil), i.e. 1-53 gm. as com-
red with 0-51 gm.

The weight curves of these animals (713 and 716) can be seen in
Fig. 80. 713 (deficient vitamin) began to leave some of its food
after ten weeks of the diet, owing to the development of severe
vickets, and after this time did not gain much weight.

The extraordinary potency of cod-liver oil in antagonizing the
effect of oatmeal on bone calcification can be better appreciated in
the following experiments, where one animal (Expt. 742) received
only 3 c.cm. per diem, and remained in good condition in spite of
eating a fairly large quantity of oatmeal daily.
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Erperiments 742 and 746,

Age at beginning of experiment : 7 weeks.

General daily diet: separated milk powder 20 oms., meat
R0 gms,, oatmeal 40 to 120 gms., yeast 5 gms., orange juice 3 c.cms,

In addition, 742 received 3 c.ems. eod-liver and 7 e.cms. olive oil,

and 746 10 e.ems. olive oil,

The only difference in the diet of these animals is that 3 c.cms. of
olive oil is replaced by 3 c.ems. of cod-liver oil in the daily ration
of 742. The effect of this small change was great, as can be seen in
Figs. 27, 27 @, and 31 and 31 a, which are rnﬁingﬂ'aphiu and photo-
graphic results respectively obtained with these puppies. In the
case of 742 the calcium content of the bones and their histological
structure was not determined, as the amimal is still alive. In
later experiments it was found that even 1 c.em. of cod-liver oil
daily was capable of antagonizing fairly effectively the influence of
oatmeal,

(i1) Melke, Separited Mill, and Butier,

It was elearly necessary to see how the rickets-producing effeet
of cereals was influenced by milk and its produets, and some ex-
periments were carried out to this end.

To those who have studied the effects of milk and butter on
different physiological processes, more espeeially in connexion with

uestions of growth and rickets, the results have often presented
ifficulties when viewed from the standpoint of the vitamin hypo-
thesis. 1 pointed out in a previous publication [1.d] some of
the difficulties presented by the results obtained in experiments
designed to test the anti-rachitic action of butter. I found, among
other things, that the anti-rachitic action of butter is small unless
there is a corresponding amount of ealeinm salts in the diet to
balance it. In this respect butter is different from cod-liver oil,
because cod-liver oil exerts its caleimm-retaining properties very
tently, even when the calcium of the diet is very small (see
xp. 495 and 496, Table 16, p. 3€). It may be that this difference
between cod-liver oil and butter depends upon the faect that there
is a much greater amount of the anti-rachitie vitamin in cod-liver oil

~ than in butter, just as its growth-promoting properties are greater,

as shown by rat-feeding experiments. It is interesting to note that,

- even as regards the power of these substances to promote growth,

-

reproduction, and general well-being in rats, MeCollum, Simmonds,
Shipley, and Park T-i] have found that butter is relatively impotent
as compared with cod-liver oil unless the caleium of the diet is high.
Thus these investigators found that a diet containing 3 per cent.
butter and 0:5 per cent. caleimn carbonate had the same physio-

- logical results on young rats as the same standard diet to which

2 per cent. of eod-liver oil and only 0-1 per cent. caleium carbonate

- had been added. On the other hand, raising the butter in the diet
- did not counterbalance a large dietetic deficiency of caleinm. It
- may be added that it is strietly analogous results like this, embrac-

“ing different physiological problems, which make it difficult to
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accept the suggestion that the growth-promoting and the anti-
rachitie actions of butter are due to separate entities.

In the following series of experiments it will be seen that the
effectiveness of butter in promoting bone ealeification is greatly in-
creased when it works in conjunction with the remaining fraction
of milk, and that this action of butter is not due to its fat content
qua fat, beeause olive oil has but little effect under these con-
ditions.

The Tupluence of Buiter Fut and Sepavated Mille on Bone Calcifica-
tion.—Their Relative and Combined Effects. i
Eeperiments 530, 531, 5332, 533, and 534,
The animals in this series were rapidly growing puppies. 4

Age at beginning of experiment: 8 weeks.

General daily diet eaten by all included : separated milk powder
15 gms., meat 10-20 gms., orange juice 3 c.cms., yeast 5 gms., bread
up to 200 gms., sodivn chloride 1 gm. i

In addition, 530 received 80 gms. separated milk powder.

531 ., 80 gms. separated milk powder and
20 gms, butter.

5322 - 20 gms, butter.

533 % 30 gms. separated milk powder and
20 e.cms. olive oil.

TapLE 8.
Ho. of | Dist. Buration : H NEMI- G0 i Femur Shaft. :
Bxpt. | Variabte, | ¢ B |Initial) Pinal. | Max, | Percontage. | Amowut. | Histiogy.s
1 Weeks, | gz | gms. | gmes. Iy, |Fresn.. i,
e | i MO il e
580 | + 30 gms. 21 1500 | G030 7300 | 17.2 | 10.8 (A1), Bad rickets
sep. milk { after 20 }
powder | woeks
531 | + 30 gms. | 21 1570 | 8750 9000 | 22.2 | 158 154 Rickets
| sep. milk | after 20 |
| powder, weeks | !
| 80 gms. | | i
| bufter [ I ;
532 | +20 gms. 21 2160 | God | 6750 | 124 81 06 Very bad
| butter : after 19 rickets
! weeks |
538 |+ 20 cooms, 21 SH00 | GTH0 T 6.1 11.0 | 1:15 Bad ricket
[ wolive oil, after 184 : but healin;
+ 30 gms. i weeks
sep. milk
| powder ! _
634 | General diet| 20 1500 | 3280 | 4050 | 11-8 = 35 | 0-825 Very bad
i only after 1% rickets, worse
| ! weeks | than 582
, |

The points about the dicts of these experiments worthy of com-
ment are:
(1) In the diets of neither Exp. 534 nor 530 was there more than
a trace of fat, The differences hetween the conditions of
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534 and 530 were due to the extra separated wmilk eaten
by 530,

(%) 532 and 534 received the same amount of separated milk, and
differences between these animals were due to the 20 oms,
of butter eaten daily by 532,

(3) 530, 531, and 533 received the same amount of separated milk
powder, and comparison between 530 and 531 and 533
shows the relative influence of butter and olive oil when
the caleium of the diet is fairly high.

(4) The rate of growth of these animals varied reatly, chiefly
because of the ditference in energy value 1L11§ protein value
of the respective diets (see g, 39).

The radiographs of the wrists of these animals, taken after 20
weeks of the experimental diets, are shown in Figs. 34, 35, 36, 37,
and 38. It will be noted that all the animals of this serics have
developed rickets, as is evident by abnormality of the endochondyal
ossification. In the case of 531 (45 gms. separated milk powder
and 20 gms. butter), Fig. 35, the rachitic changes are least intense.
533 (45 gms. separated milk + 20 e.ems. olive oil), Fig. 87, and
230 (45 gms. separated milk), Fig. 34, developed more severe rickets,
but in the radiographs, espeainﬁy Fig. 37, healing changes at the
epiphyses are fairly advanced as the result of diminished appetite
and loss of weight. The rachitic changes developed by the con-
trol animal 534 (15 gms. separated milk, no fat), Fig, 38, were the
most severe in the series, but were healing in the radiograph,
, 932 (20 gms. butter), Fig. 86, had worse rickets than 530 and 531,
but less intense than 584, In earlier radiographs, taken after
10 weeks of diet, 584 showed bad rickets, 530 and 583 rickets
of equal intensity, 532 rather less vickets than the foregoing, while
531 was practically normal.

The caleium content of the bones set out in the table are in fair
agreement with the radiographic evidence. Both separated milk
and butter singly have brought about improvement in bone caleifica-
tion. The former raised the ealcium oxide in the femur shaft from
0825 gm. to 0-98 gm., and the latter from 0-325 gm. to 0-6 gm.
When the two acted together, as in Exp. 531, the caleium oxide
- increased to 1.89 gm. In Exp. 533, where the mineral salt content
was practically identical with that of Exp. 531, the caleium oxide of
 the femur shaft was only 1-15 gm. It is possible from these figures
to see how effective butter is in bringing about ealeium deposition
in the hones when this element is plentiful in the diet. Under the
same conditions olive oil in the diet of Exp. 533 has had little or no
effect in this respect.

Histological examination of the bones reveals very bad rickets in
934 (eontrol) and 532 (butter only), bad rickets in 5330 (separated milk)
‘and 533 (separated milk 4+ olive oil), and rickets in 531 (separated
milk + butter). In view of the intensity of the calcification of the
bones of 331 (separated milk + butter), as revealed by the high
caleium content of the femnr shaft, it is surprising that this animal
has developed rickets. 1 drew attention to this effect, namely, the
simultaneous development of rickets and good ealeifieation produced

by butter on bone, in a previous publication [1. d]. 1t may be
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stated that these animals ate a la quantity of bread, and their
weight inereased rapidly (except Exp. 534), as can be seen in
Fig. 39. 1t is apparent that in 531 the consumption of separated
millk and butter has not eompletely antagonized the rickets-produe-
ing effect of the large amount of bread consumed. 1t will be further
seen, in Fig. 39, that the additional fat eaten by 531 and 533 has
brought about a greater increase in weight as compared with 530;
also that the additional separated milk in the diets of 531 and 533
has increased their rate of growth as compared with 532, In the
case of 534, where the diet contained little or no fat and only a
small quantity of separated milk, the increase in weight was com-

arvatively slow. In spite of the slow rate of growth, this animal
Hevelup& the most severe rickets. It is evident, therefore, that
increase in rate of growth due to the ingestion of separated milk is
not associated with the added intensity in rachitic changes which
accompanies the extra growth due to increasing the cereal of the
diet.

The results obtained in these experiments, in which rapidly

srowing dogs were used, indicate that:

(1) Additional separated milk has had a definite but not a potent
anti-rachitic action (ef. 530 with 534). It brought
about better growth and well-being, but did not prevent
severe rickets.

(2) Additional butter in the presence of a diet relatively deficient
in some substance or substances present in milk (in the diet
of 532 there were 20 gms. of butter and only about 150 e.cms.
of milk) improved the ealcification of bone and health of
the animal, but did not prevent the development of severe
rickets (ef. 532 and 534).

(3) Additional olive oil, even when the separated milk in the
diet was high (i. e. 450 c.cms.), made but little ditference to
the ealeification of bones, and did not prevent severe rickets
(ef. 533 with 530).

(4) Butter added to a diet rich in separated milk had a great
effect on the general eondition of the animal, and improved
areatly the n::aﬁ‘ciﬁca.tiun of the bones. In this ease 531 there .
was still evidence of rickets at the epiphyseal ends of bone
shafts, as observed by radiograph, taken in the latter part
of the experimental period, but the periosteal bone was well
caleified.

531 was a very active animal, and van well throughout the
experimental period. 530, 532, 538, and 534 lbecame very
feeble in the course of the experiment. Of these, 534 was
in the worst econdition.

The following experiments prove that the caleium element of the
separated milk enhanees greatly the anti-rachitic effect of the butter:
vitamin, but that separated milk has also some anti-rachitie effect,
because of an additional constituent, probably a residue of anti-
rachitic vitamin, remaining after the removal of its butter fat.
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Erperiments 520-525.

In this series the animals were not of

used in Exps. 530-534.
inning of experiment : 8 weoks,

Age at
General

10 gms., bread 50-150
sodium ehloride 1 gm.

of| D,

i,
Exrni, | Fitriohie,

—_—
1

520 | General diet

{  only

+ 10 gms,
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. CaCO,

| +0-85 gms.
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{ +380 gms.
sep. milk
powder

ily diet:

TABLE 9,
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The radiographic results (Figs. 40, 41, 42, 48, 44, and 45) of these
animals after 203 weeks of the diets showed that: g
(1) 523 (Fig. 43) and 525 (Fig. 45) were practricall normal '
ﬁtlilﬂalfﬂ. The bhone caleification of both was good, and the
animals were very active.

(2) 521 (Fig. 41) and 522 (Fig. 42) had definite rickets.

(3) 524 (Fig. 44) had rather worse rickets than 522 (Fig. 42).

(4) 520 (Fig. 40) had very bad rickets.

The caleium content of the bones is in agreement with the radio-
eraphic ap][)earance of Figs. 40-45. 523 (butter + caleinm car-
honate) had much the most caleium oxide in the femur shaft
(1-32 gin.), while the smallest amount (0-44 Fm.] was present in the
case of control animal 520. The additional separated milk eaten
by 525 also improved the caleium deposition (1-19 gm.), and to
a greater extent than additional caleium carbonate only (524,
0-86 gm.).

The histological appearance of the bones showed changes that
would be expected from the radiographs and the calcium content.

The weight curves of these aaﬁtnatﬁs are given in Fig. 46. The
slower inerease in the case of 520 was due to the absence of fat
from the diet, In the earlier part of the experiment, that is, for
about 12 weeks, the weight of 520 increased fairly well, because the
animal ate a good deal of bread and conserved its energy by reduc-
ing rs activity. With the development of severe rickets its
appetite diminished and the rate of growth became corvespondingly
emaller. The difference in the rate of increased weight between 522 ¢
(20 gms. butter) and 523 (20 gms. butter + (CaCO,) is not due to
any difference between the protein or energy content of the respec-
tive diets, for these were identical except for the additional ealeium
carbonate eaten by 523. The diet of 522 made it a lethargic
animal, while 523 was intensely active and lively. It is this differ-
ence in behaviour and metabolism of the animals resulting from
abundant butter and caleium in the case of 523 that is prohabl

vesponsible for its slower increase in weight as compared wit
529. 523 (20 gws, butter + caleium carbonate) was the only animal
that did not suffer loss of weight at the end of the experiment
owing to diminished appetite.

The following deduetions are suggested by these results:

(1) Comparing 520 with 524 the additional CaCO, of the diet has
inhibited rickets but has not prevented it.

2) Comparing 520 with 521 and 522, the butter, even in large
quantities, has inhibited rickets and improved the bone
caleification, but has not completely prevented the disease.

(3) Comparing 522 and 523, balancing the Lj,rge amount of butter
with additional CaCO, has prevented rickets and brought
about much improvewent in the latter animal’s condition.

(4) Comparing 520, 524, and 525, it is clear that the better con-
dition of 525 eannot be due only to the extra caleium in the
separated milk, but that there are other factors which
antagonize the disease, the most important of which is
probably a eertain amount of anti-rachitic vitamin still
remaining when the butter fat is vemoved. 1f the extra
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caleium in the separated milk were entirely responsible for
the improvement of 525 over 520, then 524, which also
received extra caleium in the form of caleium earbonate,
ought to have been as good as 525, and this is not the
case. It will be noticed that the additional separated mill
has been more effective in preventing rickets in 525 than in
530 of the previously deseribed series, although in the latter
case also the separated milk had o definite anti-rachitic
effect. The reason for the difference is undoubtedly that

the 530-534 series of puppies were a more rapidly growing
type and ate more hread,

The Antagonism, of the Oatmeal Effect by Butier enteracting with
either Culeiwm Carbonate op Plosphate.

It will now be shown that the more potent rickets-proc
effect of oatmeal ean also be antagonized to some extent
bination of butter and caleium carbonate or of butter and
Phosphate. The action of these salts without the assistance of the
anti-rachitic vitamin has been demonstrated in other experiments
(see, for instance, Exps. 711, 718, and 715, Table 14, p. 83).

Experivients 748, 749, 751, and 752,
Age at beginning of experiment - 8 weeks,
- _The general diet eaten by all included separated mmilk powder

15-20 gms., meat 10 gus., oatieal 30-80 gms., yveast 3 gms., orange
Juice 8 c.ems., sodinmn chloride 1-2 gns,

In addition, 748 received 10 gms. butter and

lueing
Y & com-
caleinm

05 gm. ecaleium

carbonate,

749 3 10 gms. butter and 0.5 o ealeimn
phosphate.

7ol % 10 e.ems. olive oil.

752 = L0 gms. butter,

TaBLE 10,

5 e e, Cadd i Feanur Sl
Diet, ﬂrrlﬂhT | e ) | ! Histoloony
Variabie, of Expt. |.[m.m:;, Finad, | Max. | Pereantage, | Aot i fal oy,
Weeks. | gns. | gms. | gms I Dry.  Fresh., gms,
| ' ! -— —————
. AR |- | | T
10 gims, 17} S5 | SA00 | Zd60 | 236 | 181 . LU 15 Rickets
butter, ! | | [
5 gms, | { , -
CaCo, , : | i 3
10 gins, 174 | 1000 | 2700 | 2010 | o35 [ 10 | 0452 Rickets
bukter, | |
0.5 zms, { | I |
Ca; (PO,), | i , - ; :
1 e.cms, 14 1850 | 2010 | 2430 15.63 fi 0-164 | Bad rickets
olive oil | after 7 | !
| weeks [ | ;
10 gms, Ly 1200 | 1970 | 2800 17.8 5.7 U274 | Bad rickets
butte: after 15 !

ll'{'l‘kh
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The radiographs (Figs. 47, 48, 49, and 50) taken at the end of the
experiment, i. e. after 16-17 weeks of the dieting, show that both
751 (olive oil), Fig. 49,.and 752 (butter), Fig. 50, have developed
severe rickets, whereas 748 (butter and caleium carbonate), Fig. 47,
and 749 (butter and ealeium phosphate), Fig. 48, have much
less rickets.

According to the histological appearance also, all the puppies of
i his series had developed rickets at the end of the experiments, but
the pathological condition was more pronounced in 751 and 752
than in 748 and 749, The condition of 751 would undoubtedly
have been even worse but for the fact that it soon lost appetite and
ceased to put on weight after the first 6 weeks (Fig. 51).

After 14 weeks 752 (butter) also lost much weight. Cessation of
growth of 751 (olive oil) is no doubt responsible for the fact that
its radiograph (Fig 49) indicates less severe rickets than 752 (butter),
Fig. b0.

%omparing the ealeium in the femur shafts of 751 with 752, it
will be seen that butter only brought about an increase in ealeium
deposition from 0-164 gm. to 0-274 gm., but that when caleinm car-
honate and caleium phosphate were added to the diets in addition to
the butter the ealcium in the bone went up to 0-393 and 0-452 gm.
in the respective cases.

It was again noticeable how relatively well caleified was the bone
under the periosteum of the dogs receiving butter when contrasted
with the defective calcifieation evident at the epiphyses. The
calcium oxide content of the femur shaft also indicated roord
calcification, especially in 748 and 749, in spite of the rachitie
changes which developed.

It would thus appear that the anti-rachitic action of butter, even
when working in conjunction with additional caleium salts, has
not been sufficiently potent to antagonize completely the rickets-
producing effect of oatmeal in the above experiments. Butter,
under these conditions, has not been nearly so effective as cod-liver
oil in neutralizing the oatmeal action.

It is evident from the foregoing series of experiments that the
anti-rachitic effect of milk depends partly on its butter fat and
partly on the remainder of the milk. As regards the action of
separated milk its caleinm content is to some extent responsible for
this, but there still remains unexplained a part of its anti-rachitie
influence. The combined influence of butter fat and either a
corresponding quantity of separated milk or of caleium carbonate or
caleium phosphate in increasing bone calcification, and especially in
respeet of the point under discussion, in opposing the rickets-pro-
ducing influence of oatmeal and other cereals, is relatively much
stronger than would he expected from the effect of the butter fat
un'.lﬁ-'. Whole milk is much more strongly anti-rachitic than butter.

The problem as to why diets containing butter as the source of
anti-rachitie vitamin often promote good calcification of the bone
under the periosteum at a time when endochondral ossification
appears very defective still remains unexplained,
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(iii) Green Vegelables.

Until 1921, when a full report of this i nvestigation was published,

had not been successful in carrying out experiments to
test the anti-rachitic action of green vegetables on puppies. In
view of the experimental work which had previously demon-
strated the presence of vitamin A in these substances, it was
obviously desirable that information as to their anti-rachitic
properties should also be obtained, more especially because one of
the main features of my work up to that point had been to compare
and contrast the anti-rachitic and the growth-promoting properties
of different foodstuffs. It may be remembered that, although the
Properties and distribution of the anti-rachitic substanee and vitamin
A were very similar, there were some differences which it appeared
impossible to explain at the time. This subject has since formed
the basis of many other investigations, a striking observation being
that, whereas the vitamin A content of green vegetables (spinach),
as tested by ‘growth promotion of and the cure of ophthalmia in
rats is large, their anti-rachitic effect is absent, McClendon and
Shuck [5], for instance, found that 0-1 to -5 gms. of dried spinach
cured ophthalmia but did not protect. against rickets in rats, even
when it formed 75 per cent. of the diet. Zucker and Barnett [6] also
found that an aleoholie and ether extract of spinach did not protect
against rickets in rats, but promoted their growth when the diet was
otherwise devoid of vitamin A. Similar rosults were obtained with
spinach by Goldblatt and Zilva [7]. Much of the work designed to
solve this problem is open to the eriticism that the basal diets used
in the growth experiments and in the rickets experiments are
different apart from the fat-soluble vitamin factor, and it seems to
me that until the basal diets are the same in both types of work
and complete, so far as is known, in all respects except as regards
their fat-soluble vitamin content, no satisfactory solution of this
problem ean be reached,

The following experiments were carried out on puppies to test
the anti-rachitic action of cabbage. It will be seen that this
foodstuff has a definite effect in this direction, When oatineal is
the cereal eaten and the diet is otherwise deficient in anti-rachitie
vitamin the influence of cabbage is small, but when bread replaces

- Oatmeal the improvement in bone-formation is more obvious,

The Autagonistic Effect of Cabbage fto the Rickets-producing
Influence of Cereals.

Age at beginning of experiment : 10 weeks, y

Diet caten daily by hoth puppies ineluded separated milk
powder 20 to 25 gms., meat 20 gms., yeast 5 gms., orange juice
3 c.ems., olive oil 10 e.cms., sodium chloride 2-3 gms., and catmeal
90-130 gms, ‘

In addition 616 received cabbage 20-130 gns. daily. This was
chopped up finely and boiled in water for 20 minutes before being
added to the diet. The cabbage water was added to the diet.

The control diet eaten by 613 is potently rickets-producing, as
can be seen in the radiograph, Fig. 52, taken after 17 weeks of the
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diet. If the additional cabbage eaten by 616 had prevented rickets
underthese conditionsitsanti-rachitic effect might have been regarded
as large. It will be seen, however, from Fig. 58, taken at the same .
time as Fig. 52, that this animal also developed severe rickets in

spite of the cabbage ration, although the intensity of the disease is
less than in the eontrol animal 613, It will be noticed also that =
the caleium oxide in the femur shaft is much higher in 616 |
(eabbage) than in 613 (control), i.e. 0-93 gm. as compared with
0.62 gm. The animal eating cabbage was not only less rachitie but
arew better, especially as regards its bones, and remained in a more
etive condition than the control puppy. The rate of inerease in
weight of these puppies can be seen in Fig, 54. It would seem
probable from the more rapid increase in weight of 616 {cahha%:}
that this animal digested and assimilated a fair amount of the
additional cabbage. The cabbage also delayed the onset of
musenlar paresis, for 613 could not run after 6 weeks of the diet,
while 616 was not so affected until the ration had been eaten 14

weeks.
TaBLE 11.

] |
' - |
g ‘gight, | i [
= t?jl = J'Junf-! lion Weight | Cal in Fenur Shaf s
Expt,| Varialle, | of Expt. |Initial,| Pinal. | Max. | Percentage. | Awmoitnl. Histology.
| Weeks. | gms. | gma iins. Dy | Fresh. | gme.

—

618 | Control | 18 | 2850|6450 | 6570 |127 | 41 | 062 | Verybad
| after 17 | L rickets
i weeks :
G106 Cabbage | 17k 2950 | TS0 7120 14-7 88 098 Very bad
| after 16 | rickets
wenks { 3

|' o . |

When the rickets-producing influence of the diet is made less
potent by substituting white flour for oatmeal as the cereal of the
diet, then the anti-rachitic influence of eabbage is more prominent.
In the following series of experiments the anti-rachitic influence of
eabbage is contrasted with that of carrot, and both with egg yolk,
white flour being the cereal eaten. It will be seen that the cabbage
effect is greater than that of carrot, when equivalent weights are
eaten, but that both actions are much less intense than that of

ege yolk.

Comparative Effect of Cabbage, Currot, and Egg Yolk.

Age at beginning of experiment: 8 weeks.
Gieneral diet daily eaten by all included separated milk powder
15 gms., meat 20 E-ma., yeast 5 gms, orange juice 3 e.cms., sodium
chloride | gm., and bread 40 to 150 gms
In addition, 635 received 20 up to 120 gms. cabbage.
637 ., 200 0 1207, ‘carrds.
o R R W R 1 ege yolk. :
The cabbage and carrot were chopped up finely and boiled until
cooked (20 minutes).
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TarLe 12,

Ng_-@.f] e i"?ﬂr-l.ti‘;'t:-n Wedght, Cafd Gt Femny Shaft. |
Expt. | Variable, | ¢ Expt. Liitial. | Final. | Marx, Percontage, | Amount, | Histoiogy.
l Weeks. | gms. | yms. gms, | Dry. | Fresk. | gms.
= — e = | Nl e | I
| | I |
it | Cabbage a8 1420 6400 6400 192 | 145 1-07 Rickets
GaT | Carrot a4k 1650 | 6950 G030 13.8 [ 92 075 | Bad rickets
638 l Egz-volk 38 900 | 6200 | 6460 2.0 | 15.8 1.85 | Nearly
i [ I | morimal

Radiographs of these animals taken after 33 weeks of the experi-
mental diets are represented in Figs. 55, 56, and 57, According to
these, 638 ( yolk), Fig. 57, is normal : 635 (cabba,ge}, Fig. 55, has
developed rickets, and 637 (carrot), Fig. 56, severe rickets.

The calciom results are in agreement, the animal getting some
egg yolk daily having 1.35 gms. caleium oxide in its femur shaft,
635 (cabbage) having 1-07 gms., while 637 (carrot) has only 0-75 gms.
According to the histological appearance 638 (egg yolk) was nearly
normal ; 635 (cabbage) had vickets, and 637 (earrot) had bad rickets,

The weight curves of these animals are given in Fig. 58,

It is clear that cabbage has had a distinet anti-rachitic action, but
that even 120 gms, of it daily was not so effective as 1 yolk of egg,
The anti-rachitic effect of the carrot was small and did not prevent
the development of this disease in a severe form. It is, of course,
particularly difficult to extend these results from dogs to other
animals. In spite of the thorough cooking, a great deal of the
carrot eaten was undigested, and this also applies to the cabbage.
It would be expected, therefore, that, in those animals whose
alimentary tracts are better able to deal with green and other
vegetables, the anti-rachitic effect of these foodstuffs would he
more potent. It is of interest, however, to note that, even in the
case of a carnivorous animal like the dog, cabbage has some anti-
rachitic action.

The anti-rachitic effect of egg yolk is very potent in its curative
effect on experimental rickets, as I showed in an earlier publieation
P. d], and as has been recently confirmed by Hess [8] on ehildren. 1

1ave not tested its anti-rachitic action relatively to the rickets-
producing effect of oatmeal, but the followin experiment demon-
strates as does the above deseribed Exp. 638, that from a preventive
standpoint it can antagonize the action of bread.

(iv) Efeet of Egg Volk.

Age at beginning of experiment: 8 weeks,

General diet daily eaten included separated milk powder 15 gms.,
meat 20 gms., bread 30-150 gms., orange juice 3 c.cms., yeast
5 gms,, olive oil 10 c.cms,, sodium chloride 1 om,

604 ate this diet only.

606 also ate two-thirds to 1 egg yolk.
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TABLE 13.

| _— . 4
No.of IHet | Dueration Weight. | Lol in F;-:nnw: Shaft. '
;-x}:f’” Fariable, | % EEDL  Initial. F'i'mr!.| Maz. | Percentage. | Amount, | Hisiolegy.
Weeks. | gms. | gms. | gms. | Drw. !Frun.l gms.
i ;
| ke - 4
604 |Control diet 16 | 1850 | 3750 | 8750 | 217 | 140 | 0.60 | Bad rickets
| | . | . 3 |
606 | #-1ogg yolk| 16 | 1090 | 4800'| " 4800 | 27.4 {1677} 056, | Nearly
Iis ' ! ' | normal

The radiographs of these animals taken after 16 weeks of the
diet are produced in Figs. 59 and 60. 1t will be seen that 606 (
volk), Fig. 60, is normal, while 604 (control), Fig. 59, has devel
tiekets. These results are corroborated both the histological
examination and by the calcium oxide present in the bones. The
weioht curves of these animals are shown in Fig. 61.

The egg yolk not only brought about great improvement in the
bones, but also in the reneral condition of 606, Whereas 605
(control) was weak and had some diffieulty in moving about, 606
(egg yolk) was extremely active at the end of the experiment.

B. Tug IsteracrioN oF CEREALS WITH SALTS,

At an early stage of the discovery that cereals varied in their
rickets-producing effect it was felt that the point as to whether
the action was controlled by their caleium-phosphorus content had
to bo considered. This question is discussed at length at a later
stage (see pages 46-50), but at this point a few experiments will be
deseribed which demonstrate how the cereal effect is influenced by
alterine the amounts and ratios of caleium and phosphorus in a
diet deficient in anti-rachitic vitamin.

(i) The Effect of varying the Caleiwm and Phosplorus Content of
the Diet by adding Caleiwm Carbonate, Coleiwm Phosphate,
wnd Sodiwm Aeid Phosphate to Diets deficient in Anti-vachitic
Vitamin. .

Age at beginning of experiment: 6 weeks. |
General ilg diet : separated milk powder 25-30 gms., meat
10-20 gms., sodium chloride 1-4 gms,, veast 3-0 gms., orange juiee
3-5 c.cms., oatmeal 40 to 100 gms. s
As regards the above general diet two points are to be noticed :

(1) the cereal used throughout was oatmeal, (2) the separated milk

powder in the diet was moderately large from the beginning of the

experiment, i.e. 23 gms, and was soon raised to 30 gms. daily.

The object of giving more separated milk than in many of the

other experiments was to antagonize to some extent the very potent

rickets-producing effect of the oatmeal and so, by prolonging the
experimental period during which the animals ate their food

(uantitatively, to obtain better comparative results. '

In the following series of experiments the caleium and phospho
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caleium phosphate Ca, (PO
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altered by adding caleium carbonate,
1o and sodium acid phosphate N

! aH, PO,
diet of three of the four animal '

8.

TABLE 14,
. il hndnens ot ";__. J. sy i._ﬂ : :
P o Drration e, Cal in Femur Shaft,
Exvpe., Variabie, | Exrt. Initinl. | Firal. | Moz, Pereentage. | Amount. Histology.
| Weeks iz, | s s, Ty, Frm&.‘ s,
713 | Control 22 | 2430 | 5510 | 5500 | 142 | a7 | 0-51 | Very bad
{ { after 17| rickets
weeks | |
713 | +037 to 25 | 2220 | 6450 | 6450 | 114 | 76 | 0408 | Bad rickets
[ =74 gms. | |
CaCo, ' { [ |
1| +038¢t0 | 22 | 2250 | 4480 | 880 | 158 | 65 | 068 | Verybad
076 gms. | i after 18 | rickets
| Cag(PO, | | woeks :
710 | +0-3 to | oG 2380 — —- —_ | - _— -—
08 ems. | |
NaH.PO, | I
I ¥

* N.B.—After 22 weeks diet changed and animal used for other purposes.

The caleium in the added ealeium earbonate (0.37 to 0.74 gm.)
and ecalcium phosphate (038 to 0.76 gm.) is equivalent to that
present in about 125 to 250 c.ems. of cow’s milk, so that, from the
point of view of caleium eontent, the diets of 715 and 711 can be
considered as having an equivalent of not less than 370 to 550 c.ems,
of cow’s milk. The larger quantity was taken throughout most of
the experimental D::?c

The additional phosphorus in the diets of 711 (0-38 and 0-76 om.
Cay(PO,),) and 710 (0-3 to 0-6 gm. NaH,PO,) is equivalent to that
present in 80 to 160 e.ems. of milk,

The caleium in the diets of 715 (CaCO,) and 711 (Ca,(PO,),) is
identical, and the phosphorus in the diets of 711 (Ca,(PO,),) and 710
(NaH, PO,) is also equal,

The figures in Table 15 represent the lower and upper limits of
caleium and phosphorus intake of these animals during the experi-
mental period. The lower figures in each case show the amount
.aupII:Iierl in the food during the first two weeks of the diet, and the
higher figures from that time until the rachitic condition was severe f‘ o
and less food was eaten, i. e. about 14 weeks, after which time the
amount ingested was reduced equally in each case.

The md%-;gmphs of the wrists of these animals taken after 13
weeks of the diet ean be seen in Figs. 62, 63, 65, and 67. 710
(sodium acid phosphate), Fig. 62, and 713 (control), Fig, 65, have
developed most severe rickets, and to a similar degree of intensity,
while 715 (calcium carbonate), Fig. 67, is the least rachitic of these
four animals, 711 (caleium phosphate), Fig. 63, has bad riekets, but not
as severe as 710 and 713. The effect of adding caleinm carbonate to

the rickets-producing diet
and 67) to be great, but it

(4560)

Tviﬁl be
'

from these radiographs (Figs. 65
seen in Iigs. 70 and 72, a radio-



34 ' EXPERIMENTAL RICKETS

graph and photograph of 715 (calcium carbonate) taken at a later
stage, namely, after 22 weeks of the diet, that this animal also
developed [airly severe rickets. As re%'zrﬂa sodium aeid phosphate.
it is evident that it has not brought about any increased resistance
to the disease. Caleium phosphate (Fig. 63), on the other hand,
has had a definite but not great anti-rachitic action under these
conditions.
TasLe 15.

fa Tutake, P indake, "'r':
T |
710 0-350 to 0-477 gms. | 0480 to 0-850 gms. 1: 176
711 0-498 to 0772 gms, 0-180 to 0850 gms. 1:1-10
718 0-350 to 0-477 gms. 0-411 to 0-701 gms, 1:1-47
716 04980072 gma, | 0411 to 0701 gma. 1: 091 \{\

The caleium content of the bones is in agreement with the
radiographic results. The calcium oxide in the femur shaft has
been raised by the additional caleinm earbonate in the diet from
0-51 gm. to 0-98 gm., and by ealcium phosphate from 0-51 to
0-68 gm. Parenthetically, it may be well to point out how small
these figures are compared with the 1-53 gm. of caleium oxide in
the femur shaft of Exp. 716, a member of the same litter havin
the same diet as the control (713) except that cod-liver replac
olive oil.

The rate of increase in weight of these animals is given in
Fig. 80. For the first 9 weeks of the experiment the diets were
well eaten and the increase in weight in all cases was similar,
After this period, and especially after the twelfth week, 713
(control), 710 (sodium acid phosphate), and 712 (caleium phosphate),
having developed severe rickets, no longer finished their ration, so
that their weight did not inerease so rapidly. The diet of 715
(caleium carbonate) was cut down in an attempt to keep it parallel
with 713, 710, and 712, but even so it put on more weight than
the others.

Although it is evident that the rickets-producing effect of oat-
meal ean be modified by alteration in the amount and proportion
of ealeium and phosphorus in diets deficient in anti-rachitic vitamin,
this method of de}encc is limited in its potency, for all these
animals developed rickets in spite of the variation in the intake of
these elements. It would appear doubtful, therefore, whether the

. . o

Nt

oatmeal effect can be explained by its caleium-phosphorus content

or even whether a first line of defence against the etfect of cereals
is worth seeking in the caleinm-phosphorus contents of a diet.
Thus when the effect of adding these salts to the basal diet is
studied it will be seen that :

(1) The additional ecaleium carbonate has had a distinetly
beneficial effect. The bones are better formed than those of the
control, and indeed than those of the dog eating additional caleium
phosphate. It may be added that the animal was obviously better
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for the extra caleium carbonate and throughout the experimental
periodiwas more active and in better condition.

(2)5The addition of calcium phosphate has retarded the rachitic
condition to a slight degree only, in contrast to the caleium
carbonate effect. In an earlier publication T showed that caleium
phosphate added to a rickets-producing diet did not prevent rickets.
While this is true it would appear to have a slight anti-rachitie
action in the above deseribed and in other experiments of a similar
nature which have been carried out.

(8) The addition of sodium acid phosphate seems to have had no
anti-rachitic effect.

(ii) The Action of Calciwin Hydrogen Phosphate,
CaH,(PO,),, 2H,0.,

The following experiments are desecribed partly because they
illustrate the action of a combination of calcium and phosphorus
different from those deseribed elsewhere in this work, and partly
because the separated milk was by degrees eliminated from the
diets, so that almost all the calcium ingested was provided in the
form of this salt to some of the animals, while in other cases
the diet remained almost devoid of caleium. It was a matter of
interest to see whether the animal body could make use of and retain
adequately in its growing bones the caleium supplied in this form
both when the anti-rachitic vitamin was abundant and when it was
deficient. Caleium hydrogen phosphate is fairl;,? soluble—unlike
caleium carbonate and phosphate—and it is of acidie reaction.

Experiments 492, 494, 495, and 496,

Age of puppies at beginning of experiment : 6} weeks.

General daily diet eaten by all.—Separated milk powder started
at 10 gms. daily and was gradually reduced so that at the end of 7
weeks none was eaten, 1.e. for 211 weeks of the experimental
weeks no separated milk was ineluded in diet : meat 10-30 Zms.,
bread 30-170 gms, sodium chloride 1 gm., orange juice 3 c.cms.,
and during the last 17 weeks 5 gms. of yeast daily.

In addition, 492 received 3 e.cms. linseed oil

494 A B linseed oil +1 gm. CaH JPO,),,
2H,0

495 e " cod-liver oil

496 K w3 cod-liver oil + 1 gm.

CaH,(PO,),, 2H,0.

The diet of 492 was very deficient hoth in anti-rachitic vitamin
and calcium, 494 was very deficient in anti-rachitic but contained
some caleium, 495 had only traces of calcium but a fair supply of
vitamin and 496 had both anti-rachitic vitamin and ealeinm,

The daily intake of ealeium and phosphorus was somewhat as

follows :
492 and 495 494 and 496

A ‘alei 0085 gms, 0- -

Average amount during first 7 weeks l(;llll.ﬂ{::]?:lmﬂ 0165 g:m ﬂ%ﬂgﬁ g:""
last 213 Calecinm 0-045 0188 ,,
" ” TP e Phosphorus  0-205 ,, 0484

L
i
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TasLE 16.
Dy Weight, Cad i Feanur Shaft,
Vi, Akiat, fiomn o :
g;j.pf I"m':':Mu. ;_;:,"r Initial.| Final.| Maz, | Pecentoge. | gwount, | Hislology.
Wesks, | gus | s (FRHS, Dy, | Fresh.  gms.
492 | 3 e.cms. linseed | 213 786 | 2500 | 2750 | Bones too — Very bad
il after 16|  soft to rickets
woeeks | deal with :
494 | 3 c.oms. linseed | 28} | 1500 | 8640 | 4550 | 13-6, 79| 0-64- Very little
oil + 1 gm. after 25 uﬂlﬂlﬁ:’:ﬂﬂﬂh
CaH (PO ,2H, O weeks EBad rickets,
but betrer
than 402
4405 3 c.ems. 281 S | B0 3900 20-8| 11-2§ O-44 ‘!Ttlr;\-‘ slight
eod-liver oil rickets but
osteopoTosis
496 | 8 c.ems, cod-liver| 28F | 1205 | 4450 | 4450 | 17-8| 13-0| 0-85 Nearly
oil + 1 gm. I normal
CaH,(PO,),,2H,0 | .

Radiographs (not reproduced) of these animals, taken during the
experimental period, show that the rachitic changes are intense
in the case of 492 ( —vitamin and —ecaleium), less intense in 494
(+ caleium — vitamin), while the epiphyseal growth in 495 (—ecal-
cium + vitamin) and 496 (+ealeium + vitamin) shows but little
derangement.

The illustrations of the experimental results in this series of
experiments are given in the form of photomierographs of the
costo-chondral junctions (Figs, 81, 82, 83, and 84). These sections
were not deealeified but, after ﬁxing in Miiller's solution, were cut by
freezing mierotome and stained direct in silver nitrate and eosin.
The intense black portions of the ficures represent bone caleinm.
It will be seen that there is practically no caleium in the bones of
492 ( — caleinm — vitamin), Fig. 81, while in 496 ( 4 calcium + vita-
min), iz, 84, the calecification is fairly intense. An attempt at
healing with renewed calcification is evident in 492 (Fig. 81). This
is no doubt due to loss of appetite and diminution in weight
towards the end of the experiment. In 495 (—ealeinm + vitamin),
Fig. 83, it would appear that a great effort is being made to keep
the actual ealcification at the epiphyseal growing margin in wnrking
order, but that this is being done at the expense of ealcium deposite
in the older bony trabeculae and in the portion of the shaft previously
formed. In 494 (+ ealeium — vitamin), Fig, B2, there is a moderate
amount of ealeinm in the costo-chondral junetion, but great disorder
in the growing margin. There is also a fair amount of osteoid
tissue present in 494 but very little in 496.

The bones of 492 ( — vitamin and —ealeinm) were so soft and devoid
of caleium that it was impossible to dissect out the femur shaft
intact for chemical analysis. The caleium oxide contents of the
bones in the other experimental animals of this series are instrue-
tive. For instance, in spite of the low ealeium content in the
case of 495 (—caleinm + vitamin) (0-44 gm.), there was no rickets
but only severe osteoporosis, The presence of caleium aecid phos-
phate 1 the diet of 494 brought about an increase in ealcinm

R o et
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salts in the bones (0-64 gms.), but did not prevent severe rickets

with great derangement of structure. The added ealeium and

Ehmplmt& in the presence of vitamin (496) resulted in more intense
one-caleification (0-88 gm.) and no rickets,

It may be inferred from these results that, when flour was the
cereal eaten, (1) caleium in the diet in the form of ealeium aeid
phosphate was retained and brought about great improvement in
the animal’s condition, but did not prevent severe rickets when the
anti-rachitic vitamin of the diet was deficient ; (2) cod-liver oil in
small quantities (3 c.ems. daily) prevented rickets but not vsteoporosis
when the calcium intake was negligible: when caleium acid phos-
phate was also added to the diet normal bones and a healthy animal
developed ; (8) when both caleium and anti-rachitic vitamin were
absent the bones became osteoporotic and rachitic.

Except in the case of sodium phosphate, where the results have
been somewhat contradictory. the experiments above deseribed
dealing with the action of calcium and phosphorus-containing salts
are typical of those obtained in other series, for whenever it has
been tested calcium carbonate has had a distinet anti-rachitic action
and caleium phosphate and caleium aeid phosphate a slighter effect
in the same direction. In one or two experiments the caleium car-
bonate effect has been so great as to result in the production of
almost normal bones, but in most cases rickets has developed but to
a less degree than in the control animals not receiving additional
chalk. Why there should be this variation is not known, but the
animals in which the anti-rachitic action of the calcium earbonate
has been most potent have been small animals eating less food and
less liable to develop rickets than the heavy type of puppy. There
seems, however, to be but little doubt that the close interaction of
the anti-rachitic vitamin and ealeium allows a certainamount of inter-
change between the relative amounts of these substances, so that in
some circumstances a low anti-rachitic vitamin content of a diet
may be counterbalanced by a high caleium content. 1 have pre-
viously pointed out how much more effective the anti-rachitic
vitamin of butter is in the presence of additional ecaleium salts,
and that under this condition caleium phosphate appears to be as
effective as calcium carbonate (see Exps. 648 and 64Y). Other ex-
periments, not described here, have demonstrated that caleium acid
phosphate also is more completely incorporated in the body when
the diet contains butter,

Lt is necessary to emphasize how relatively small is the effect of
adding calcium carbonate or caleium phosphate only to a diet
deficient in anti-rachitic vitamin as compared to the addition of
a good source of this vitamin, such as cod-liver oil or egy volk,
or to a combination of butter fat and these salts, such as milk,
In order to illustrate this point, I have placed side by side
radiographs and photographs of two puppies of the same litter
both on the same basal diet, one of which had received extra
calcium carbonate daily (Figs. 70 and 72) and the other cod-
liver oil (Figs. 71 and-73). 1t will be at once evident how much
more effective is cod-liver oil in bringing about improvement in
deposition of caleium salts in the bones than additional caleium in
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the diet. The hetter ealeifieation and formation of the bones was
associated with greater activity, liveliness, and better health of the
animal, so that in every way the added souree of vitamin was
superior to the caleium earbonate.

The question arises as to whether the caleium earbonate exerts
its anti-rachitic effect (1) by neutralizing the rickets-produecing
action of catmeal, (2) by increasing the effectiveness of any anti-
rachitic vitamin there may be in the diet, or (3) by both of these
actions. The dietetic conditions responsible for the production of
rickets are so closely bound together and interdependent that it
is impossible at this stage to give a definite answer to the above
questions. One of the experimental conditions which would have
to be fulfilled before a definite answer could be given would be the
complete elimination of the anti-rachitie vitamin from the diet.
In these experiments there has always been a small amount of this
vitamin present, even in the most rickets-producing diets used. It
can, however, be definitely stated that ealeium ecarbonate improves,
to some extent, bone-caleification, even when the anti-rachitic
vitamin in the diet is small.

SuMMary ofF Secriox IV.

Whereas it is clear from the above experiments that foodstufis
rich in anti-rachitic vitamin oppose to different degrees the rickets-
producing effect of cereals, the outcome of the contest obviously
varies greatly aeccording to many circumstances, including the
source and amount of vitamin in the diet and the type and amount
of cereal used.

Cod-liver oil is so potently anti-rachitic that it can -easily
antagonize the rickets-producing action of cereals, even of oatmeal.
Ege yolk also aets powerfully in overcoming the ecereal effect.
Butter alone exerts little antagonism to the cereal, but, working
in conjunction with the remaining constituents of milk, its
anti-rachitic influence is greatly emhanced. When the calcium
content of the diet is raised by adding ealeium earbonate or
ealeium phosphate, the calcifying aetion of the vitamin in butter
is much inereased. The anti-rachitic action of separated milk
is definite, but cannot be explained solely by its caleium content.
Whole milk is more intensely anti-rachitic than the influence
of its butter fat content would suggest. Cabbage, under the ex-
perimental eonditions described, has a definite but relatively feeble
effect in combating the influence of oatmeal. It is possible the
green vegetable action would be much greater if the tests were
made on herbivorous animals than when made on puppies, whose
alimentary canal is obviounsly ill-adapted for the digestion of these
foodstufts. Caleium carbonate, caleium phosphate, and caleium
aneid phosphate inerease the deposition of ealeium salts in bone and
antagonize, to some extent, the rickets-producing effect of cereals,
even when the anti-rachitic vitamin in the diet is small. Calcium
carbonate is the hest of the salts tested under these conditions.

i " If:q-&rfq_ﬁm-.mm-. s
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V. THE INTERACTION OF CEREALS WITH ULTRA-
VIOLET RADIATIONS.

A. EXPosure oF THE SKIN To ULTRA-VIOLET Raprarioxs.

The curative effect of exposure of the skin to ultra-violet radia-
tions of a mereury-vapour lamp on human rickets was demonstrated
by Huldschinsky [12{:,] in 1919, and since that date other investi-

tors have published confirmatory observations on this subjeet,

esides the clinical confirmation of these facts by Hess and Unger
98], and also by Chick. Dalyell and eolleagues [13], the matter
ame & subject of experimental study on animals, more especially
on rats. These animals were placed on rickets-produeing diets, which
were modifications of a type used by Sherman and Pappenheimer
[16 a], and were exposed at intervals durin o the experimental period
to the radiations emitted either by the sun or by lamps of varioug
forms. The essential characteristics about these diets were that both
the fat-soluble vitamin and the phosphorus were deficient. Under
these dietetic conditions it was found by Hess, Unger, and Pappen-
heimer [10] on the one hand, and Shipley, Park, Powers, MEC(BFHD],
and Simmonds [14] on the other, that exposure to ultra-violet
radiations had a strong anti-rachitic effect. Huldschinsky [10 6]
had also found that the action of the radiations was not confined to
imgmvement in bone-calcification of rachitic children, but that in
addition they exerted a curative influence in tetany. In the case of
the rat experiments Powers, Park, Shipley, MeCollum, and Sim-
monds [lﬁ]pfuund that the sunlight also brought about a greater
eonsumption of food, stimulated activity, improved the appearance,
and inereased the reproductive capacity. The light influence on
the metabolism was, in fact, widespread,

Somewhat earlier than the publications of Huldschinsky it had
been found that diet played an important part in the aetiology of
rickets, and that in particular a substance similar in many properties
and in distribution to vitamin A had a potent controlling intluence
on bone-calcification (E. Mellanby 1 a,b). It became a matter
of interest to see in-what way the respective influences of diet and
exposure to ultra-violet radiations were related to each other so far
as the caleification of bone was concerned. The suggestion was made
by the American workers that the action of radiation was similar to
adding phosphorus to the diet (Hess and Gutman [11], Powers, Park,
Shipley, &e. [15]). This suggestion seemed feasible when the
experimental results on rats were being considered, but had no
meaning from the point of view of human rickets where there was
no reason to believe that a dietetic phosphorus deficiency was of
importance. It soon became apparent that the effects of ultra-violet
mﬁtiun were closely similar to those produced by adding a source
of vitamin A to a diet previously deficient in this substance. The
question then arose as to whether the radiations, striking the skin,
brought about the synthesis of this vitamin or that they activized
the supplies of this substance already present in the body. It is now
probable, as the result of the experimental work on the growth of
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rats by Hume [1'}'} and also Goldblatt and Soames [18], that the
radiations mobilize and stimulate to activity the supplies of fat-
soluble vitamin already present, and that they do not inerease its
amount. It has not yet been demonstrated that in the case of bone-
calcification, also, the aetion of ultra-viclet rays depends upon
stimulating to activity the anti-rachitic vitamin supplies in the
body, but the similarity in distribution and behaviour between the
substances stimulating growth of young rats and the caleifieation of
bone respectively is so close that it is most probable that this
explanation can be extended to the anti-rachitic influence of the
radiations. Sinee the only means of access of anti-rachitie vitamin
to the body, so far as is known, is by the food, exeept in the unborn
and suckling infant, where the origin must be through the maternal
food, it is elear that the interplay and interdependence between the
fat-soluble vitamins in the food of an animal and the exposure of its
skin to sunlight or other source of ultra-violet radiation must be of
great significance as regards the formation of bone and other
tissues. In fact the experiments indicate that, under those con-
ditions which allow exposure of the body to sunlight, less anti-
rachitic vitamin in the food will be eompatible with perfect bone-
calcifieation than when there is no chanee of such exposure : that is
to say, the anti-rachitic vitamin of the diet can be to some extent
replaced by exposure to ultra-violet rays.

In view of the facts deseribed in this publication, it ought to be
possible to extend this question of the interaction of food and sun-
light, for it has been shown that there is in cereals, and especially
in oatmeal, a substance which, instead of aiding the action of the
anti-rachitic vitamin, actively antagonizes it. On the basis of
interchangeability (within limits) between the anti-rachitie vitamin
of food and exposure to ultra-violet radiations, it would be expected
that the substance in cereals under study would also antagonize the
influence of the ultra-violet rays, just as it antagonizes the vitamin.
Experiments will now be deseribed which show that this is the
case, so that, when the diet is deficient in anti-rachitic vitamin, the
effect of exposure to the radiations is large only when small quan-
tities of cereal are eaten, and that as these increase, especially if in
the form of catmeal, the smaller becomes the ealeifying influence of
the rays.

il el it (R - Wyt W i -+ Ml e, e B - o

The Antagonistic Aetion between Erposure of the Skin to Ultra-

Violet Rays and Oatineal in the Food.

Age at beginning of experiment : 6 weeks.

General daily diet, eaten by all the puppies, eonsisted of separated
milk powder 25-30 gms,, meat 10-20 gms., orange juice, 3-5 e.cms.,
yeast 5 gms., sodium chloride 1-4 gms. and olive oil 10 c.ems.

In addition, 713 received 60-100 gms. oatmeal,

717 T 60-100 gms.
712 & d0-50 gms.
714 & 30-50 gms, i

The abdominal regions (after shaving) of 717 and 714 were ex-

posed to the radiations of a mereury-vapour lamp at a distance of

]

n



CEREALS AND ULTRA-VIOLET RAYS 41

about 1 yard for a period of 80 minutes thrice weekly throughout
the experimental period.

TainLe 17,

{ e Weight, Call in Femur Shaft,
z | Exposure| Duvalion |
No. of| Diet. | |

Expt. |Fariable, | Radia-| of Expt, [ Tieétial. . Final | Max, Percentage, | Amownt, | istology,
| | Weeks, | gms. | gms. | gms. Dry. | Fresh, |  gws.
. . | |
718 gx. | 0 22 2430 | 5510 | 5HgO | 14.2 | 57 | 0-51 Very
Oatmeal | | i after 17 | : el
: : l | wecks | : rickets
AT 12x do. | + 22 | 2880 | 6720 | B7BO 14:8 | -6 0.55 Bad
' | after 20 | | riekots
[ | | weeks
712 | x.  do. Wonnd | | 2140 | 8860 | 4480 | 264 | 7-7 | 0-68 Bad
' , after 16 rickets
i i { | weeks
T | x do. |+ | 22 | 1000 | 4700 | 4700 | 226 | 118 | 1.1 Rickets

) |

The results of these experiments, and particularly the radiographs
(see Figs. 65, 69, 64, and 66), show clearly that exposure to the
ultra-violet rays has resulted in a definite anti-rachitic effect and an
improvement in caleification. There is, however, a great difference
in the amount of improvement brought about in Exp. 714 (Fig. 66)
as compared with 717 (F ig. 69). This is also evident in the photo-
graphs of sections of the costo-chondral junetions of these animals,
713, 717, 712, and 714, which are showr in Figs, 75, 79, 74, and 76.
It will be seen that the Junction of 714 (Fig. 76) is much more
normal than 712 (Fig. 74). On the other hand, that of 717 (Fig.
79) is somewhat similar in rachitic derangement to 713 (Fig. 75).
In 712 and 714 the rickets-producing effect of the diet was rela-
tively small, because, although the diet was deficient in anti-rachitic
vitamin, the amount of cereal eaten was moderate in amount.
In 713 and 717 the cereal eaten was double that in the diet of
712 and 714, so that the rickets-producing effect of the food was
great. When the rickets-producing effect of the diet was small
the effect of the radiations on bone-ealeification was large, so that,
for instance, the shaft of the femur of 714 contained 1.14 gms. of
caleium oxide as compared with 0-68 gm, in 712, The difference,
0-46 gm. Ca0, can probably be ascribed to the effect of the ultra-
violet light. When the rickets-producing effect of the diet was
large the effect of the radiations was less pronounced, for whereas
the femur shaft of 713 (control) contained 0-51 gm. CaQ, that of 717,
which received light treatment but the same diet, contained only
0-79 gm. CaO, an increase of 0-28 gm. as compared with the
increase of 0.46 gm. caleium oxide in 714, although the same
exposure to light was experienced in each case. The normal dog
in this litter (716) which received cod-liver oil instead of olive
oil had 1-53 gms. calcium oxide in its femur shaft. The histo-
logical appearance of the bones is in harmony with their radio-
graphic appearance and chemical composition. _

eight curves showing differences in the rate of increase in
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weight according to the amount of oatmeal in the diet are given in
Fig. 80. It will be seen that 713 and 717 (2@ oatmeal) put on
weight more rapidly than 712 and 714 (x catmeal).

Two other series of experiments dealing with the question of
interaction between light radiations, diet, and bone-calcification were
earried out, but will not he referred to in detail here. In one set of
puppies the experimental methods were similar to those already
deseribed, but the worst diets were even more unbalanced than in
718 and 717 described above. In this series the separated milk in
the diet amounted to 150 c.cms. as compared with the 250 to
300 c.ems. taken by 713 and 717. Exposure to the mereury-vapour
lamp greatly improved the hone-calcification and general eondition
when the cereal in the diet was kept small, but with much oatmeal
eaten exposure to the rays brought about no improvement.

In a third series the control animals were kept indoors and the
others were exposed to the sunshine in the open. These experiments
were carried out in May and June, 1922, when there was a good
:-s;ﬁp]y of sunlight. In addition to the sunlight the exposed puppies
had other advantages, for they had more opportunity for exercise,
more fresh air, and a different temperature. The results, however,
were in general similar to those obtained with the mercury-vapour
lamp. When the oatmeal was kept small the exposed animal was
much more active and had better calcified bones than the correspond-
ing animal indoors, but, with a large intake of oatmeal, when the
diets were also deficient in anti-rachitie vitamin, the sunlight and
other factors brought about no detectable improvement.

It is evident that the more oatmeal in the diets above deseribed
the worse is the rickets produced and the less effective is the
exposure to the mercury-vapour lamp; also that just as there is an
antagonism between cereal and anti-rachitic vitamin in the food so
far as rickets and general nutrition is concerned, so there is an
antagonism between the rickets-producing substance of cereals and
exposure of the animals to ultra-violet radiations.

B. Exrosurg orF OarmMeAL To ULTRA-VIoLET RADIATIONS.

It has been found recently by Steenbock and Black [45] and also
by Hess [4-6] that exposure of certain foodstuffs devoid of fat-
soluble vitamins to ultra-violet radiations confers upon these
substances nutritive properties similar in many respects to those
of the absent vitamins. Thus a synthetic diet, perfect so far as is
known exeept for a deficiency of growth-promoting and anti-
rachitic fat-soluble vitamins, acts temporarily after exposure to
ultra-violet radiations as if containing these specific substances. In
fact it seems to matter but little whether the radiations are applied
to the skin of the experimental animal (rat) or to the vitamin-
deficient food eaten by the animal.

Even irradiation of the sawdust, used as bedding in cages in-
habited by rats eating a diet deficient in fat-soluble vitamins,
confers upon these animals powers of growth similar to those
possessed by directly irradiated animals eating a similar diet.
(Hume and Smith [48].)
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It is difficult to comment upon these experimental results, for the
question of inter-relationship between nutrition, vitamins, and
radiations is both new and unexpected and knowledwe of the
subject is but meagre. It is first necessary to aceumulate facts
concerning the phenomena, and, among other things, to determine
the relative importance and potency of the different factors, One
point seems probable hoth as regards the effect of radiations on
the skin and on the food, namely, that these do not synthesize or
bring about the formation of fat-soluble vitamins but stimulate
to activity those vitamins present in the body,

It has been shown above that the rickets-producing effect of
oatmeal can be antagonized both by the anti-rachitic vitamins
in food and to a less extent by the application of ultra-violet
radiations to the skin. It seemed of interest to know whether
the diveet exposure of oatmeal to ultra-violet radiations would
have a similar effect and so minimize some of its toxie action, The
following experiments indicate that this is the case.

The Exposuve of Oatmeal to Ultra-Violet Radiations.

Experiments 877, 878, 879, 880, and 88].
Age at beginning of experiment seven weeks.

General daily diet eaten y 877, 879, 880, and 881 consisted of
separated milk powder 20 gms., meat 10 gms., olive oil 10 c.cms,,
yeast 5 gms., orange juice 3 c.ems., sodium chloride 1 to 3 gms., and
oatmeal 30 to 100 gms,

The diet of 878 was the same except that 1 c.em. of olive oil was
replaced by 1 c.em. of eod-liver oil, thus allowing the effect of the
r&giﬂ.tiﬂns to be compared with that of a small amount of a definitely
anti-rachitic substance,

Some ingredients of the diets were exposed to the radiations of a
mercury-vapour lamp as follows :

877—oatmeal was radiated before cooking.

879—oatmeal was first cooked and then exposed to radiations.
880—olive oil was exposed to radiations.

878 and 881— none 0F§]1e food was radiated,

The foodstuffs exposed to the ultra-violet radiations, i.e. ocatmeal
B77), porridge (879), and olive oil (880), were spread out in thin
yers in photographie developing dishes and were placed within

two feet of the mercury-vapour lamp. The exposure lasted for
thirty minutes, during which time the substances were often stirred
to allow a large surface being influenced. A two days’, and on
Saturdays, a three days’ supply of the ingredients was exposed at
one time, In the case of 877 the oatmeal was cooked in a steaming
utensil for 13 hours after exposure to the radiations, whereas in the
case of 879 the cooking preceded the application of the radiations,

The radiographs taken after six weeks of the experimental
treatment are shown in Figs. 97, 98, 99, 100, and 101. It will be
seen that 881, Fig. 101, the control animal which had none of its
food radiated, has developed severe rickets, whereas 877, Fig. 97
(oatmeal radiated), and 879, Fig. 99 (porridge radiated), only show
slight and similar rickets. 880, Fig. 100 (olive oil radiated), is
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nearly normal, 878, Fig. 98 (1 c.em. cod-liver oil), is m_:u"ma.l. 1t
is neeessary to state that, although 877 (ocatmeal 1'admt@:d} _has
developed but slight rickets even according to X-ray examination,
made at a later stage than that of Fig. 97, it shows great muscular
weakness. This combination of slight rickets and great muscular
weakness is unusual. In the case 0? %81 (no radiations) the ﬂ.ﬂ'l].'['ll!.-l
has developed muscular weakness and severe rickets, which 18
usual with this diet.

Weight at |

o b Thind ﬂ;f::-::;ﬂp;p: Tuidiald time of ool ingrapfiic vesells
: h_f:':}sf ' I’ulrr'ul:«!'u vl fodpi rrpﬁ._l weight. -l‘mﬁuyrnph.! ﬂs!_fe E;:I}"’m’ v, 931,
.. e (s, | P ] y 10, and 1013,
- —_ |
BIT | Oalmeal (i 1460 | 2860 I Commeneing
| radiated | , Rickets
B8 1 c.em. of i 1440 | 2850 | Normal
god-liver oil. | |
No radiations | |
57D Oatmeal | [\ 1580 | 3130 Commeneing
i copked and | Rickets
| ‘radiated
880 | Olive oil | 6 | 1500 3020 Commeneing
{  radiated. | | Rickets
| Datmoal not |
radixted
581  No radiations G f 1500 2170 |  Bad Rickets

Up to this stage of the experiment all the diets were eaten
completely. The weight curves are shown in Fig. 102.

It appears from these results, which are however only of a
preliminary nature, that exposure of oatmeal, cooked or uncooked,
to ultra-violet radiations of the mercury-vapour lamp has so
influenced the cereal that its rickets-producing power l;aaa been
reduced. Similarly, exposure of the olive oil of the diet has
conferred upon it anti-rachitic properties tending to inhibit the
oatmeal effect. Cooking the oatmeal after irradiation did not
destroy the effect of the exposure. It is important to notice that,
striking as these results of food irradiation are, the anti-rachitie
effect of the diet conferred by irradiation as carried out in these
experiments is smaller than that exerted by one cubie centimetre
of cod-liver oil. In the appraisement of the practical value of
ultra-violet radiations, so far as one aspeect of their ph},rsin}lngiml
influence is concerned, this observation is of importance.

Result: From preliminary experiments it would appear that
some part of the rickets-producing influence of oatmeal can be
eliminated by direct exposure of this cereal, either cooked or
uncooked, to ultra-violet radiations of a mereury-vapour lamp.
The same kind of antagonism is seen as when the animals eating
oatmeal as an ingredient of a diet deficient in anti-rachitic vitamins
are themselves exposed to ultra-violet rays. !
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VI. DISCUSSION OF THE MODE OF ACTION OF CEREALS
IN PRODUCING RICKETS. :

The evidence given above shows that, under the experimental eon-
ditions deseribed and especially when the diet is deficient in anti-
rachitic vitamin, (1) increasing the cereal in the diet increases the in-
tensity and hastens the onset of rickets in puppies, and (2) varying
the type of cereal in the diet of puppies, while keeping all other
eonditions constant, results in great differences in the intensity
of the disease. It has also been shown that the ceresl rickets-
producing action can be antagonized or modified by (1) the presence
in the diet of foodstuffs containing the anti-rachitic vitamin, such
as cod-liver oil, milk, egg yolk, eabbage, &e., (2) exposure of the
skin or the cereal to ultra-violet rays, which prﬂﬁbl}' act by
mobilizing and activizing latent stores of anti-rachitie vitamin in
the body and (3) the presence of salts containing ealeium and
phosphorus in the food. ;

It is necessary now to inquire into the explanation of these
results, and more especially to seek the reason for the different
rickets-producing intluences of the various cereals. Why should
oatmeal be more potently rickets-producing than rice or white flour,
and why should wheat germ intensify the disease? 1t is obvious]
necessary in the first place to try to find a solution to this problem
in terms of known constituents of cereals and, it is from this point
of view, that the experimental results will now be considered.

(A) THE CARBOHYDRATE MoOIETY o CEREALS.

Partly because earbohydrate is quantitatively the most important
constituent of cereals and partly because this substance is often
held responsible for the production of rickets in children, it is but
right that this aspect of the question should be first examined.

I pointed out earlier in this publication that the experiments in
which pure carbohydrate was added to the dist were difficult to
carry out, and that in the series of experiments which were fairly
satisfactory the results indicated that carbohydrate alone did not
appear to explain satisfactorily the total effect of varying quantities
of bread in 31& diet. This conclusion is confirmed most strongly
when the carbohydrate content of the different cereals whose
rickets-producing influence has been tested is examined. The
following table gives the protein, fat, and earbohydrate content of
some of the cereals (Sherman [19]).

TapLe 18.

Fer cent, FPer cent. Per rent,

Carbolapdiats, Profein, Fat,
Datmeal . . z . . 75 16-1 T2
Rice : ; : - i Th-0 80 -3
Wholemeal Hour . 3 3 719 13- 1-%
White flour . : : & Th-4 79 1-4
Barley . : . : 3 778 55 1-1
Rye . 5 ! § ; 78T -5 o9
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It will be noticed that oatmeal, the worst offender so far as the
production of rickets is coneerned, contains the least carbohydrate
(67-5 per cent.) while white flour and rice, the least rickets-
producing, contain as much as 76-4 and 79-0 per cent. carbohydrate
respectively. It would appear then quite definite that the cause of
differences in the rickets-producing action of the various cereals
must be sought along other lines than their carbohydrate content.

But while this is the ecase, it would be wro to discount
completely the part played by carbohydrates in problems of bone-
caleification of growing animals, The more rapid growth which
may result from additional earbohydrate in the iet will obviousl
call for a larger supply of those substances such as anti-rachitic
vitamin and caleium essential for bone-caleification. Increasing the
carbohydrate of the diet would be expected to bring about larger
bones and, if the ealeifying vitamin is deficient, relatively more
defectively formed bones. Although, therefore, the part played by
carbohydrate will not be considered further in this publication it 1s
necessary to mention that its action in producing rickets or at least
defective bone-calcification is probably of some importance. From
the point of view of supplying material for growth purposes, the
protein of cereal can probably be regarded also as an offender in a
similar category to carbohydrate. It is clear, however, that the
differences in rickets-producing effect of the cereals cannot be
explained on the basis of their carbohydrate constituents.

(B) THE MINERAL SALT CONTENT OF CEREALS.

Just as the clinician has often aseribed nutritional disorders in
children following the ingestion of excessive cereal to its earbo-
hydrate content, so the agriculturist has put the blame on its salt
content. The ash of cereals contains so many mineral elements
that it is obviously possible to formulate many hypotheses as to
the manner in which variations in this group of substances might
act. A few of these will be discussed in the light of the experimental
results above deseribed, and then further experiments dealing with
the action of other cereal constituents will be dealt with.

(i) The Absolute and Relative Amownts of Caleium and Phosphorus
in Cereals.

It is elear that the development of rickets must ultimately be
brought into relationship with defects in the ealcium and
phosphorus metabolism. The diet of growing animals must contain
sufficient ealeium and phosphorus to provide that amount which is
normally incorporated in perfect bones and other tissues. Other-
wise, whatever the condition, the bones will either be imperfectly
calcified or growth will be delayed.

The point of view is so obvious that it has received abundant
consideration by those investigating the aetiology of rickets. Some
indeed have thought deficient intake of caleium or of phosphorus or
of both of these elements affords the explanation QIE the disease.
Dibbelt [20], Heubner [21].  On the whole, however, this point of
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view has not been generally aceepted (Paton, Findlay, and Sharpe
[22]). So far as human rickets js concerned I have discussed in an
earlier publication [1 d] the question of caleium deficiency in the
diet n.ndp shown how a diet deficient in anti-rachitic vitamin is often
deficient in calcium, so that, although a deficient intake of caleium
alone is not the cause of rickets, it is probable that the disease is
often made worse by the added deficiency. Interest in this aspect
of the subject has been revived on account of the large amount of
work on experimental rickets carried out on rats in recent years, In
the diet described by Sherman and Pappenheimer [16 «] for pro-
ducing rachitic changes in rats there were several defects, one of
which was a deficiency of phosphorus. An extension of this work
by various investigafors inelu ing McCollum and his eo-workers
resulted in the conclusion that, in order to produce rickets in rats,
the diet must not only be deficient in the ealeifying vitamin, but
must also be deficient in phosphorus or caleium, or must contain
these elements in unbalanced amonnts. Some investigators working
in England on the same subject ( Korenchevsky [23 a, b], Goldblatt
[24] &e.), have found it possible to produce in rats either rickets, or
the related condition of defective calcification, osteoporosis, by diets
deficient in the fat-soluble vitamin and without any particular
abnormality in the caleium and hosphorus content of the diet,
There is, however, but little duu]i.)-t that a dietetic deficiency of
caleium or phosphorus added to a vitamin deficiency assists the
development of ricketsin rats just as it does in puppies (vide supra,
page 36). It may be added that the conditions of diet for the
production of rickets in rats are generally so exacting as to be
compatible with only small growth. In’ this respect it differs
widely from the conditions associated with rickets in human beings
or in puppies. It seemed possible that this aspect of the subject,
namely, the intake of caleium and phosphorus, might throw some
light on the variable rickets-producing effect of the different cereals.

The following table shows the amounts of ealeium and phosphorus
in some of the commoner cereals (Sherman [19]).

TasLe 19.

Per cend, Per conf,

Coletum, Dhospliorus, . P
Oatmeal |, . : . =065 (-892 1 57
Rice i : i : (00 0006 1 10-7
White flour | : : 0-020) =002 1 46
Whaole meal flour . L 0031 0-238 1 77
Baplew 0 o - 0080 0-151 1 9.0
Rye flour ] . : 0-015 0-2849 1 16+
Wheat germ . : . 071 1-050 1 14-8

These figures indicate that the relative rickets-producing effect
of the cereals cannot be explained on the basis of absolute
deficiency of calcium or of phosphorus or of both of these elements
in the diet; for oatmeal, the most potent cereal in this respect,
contains 0069 per cent. calcium and 0-392 per cent. phosphorus as
compared with white flour, the least potent cereal, which contains
only 0-020 per cent. Ca. and 0-092 per cent. phosphorus. Here is
an instance of a cereal which contains much more caleium and



45 EXPERIMENTAL RICKETS

phosphorus producing a greater defect in the deposition of
caleium and phosphorus in bone than one containing less of these
elements.

The same conclusion is reached when it is remembered that
doubling the cereal in the diet, other things being constant,
increases the rickets produced in experimental animals (Table 1).
Doubling the oatmeal in the diet must increase the caleium and
phosphorus ingested, and therefore the absolute amount of these
elements in the diet eannot be of deeisive importance.

It may be well to emphasize in this place, what I have previously
stated elsewhere [ ¢.], that these experiments dealing with the
offect of cereals demonstrate the insignificance of phosphorus
deficiency in the diet in the aetiology of rickets. Much stress has
been laid by some Ameriean workers [11 and 15] on the question
of phosphorus deficiency and its relation to rickets, and, even in
seeking for the explanation of such conditions as starvation and
sunlight on rickets, attention has been largely fixed on phesphorus
metabolism. The results here described suggest that too much
emphasis has been given to this aspect of the subject.

glut, while the absolute amounts of caleium and phosphorus in the
cereals do not explain their action in interfering with bone-caleifica-
tion, it is necessary to consider the possibility of the relative amounts
of these mineral elements being .:n!’ importance in this respect. The
point has been thought by some of the earlier observers to be of
great significance. For instance Ingle [25] suggested that excess
of phosphorus over calcium was responsible for the development of
‘bran disease’ or ‘millers’ horse rickets’ developing in animals
overfed with wheat offal. Weiske [26] found that t}fm weight of
the skeleton and the body weight of rabbits were increased when
ealeium carbonate was added to a diet of oats. The addition of
codinm acid phosphate to oats resulted in a skeleton lighter in
weight than when oats alone were eaten by rabbits. I have also
suggested El d] that excess of phosphorus as compared with ealeium
might explain the rickets-producing effect of acid-caseinogen as
compared with casein produced from milk by rennet. Acid-
caseinogen contains no caleium but a fairly large amount of
phosphorus, while ecasein contains some calcium as well as phos-
phorus. It seemed possible that acid-caseinogen was more rickets-
producing because its phosphorus was oxidized to phosphoric-aeid,
and this in its exeretion deprived the body of some of its caleium.

The importance of the relative amounts of ealcium and phosphorus
in the diet has also been pointed out and emphasized by MeCollum,
Simmonds, Shipley and Park [4 b, ¢]. As the result of their work
on experimental rickets in rats they state that “in so far as caleium
and phosphorus are concerned the physiologieal relation in the diet
between the two is of infinitely greater importance in increasing

it ., e e i, - 22 mn
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normal calcification than the absolute amount of the salts them-

selves .

Sherman and Pappenheimer [16 b] have also stated that the

quantitative relations of the inorganie ions are of greater importance
than an absolute deficieney of any one of them. "
Other evidence of the importance of a balanced ealeium-phospho
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intake is afforded by the experiments of Goldblatt [24 b], who
found that increasing the calcium carbonate of a diet, previously
used by Korenchevsky [23], so that the caleium-phosphorus ratio
was altered from 1:0-80 to ' 1: 020 transformed a non-rickets-pro-
dueing into a definite rickets-producing diet.

From another direction also evidence is fortheoming that the
balance of caleium and phosphorus intake is of importance in all
problems of caleium and phosphorus metabolism. Tt has heern
shown for instance that an excess of caleium in the dief results in
a larger amount of phosphorus being excreted in the faeees and less in
the urine (Riesell 27|, Lehmann [28], Strauss [LE(EE, and Herxheimer
&3{]], &e.  For a review of this subjeet see Forbes and Keith [31}}.

t appears that, although additional caleium in the diet slightly
inereases the amount absorbed, as is evident from the small ineresse
in urinary caleium excreted (Riidell [32]), the phosphorus of the food
is retained to a large extent in the alimentary canal by the extra
caleium and its absorption into the cireulation inhibited (Telfer
[33]). Similarly under some conditions an increase in the phos-
phorus of the food as by adding sodimm acid phosphate results
in an increase in ealeium content of the urine and a diminution of
faecal ealcium (Telfer [33]). Thus it is clear that u,lterin[?v the
balance hetween the ealeium and phosphorus intake is eapable of
influencing greatly the absorption of hoth substances and of
altering the supplies of each available to the body for assimilative

puq‘::-.oaee. _ | :

The facts suggest that in searching for an explanation of the
action of cereals the caleium-phosphorus ratio of these substances
must receive consideration. In Table 19, page 47, this ratio is set
out. It might be expected that oatmeal and wheat germ, which
have been shown to possess the most potent rickets-producing
effect, would have a comparable caleium-phosphorus ratio but
differing from that of white flour and rice, the least rickets-pro-
ducing cereals. Contrary to this expectation, however, oatmeal
and white Hour have calcium-phosphorus ratios of the same order,
ive.1: 57 and 1:4-6 respectively, whereas rice and wheat germ
have much higher ratios (1:10:7 and 1: 14-8 respectively).  In

- fact the complete discordance between the actual results and what

would be expected on the basis of the hypothesis precludes further
discussion on this point. In other words there is no support for
the suggestion that the more intense rickets-producing effect of
oatmeal under the experimental conditions deseribed is due to
a relatively large content of phosphorus as compared with caleium.
It has also been shown that oatmeal contains actually much more
caleium and phosphorus than the other cereals examined (Table 19)
0 that no solution of the problem seems obtainable in this
ion.

While the action of cereals cannot e aseribed to their caleinm-
phosphorus content, there is no doubt, but that their effect on bone-
caleification can be greatly moditied by altering the calcium and
phosphorus of the diet, even when the anti-rachitic vitamin is very
deficient. Tt has been shown above for instance that the addition

Of caleium carbonate to the rickets-producing diets inhibited

(#560) L
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rachitic changes to a varying extent according to the amount of
coreal caten and the rate of growth of the puppy. Caleium
phosphate also had a beneficial effect under the same conditions but
to a less degree. In other experiments it was found that caleium
acid phosphate in the diet also improved bone-calcification. The
anti-rachitic effect of these salts is not, however. sufficiently potent
under these conditions to lead to the belief that the ca]cium-
phosphorus content of cereals holds the secret of their rickets-
produeing action. '

(it The Part Pluyed by Other Mineral Constituends of Cereals
il the Acid-Bose Balawce.

While attention has been so far confined in this disenssion to a
consideration of the part played by the caleium and phosphorus
in cereals, the other mineral elements wust receive attention, for
it has been urged that they also are of importance in this con-
nexion. The suggestion has been made that foodstuffs tend
to cause bone lesions in horses when they contain a relative
excess of potassium to sodium. It has also been obscrved that,
not only is the ealeium in the various grains and their derivatives
small, but that the ratios of magnesium to caleium and potassiam
to sodiumn are high. .

From their experience of rickets in pigs, Elliot, Crichton, and
Ovr [35] considered that the main eause UF this disease was almor-
wality in the salt content of the food. They found that the
addition of ealeium carbonate and sodium hydroxide to the diet of
oatmeal, white bread, cod-musele, swede turnip, produced great
improvement in nutrition, and prevented rickets. The action of
fat-soluble vitamin they considered of small importance in the
aetiology of rickets in pigs. It may be said, however, that Zilva,
(+olding, and Drummond [34] have produced rickets in pigs on diets
containing abundant ealeium and phosphorus and in not unbalanced
proportions when the fat-soluble vitamin was deficient.

he frequency with which the cause of rickets has been ascribed
to an ‘acidosis’ suggests that the rickets-produeing action of
cereals might be related to the acid-base balance of their total
mineral constituents, This point of view is also of interest in view of
the Leneficial action of the alkaline mixture (ealeinm earbonate and
sodium hydroxide) used by Elliot, Crichton, and Orr in their work
on riekets in pigs. On the other hand, in direet opposition to the
“acidosis * hypothesis, it has recently been stated by Jones, James,
and Smith [36] that rickets ean be produced in puppies when
eating a complete diet, if its potential alkalinity is raised by the
addition of potassinm phosphate, and that this action of the diet
can be prevented by adding to it hydrochlorie acid.

It has also been seen above that caleinm carbonate has a
stronger anti-rachitic effeet than calcium phosphate in puppies
under certain conditions of diet, and it may be that this
superiority is in part due to the acid-neutralizing effect of the
carbonate. While these facts suggest the importance of the aeid-
hase balance of the ashed l.I.l]']I{:I'ﬁi; constituents of the diet so far
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as the calcification of hones is concerned, there are other considera-
tions which indicate that the problem is too complex to be settled on
such a simple basis. The acidity or alkalinity of the ashed mineral
constituents cannot supply definite information as to the balance
of elements in the cereals themselves because of the presence of
volatile and other organic substances which disappear on incinera-
tion, which must certainly play a part in the acid-base balance of
any biological structure. Then, again, some of the inorganic
elements are easily absorbed from the alimenta ry canal, and others
only with cliﬁicuﬂf, while physiological mechanisms of defence
against acidity and alkalinity are manifold and include not only
buffering mechanisms and the supply of neutralizing agents such
as mmmonia and earbon dioxide but a system of control of respira-
tion, urinary secretion, and sweat gland activity, which ensures an
almost constant neutrality of the blood and tissues, except for
short periods and under great strain. The appreciation of this
mechanism would not lead to the expectation that the total acid-
base property of the mineral content of cereals will prove to he
the controlling mechanism of the facts deseribed.

Other evidence bearing on this question of acid-base balance and
rickets includes that of McCoqum, Simmonds, Shipley, and
Park [44d], who found that the substitution of caleium chloride
for ealcium carbonate or lactate, both of which raise the potential
alkalinity of the diet, had no effect on the rickets-producing effect
of their diets. They concluded that the reaction of their diets did
not influence their rickets-producing power. Zucker, Johnson, and
Barnett [37] come to the opposite conclusion, for in their experi-
ments the substitution of ealeium chloride for ealejum lactate, or
the addition of ammonium chloride converted a rickets-produecing
to a non-rickets-producing diet, while the addition of sodium ear.
bonate acted in the opposite way.

There is obviously great discrepancy between the results and
conclusions of the different investi tors, and, for this reason alone,
doubt arises as to whether the acid-base balance is of fundamental
importance in this problem. It may be well, however, to examine
the figures which are said to be a quantitative expression of the
extent to which either the acid-forming or the base-forming
elements in different foodsiuffs predominate It will be possible in
this way to see whether there is any correlation between the acid-
base ratio and the rickets-producing effect of cereals and other
foodstuffs whose influence on the development of rickets is known.
The figures in Table 20 were taken from Sherman’s Food Pro-
ducts ﬁﬁ], and were obtained by caleulating from the amounts of
acid-forming elements the volume of normal acid which these
elements could yield, and Eimi]arl;' the volume of normal alkali
from the base-forming elements The excess of acid or alkali is
expressed in cubic centimetres of normal solution and is ealled the
‘ potential acidity’ or ‘ potential alkalinity ’ of the substance The

res given indicate the balance of acid-forming and base- forming
- elements contained in 100 ealorie portions of each food :

(#560) D 2
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TABLE 20,

Exceas of

Food st Aeid, Alkali.
Oatmeal 5 i 8 —
Wheole wheat flou 3.8 —_
White flour . 2-7 -
Riee . A 2-7 —_—
Barley. ) 24 —
Milk (whaole} — 26
Milk (skimmed) . - - 5-0
Beaf (Can) . i1 -
Cabbage = 180
Carrots — 240
Eggs 7+h -

It will be seen that there is practically no difference in the acid-
base numbers of the mineral content of the cereals. Oatmeal, for
instance, which is mueh more potently rickets-producing than either
whole meal or white flour has an acid number (3-0) which is lower
than that of whole meal flour (3-3) and higher than that of white
flour (2:7). There is, in fact, no support from these figures for the
suggestion that the different effects of cereals on bone-caleification
is to be found along these lines. As regards the acid-base figures
given for a few other substances, some of which influence the
development of rickets, it will be seen that they have no meaning
so far as bone-calcification is concerned. Whole milk and eggs,
both foodstutfs having potent anti-rachitic effects, have acid-base
numbers of an opposite nature, that for whole milk being a 2-6
excess of alkali and for eggs a 7-5 excess of acid.

It must be concluded that the acid-base ratio of the mineral
elements of foodstuffs is of but small relative importance in their
action on bone-caleification, and ecertainly does not afford the
explanation of the cereal etiect.

C. Tug Acriox ofF SoMgE OrHER CereEaL CONSTITUENTS.

I have discussed above the rickets-producing effect of cereals
in terms of known constituents of these substances which have been
brought forward by different people as affecting the development
of this disease, but important though some of them may be, they do
not afford a satisfactory solution to the problem under discussion.
It was, therefore, necessary, to extend the scope of the inquiry,
and I propose now to deal with other constituents of cereals
whose influence on bone-calcification has been studied in this work.
These constituents are (i) nucleie acid (ii) the fatty substances.

{i} Nucleic Acud.

It is known that both oatmeal and wheat germ contain
amounts of nueleic acid than are found in most other cereals. It
is true that, so far as T am aware, there has never been reason to
believe that the nueleic acids are toxie, but influences sufficient to
explain the effect of cereals on bone-formation are of a low order
of toxicity, and are so insidious and slow in producing their results
that they might easily be missed.

In the experiments made to test this suggestion, a commercial
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reparation of nucleic acid made from yeast was nsed. No doubt
1t would have been more appropriate had the nueleic acid used in
the experiments been prepared either from oatmeal or wheat germ.
The evidence, however, shows that yeast nucleic acid is identical
with triticonucleic acid obtained from wheat embryo. Tritico-
nucleic acid, first prepared from wheat germ by Oshorne and
Harris [38], was also found by them to give the same end-products
of hydrolysis as yeast nucleic acid. These observations were con-
firmed by Levene and La Forge [39], when they found that acid-
hydrolysis of wheat germ nuecleic acid at 175° 'C., under pressure
with ammonia, yielded three of the nucleosides of yeast nucleic
acid, viz. guanosine, adenosine, and cytidine, and also that the
pentose of the germ product was d-ribose as in the case of yeast
nucleie acid.

Seven experiments were made to test the action of nucleic acid
on rickets. To diets made up of separated milk, bread, meat, olive
oil, and orange juice, the commercial preparation of nuecleie acid
(1 to 2 gms. daily) was added, but no evidence was obtained to show
that this substance had a definite rickets-producing effect. In other
experiments yeast itself as a source of nuecleic acid was added in
fairly large quantities to the diets. In an earlier publication I
pointed out that yeast eaten by puppies in quantities of 5 to
10 gms. daily did not have any speeial action on rickets. In these
later experiments it was found that even 40 gms. of yeast daily
had no obvious effect in hastening rickets. In exper ments
using yeast it is, of course, essential to kill the cells by heat
before giving it to the animals. I have obtained no evidence
up to the present time that nucleie aeid is the substanee in cereals
responsible for the rickets-producing effect of these foodstuffs.

(i1) Fatty Substances.

Another chemical constituent of a distinctive nature present in
appreciable guantities in oatmeal and wheat germ is fat. It will
be seen from the figures on p. 45 hew large is the fat content of
oatmeal (7-2 per cent.) as compared with the amount in white flour
(1-4 per cent.) and rice (0-3 per cent.). Although it is usual to
aaeriEe many of the HuppUSBCF advantages of oatmeal over other
cereals to its relatively high fat content, it seemed desirable,
especially in view of the failure of investigations along other lines,
to see whether this constituent had any detrimental action so faras
bones are concerned.

In the case of wheat germ there was already evidence from the
experimental work of MeCollum, Simmonds, and Pitz [40] that
something in the germ that could be partially extracted by ether
was capabie of exerting a toxic action. They dpuintud out. that,
although wheat germ contained protein of good biological value,
some vitamin A and abundant vitamin B, yet it interfered with the
growth of their rats on synthetic diets when it formed too large a
Eortinn of their diets. Its action could be overcome in some degree

y an addition to the diet of 5 per cent. casein and also by in-
creasing the butter from 2 per cent. to 5 per cent. of the food caten,
They eould not decide whether the toxie product of germ was the

D 3
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fatty substance or was only associated with the fatty substance.
An extension of this work is to be seen in the observations of
Hart, Miller, and McCollum [41] on the effect of rations containing
a large amount of wheat on pigs. They produced malnutrition and
degenerative changes in the nerves similar to those found in beri-
heri by diets containing excessive cereals, but these authors point
out that the pathological changes in the spinal cord were due to the
inherent toxicity of the grain and not, as in beri-beri, to a deficieney
of vitamin B. In these feeding experiments on swine the toxie effect
of the wheat conld be greatly mitigated by additions to the diet of
alfalfa and commercial meat seraps. It was suggested that the
heneficial effects of these additions were due to their vitamin A
content, the salt mixture, better proteins. and a liberal supply of
caleium phosphate.

Osborne and Mendel [3] were unable to confirm the results of
MeCollum, Simmonds, and Pitz [40] as to the toxic action of
wheat germ on growing rats, but the diets nsed by Osborne and
Mendel were different from those used by MeCollum, Simmonds, and
Pitz. They contained, for instance, 9 per cent. butter fat, as
against 2 to 5 per cent. present in MeCollum’s diets. This is an
important point, beeause, both according to the results of MeCollum
and his c:)lllengues and the experiments described in the present
publieation, the detrimental effects of wheat germ ecan he easily
antagonized by other constituents of a normal diet. There was no
reason, however, to believe that the substance in wheat germ which
interfered with the growth of rats in the experiments of McCollum,
Simmonds, and Pitz had anything to do with the rickets-produeing
effect of cereals mentioned above.

Before deseribing some of the experiments made to test the
(uestion as to the influence of the fat content of catmeal and wheat
germ on bone-calcitication, some points, including the mode of
preparation of these fatty substances, will be mentioned. Two
methods of preparation have been used. (1) The extraction of
oatmeal and wheat germ with fat-solvents such as acetone and
ether., In the case of oatmeal it is necessary to dry it before
extraction with ether. (2) Saponification by heating with aleoholie
caustic soda and solution of the fatty acids into petrol ether.
200 gms. of cereal, 44 gms. of caustic soda in 40 c.ems. of water
and 500 ¢.cms. methylated spirit were heated in a flask with reflux
condenser for 3 to 1 hour. When the unsaponifiable substances
were required, the mixture was twice extracted with petrol ether
while alkaline. After this it was acidified and the saponifiable sub-
stances extracted twice with fresh petrol ether. Sometimes the
saponifiable and unsaponifiable substances were obtained together
by acidifying divectly after heating with soda and then extracting
with petrol ether.

The following figures show the amount of the different produets
obtained by the above-deseribed methods.

Ot yreead,

On drying loses 9 per cent. of its weight.
Dried oatmeal, on saponification with soda, gives 0.15 per cent.
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unsaponifiable substances soluble in petrol ether and 7-5 to 8 per
cent. saponitiable substanees.

Wheat germ.

The germ used in these experiments is known as ¢ commercial
wheat germ’, and is a mixture of germ and bran.  Different samples
have varied as to the relative amount of these components, so that
the yield of fatty substances has also varied. The less bran present
in the specimen the greater is the percentage yield of fatty sub-
stance. In the preparation of the produets the germ has not heen
dried before extraction.

Commercial wheat germ, on ether extraction in a Sohxlet
apparatus, has given 6 to 7 per cent., while acetone extract has

given 7 to 8 per cent. yield.

Wheat. germ, after saponification with soda, has given about
0-5 per cent. unsaponifiable material and 9-3 to 9.5 per cent. of
saponifiable substance,

All the earlier experiments made to test the action of the fatty
constituents of oatmeal and wheat germ were carried out with their
acetone- and ether-soluble substances. The results were neither
consistent nor easy to interpret. One difficulty was that in nearly
all eases the experimental animals developed severe rickets, and it
was not easy therefore to determine the relative intensity of the
pathological condition. Another cause of difficulty was that,
although a rickets-producing substance appeared in some cases to
be extracted from wheat germ and oatmeal by ether and acetone,

- the removal was only partial. In the case of oatmeal most of the
active substance remained after extraction.

Many other experiments were carried out using different methods
of treatment, such as extraetion with alkaline and acid aleohol solu-
tions. It has not been possible by these methods to come to any
certain coneclusion as to the nature and properties of a substance in
oatmeal which has potent rickets-producing properties,

In view of the uncertainty of the results obtained as to the

- relation of those fatty substances which could be easily extracted
- from oatmeal and wheat germ to the toxic effect of these fondstuffs,
it seemed desirable to prepare the total saponifiable and unsaponifi-
- able substances sc}luhllu),- in a fat-solvent and to test their effect,
- These substances were therefore prepared as deseribed above, and
their action tested in a few experiments. This part of the investi-
- gation is being actively pursued, and the present results must be
re%rd&d as of a preliminary nature only.
4 e following series of experiments is a record of one investiga-
tion carried out on these substances.

Eifect o Saponifinble and Unsaponifiable Substances of Outineal
awndd Wheat Germ.

Experiments 802 fo 807,

Age at beginning of experiment: 7 weeks.

Diet eaten by all included separated milk powder 20-30 gms,,
~meat 10 gns., white flour 30 to 70 gms., orange juice 3 e.cms., yeast
- 3-5 gms., olive oil 10 c.cms.
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In addition, 802 received unsaponifiable substances of germ.
803 % saponifiable 7 ESREL
804 unsaponifiable " , oatmeal.
805 ! saponifiable i o =
807 wheat germ as substitute for 40 per
cent. of wheat flour,
806 was the control puppy and ate the diet without any addition.
The amount of saponifiable and unsaponifiable substances added
were based on the diet of the control animal 806, which received
white flour only as its cereal. For instance, the puppies 804 and
805 received the amount of additional products which were extracted
from oatmeal equivalent in amount to the white flour eaten by 806,
802 and 803 received in their diets daily just as much unsaponifiable
and saponifiable substances respectively as was contained in the
germ eaten by 807. Suppose 806 on a particular day received
100 gms. of white flour, then 807 received 60 gms. white flour and
40 gms. commercial wheat germ. On that day 802 and 803 would
each receive 100 gms. of white flour, but 802 would also get the
unsaponifiable substances made from 40 gms. of germ, i.e. about
0-2 gms, daily, and 803 the saponifiable substances from the same
amount of germ, i. e. about 4 gms. 804 and 805 would also receive
100 gms. of white flour, together with amount of unsaponifiable
and saponifiable products that can bhe obtained from 100 gms, of
oatmeal, 1, e. 0:15 gm. and 7 gins. respectively.

TAsLE 21.
=4l SR ] T ! 1
| | Dntroe= | Wi, | Cal v Femur Shaft,
No. o, Dhigt, don ol | ; j
l‘xp{' Variabie, Eapt, ;Imirn:!. Final. | Max | Percentage. | dwonnt, ; Histology.
| | Weeks, | dms. | s, (i, : Ly, | Fresh.| oms.
|
802 | Unsaponifiable. 123 | 1015 | 3520 | 3520 | 204 | 180 | 075 | Practically
| substances in | | | normal
|  germ g lea 5,
808  Saponifiable = 12§ | 1165 | 3000 | 3080 152 | D3 0-45 |Slight rick
[ substances in after 94 | | more o8
i erm weeks I tizsiie tha
| { &S00 and 803
804 | Unsaponifiable] 124 | 1085 | 3800 @ 3500 | 196 | 13-4 0-67 | Practically
substances in | - | . '
catmeal I
305 I Saponifinble | 12F | 1220 | 2300 | 2080 | 17-0 68 | 088
| substances in | ' 1:1ft&1' 6} | |
oatmeal | : weoks ! :
&0 Control 15 | 1165 | B0y asod 157 | 1240 61 |Slight ricket
| | |
807 i ierim | 13 ! 1325 | 3730 I BT8R0 16-3 | 107 70 Rickots

Figs. 85, 86, 87, 88, 89, and 90 are radiographs of these animals
taken after 123 weeks of the ex

perimental diets.

It will he seen

that the bones of 802 (Fig. 85), 803 (Fig. 86), and 806 (Fig. 89), are
normal, 807 (Fig. 90) shows some rickets, while 805 (Fig. 88) has
very bad rickets. Histological examination of the hones is in
g‘e{mr:[l ag['eulﬂent- with the 1‘&1&i[}gl‘ﬂp11i{: l'EElllt-E. 803 has l‘ﬂth&}.';
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more osteoid tissue than 802 and 806, but not so much as 807 and
805. [Figs. 91, 92, and 93 are photomicrographs of the costo-
chondral junction of B06 (control) (Fig. 91), 805 {saponifiable
oatmeal) (Fig. 92) and 807 (wheat germ) (Fig. 93). They show
clearly the amount of ecaleification in the bones of the different
animals as well as the disorganization of growth in 805 and 807.

As for the ealcium results, it is worthy of comment that the
amount of ealeium oxide in the femur shaft of 803 is lower and in
807 higher than would be expected from radiographic and histo-
logical examination.

he weight curves of this series of experiments are given in
Fig. 94. For about 50 days the experiment was satisfactory, and
the animals increased in weight at a similar pace. After this, how-
ever, 805 (saponifiable substances of natmeal) went off its food and
lost weight progressively till the end of the period. 803 (saponifi-
able substances of wheat germ) also ceased about this time to finish
off its ration, and its rate of inerease in weight became smaller than
that of the other animals of the series. In my experience this loss of
appetite in puppies whose diet includes the saponifiable substances,
more especially of oatmeal, is ecommon, but the explanation is not
known at present. Post-mortem examination did not reveal that
the oatmeal preparation was a gastro-intestinal irritant.

The outstanding result of this series of experiments is that the
substances in oatmeal which are saponifiable have produced severe
rickets (805). The unsaponifiable substances in oatmeal and germ
have certainly not had a rickets-producing effect (804 and 802),
and, in fact, there is some suggestion in the evidence that they have
had an anti-rachitic action. The animal eating commercial wheat
germ (40 per cent. of cereal) has developed fairly bad rickets
(807) as compared with the control animal (806) with only slight
rickets.

The addition of the fatty acids of wheat germ (803) did not have
the gross effeet on bone-formation such as appeared in 805 (saponi-
fiable substances of oatmeal), but the relatively low percentage of
caleium oxide present in the femur shaft indicates some interference
with the deposition of calciumn salts. It is necessary to remember,
however, that 803 only received on an average 2 to 3 gms. of
fatty acid from germ as compared with 5 gms. of these substances
from oatmeal added to the diet of 805. The addition of wheat
germ to the extent used in these experiments, 1. e. up to 40 per eent.
of the total cereal, has never intensified the rachitie condition of
pupPiea so severely as oatmeal (100 per cent. i_}l' mm;nl},_ 80 it is
possible that the interference with bone-caleifieation evident in 803
may be an indication that the fatty acid dervivatives from germ
eontain a small amount of the substance responsible for the action
of ¢ commercial wheat germ ',

The Action of Combined Saponifiable and Unsaponifiable
Substances in Outmeal and Wheat Germ.

In the previous experiments the action on calcification of the
saponifiableand unsaponifiable substances of ontmeal and eommercial
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wheat germ were tested separately. In the case of the oatmeal
products the saponifiable substances resulted in intensification of
the rachitic changes, whereas there was a slight indieation that the
unsaponifiable substances had an anti-rachitic effect. As regards
the latter point, the fact that the confrol animal was only slightly
vachitic at the end of the experiment did not allow any more
definite deduetion as to their action. In the following experiments
the saponifiable and unsaponifiable substances were :gdﬁ{}. together.
The oatmeal and wheat germ were boiled up with aleoholic soda ;
the mixtures were then acidified and extracted with petrol ether,
and the soluble portions used in the following experiments.

Ezperiments 847 and 848,

Age at beginning of experiment : 7 weeks.

General daily diet eaten by the puppies consisted of separated
milk powder 20 gms, meat 10 gms., yeast 5 gms., orange juice
3 c.ems,, sodium ehloride 1-3 gms., white flonr 50 to 90 gms.

847 ate this diet only.

848 received, in addition, the saponifiable and unsaponifiable sub-
stances present in an amount of ocatmeal equal to the white flour
eaten at any period. The total amount of catmeal product eaten b
848 varied, increasing as the amount of white flour eaten increased.
During most of the experimental period about 4-5 gms., representing
the amount of saponifiable and uns&puniﬁnbi substances in
50 to 70 gms. of oatmeal, was added to the diet of B48. .

It will be seen in the radiographs of 847 and 848 (Figs. 95 and
96), taken after 13 weeks of the experimental diet, that 848 had
developed rickets, but that 847 (control) had only slight rickets.
The saponifiable and unsaponifiable substances of oatmeal aetin
together had, therefore, exerted a rickets-producing effect, but this
appeared to be smaller than the effeet of the saponitinble substances
of oatmeal acting alone. Apparently either the unsaponifiable
substances had exerted an anti-rachitic action, and thereby neutral-
ized some of the vickets-producing etfect of the saponifiable
substances, or that part of the substanee responsible for the result
in Exp. 805 Fig. 88 was either not extracted or was destroyed at
some unknown stage in the preparation of the material used in
Exp.848. Which of these suggestions accounts for the above results
can only be decided by further experimental work. It might be ex-
peeted that the unsaponifiable substances in oatmeal would he anti-
rachitie, for there is no doubt but that grains such as oats contain
some fat-soluble vitamin, and it is generally recognized that this
vitamin or these vitamins are associated with the unsaponifiable
part of the fat.

These experiments dealing with the fat of cereals suggest that
some of the rickets-producing effect of oatmeal will ultimately he
traced to its fatty acid content. The product obtained by the
saponification method has a loathsome smell and is toxie to

animals, and this makes it difficult to carry through successfully

experiments made to test its effeet on bone-formation, In several
other series of experiments the animals taking it have hecome ill
and refused to eat their food after about a month of the diet, and

sovnsp simapmarlly e Mg g e . s
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this period is too short to allow elear deduetion as to the specifie
effect of the substance on hone-caleification.

The question arises as to whether the rickets-producing effect of
the saponifiable substances in ontmeal evident in Exp. 805 (Table 21)
is a general fatty acid action or whether it is due to the specific
fatty acids of oatmeal or to some substance associated with the
fatty acids,

Most of the feeding experiments with fatty acids do not suggest
that ordinary acids in general have a rickets-producing effect. For
instance, Lander and Fagan [42] fed pigs on diets containing the
fatty acids of coco-nut oil, and Burns and Sharpe 43] fed men on
diets containing the fatty acids of hardened whale oil, Their
results indieated that within limits fatty acids are dealt with in a
similar way to fats themselves, and did not lead to the belief that
the addition to the diet of small quantities of ordinary fatty acid
either deprives the animal of much ealeinm or is responsible for the
chronie ill health and rickets such as appears to be hrought about
by the fatty acids of oatmeal. On the other hand, it is possible
that fatty acids as such might have a noxious influence under the
specific experimental conditions of this investigation, and more
especially when the intake of fat-soluble vitamin s very small. If
this is not the case there remains the possibility that the oatmeal
fatty acids contain some specific rickets-producing member.

It may be asked whether there was any evidence in these
experiments of the toxie factor in wheat which, according to Hart,
Miller, and MeCollum [41], produces malnutrition and degenerative
changes in the nerves of pigs. The effects of the experimental diets
are often so widespread, and include so many abnormalities in
different organs of the body, that it is difficult to say definitely that
wheat germ had any specific action in producing symptoms. In
particular, most cases of severe rickets become weak and often
Eumlysed, especially in the hind legs. In some experiments,

owever, it seemed that commereial wheat germ had a peculiar
effect of its own. For instance, both in 803 (saponifiable sub-
stances of wheat germ) and 807 (wheat germ) the animals
developed a peculiar nervous condition, the most obvious feature
of whiech was the inability to walk or run straight. The animals
- seemed to lose their sense of balance and their heads moved
~ from side to side when they attempted to walk, and finally they
fell over. At a later period they were unable to stand, partly
because of their loss of balance and partly because of muscular
weakness. These conditions were not obviously related to the
~development of rickets beeause, as explained above, 803 was
practically free from rickets and yet was the more affected of the
two dogs. The other animals of this litter, even 803 (saponifiable
- substances oatmeal), which developed severe rickets, did not show
~any of the symptoms of unbalance seen in the germ-eating dogs.
~although 805 developed great muscular weakness, In five other
cases where germ or ether or acetone extract of germ has been in-
cluded in the diet of puppies notes were made to the effect that the
‘animals show lack of balancing power. There are several cases,
‘however, where there was no such development under these or
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closely allied dietetic eonditions. Evidence for the presence of
a constituent of germ partially removed lz{v ether extraction, and
capable of acting on the nervous system an especially of bringing
about loss of balance, is fairly strong in these experiments, but is
not conelusive. If this substance is also present in other cereals,
:t must be in smaller amounts than in wheat germ. On the other
hand, the substance in oatmeal which interferes so strongly with
hone-ealeifieation is present in smaller amounts in wheat germ.
It would be interesting if it should prove that the different effects
of toxie action produced by oatmeal and wheat germ, when fnrming
large parts of diets deficient in anti-rachitie vitamin, should depen
on different substances both of which are associated with the fatty
aeid fraction.

The rickets-producing effect of cereals has now been considered
from different points of view, and, although the experimental
evidenee deseribed above is of a preliminary nature, it suggests that
two factors, at least, are responsible for the effect. One o these is
the part of the grain which allows increased growth. The second is
probably some chemical constituent which interferes with the
ealcifieation of the growing bone.

As regards the first of these, although to the earbohydrate content
of cereals must be apportioned some part of the responsibility for
erowth, the protein present in them must also be considered as of
importance in this connexion. If cereals contained some factors
which hastened ealeification processes in bone, in addition to those
substances which are incorporated in the growing organism, normal
bone tissue might still be laid down under their influence.
Unfortunately, not only do they not appear to contain a substance
of this nature of any poteney, but, in the one cereal more closely
examined, namely oatmeal, there is evidence of a chemieal body
which actively interferes with the mechanism for laying down
caleium salts in the bones. A substance with this property may
also be present in wheat germ and in other cereals, but the
evidence of this is at present smaller, and in any case its activity
is much less apparent in the amounts used than that of the same
tactor in oatme

It is too early to speculate either as to the chemical composition
of the active substance or as to its mode of action. Even if the
results deseribed above showing the interfering effect of the fatty
acid content of oatmeal on bone-calcification should prove to he
specifie and not simply due to their fatty acid constituents as such,
they do not appear to account for the whole oatmeal action. On
the other hand, some part of the fatty acid influence may have dis-
appeared as the result of the drastic chemical treatment which was:
used in their preparation. As regards the mode of action of the
substance, its influence is so diametrieally opposed to that of the
anti-rachitic vitamin that the possibility of it being an anti-vitamin =
suggests itself. This, however, is pure speculation. Not only does
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it, interfere with the laying down of calcium in bones and , a8
shown by M. Mellanby [44 (a)], in teeth, and thereby act in opposi-

tion to the anti-rachitic vitamin, but just as the vitamin and
ultra-violet radiation assist each other, and are to some extent
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interchangeable, so are the cereal influence and the radiations
opposed in their action. The same kind of antaronism seems to
extend to other organs, and more especially to the formation and
activity of the voluntary musele (Clifford, Surie and 15, Mellanby,
Communication to Physiologieal Soeiety 1923, Nov,).

It would be interesting ifg it should prove that there is a specifie
substance interfering with calcification related in some way to the
fatty content of oatmeal, especially in view of the fact that the anti-
rachitic factor is classed as a fat-soluble vitawmin, However, it has
been pointed out above that, unlike fat-soluble vitamin, which is
said to Le associated more closely with the unsaponifiable fraetion,
the rickets-producing substance in oatweal is absent from this
fraction.

It is clear that just as the subject of nutrition has had to be
revised in the light of recent work on vitamins, so also the study of
the action of cereals deseribed above, bringing evidence of another
substance and possibly a elass of substances, hitherto unknown,
which play an important part in the animal economy, must also
receive due consideration in nutritional problems. It would
appear that even the simplest problems of nutrition are far more
complicated than has been previously imagined. For instance, the
question of mineral salt balance has generall ¥ been considered as
a self-contained subject. But even in the case of caleium it is now
evident that caleinm metabolism is controlled apart from salt balanece,
by a series of dietetie factors including, among others, the anti-
rachitic vitamin, and the substance in oatmeal and probably other
cereals. In addition, the enviromment also influences the same meta.
bolic process by means of the ultra-violet radiations to which the
organism and, in some cases, the foodstuff is exposed. It would
appear useless to attempt to explain the deposition of calcinm phos-

te in bone in terms of mineral salt metabolism until more is
Ennwn about the dietetic and environmental factors which control
so powerfully the distribution of these elements and the changes
unc{ﬁ- ne by them in the body.

Evidence is aceumulating which suggests that the subject of toxie
products in cereals may be one of great importance. In the light of
this work demonstrating the interfering action of cereals on hone-
~ caleification, and the experiments in which beri-beri-like symptoms
- were produced by Hart, Miller, and McCollum [41] in pigs by feed-

ing with whole grain, it appears not improbable that the symptoms

and signs of pellagra found among maize-eating populations may
be due, partly at least, to some toxic agent in the maize. It is
- possible that this aspeet of nutrition way be developed and its
- importance emphasized when further attention is given to it. It is
an interesting fact that toxic conditions which can e produced or
are associated with different cereals only become evident under
certain conditions, and that other dietetic factors when eaten in
- sufficient amounts are able to antagonize and prevent the detri-
- mental results. The recognition of ‘ deficiency diseases’ and their
- prevention in some cases )E}-' vitamins was responsible for the intro-
- duction into dietetic phraseology of the words * protective foodstutfs ",
- Foodstuffs rich in anti-rachitic vitamin are certainly ‘ protective ’ in

|
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that they improve the general nutrition and prevent the develop-
ment of certain pathologieal conditions, but the evidence given
above demonstrates that one important and unsuspected way in
which they protect is by preventing the foxic action of certain
constituents of other foodstutis.

VII. SUMMARY OF RESULTS.

In this report, which is a continuation of the investigation pub-
lished in No. 61 of the Special Report Series (Medical Research
Couneil), T have deseribed experiments made with the object of
developing another aspect of the problem of rickets, Evidence
has been given which shows that some cereals and eereal produets
have a powerful interfering influence on bone-calcifieation, varyin
with the amount and type of cereal eaten and with the genera
make-up of the diet.

When the diet is deficient in anti-rachitie vitamin, inereasing
the amount of cereal brings about worse-formed bones if other
factors of diet and environment remain constant. Qualitative
differences between the effects of the different cereals are also great.
Among those substances tested oatmeal has pre-eminently the worst
influence on bone-formation, and after that come maize and barley,
vice, and wheaten flour, the last having the least detrimental effect.
There is but little difference between the rickets-producing eftect
of rice and flour. The germ of wheaten tlour, when added" to the
diet in sufficient quantities, also interferes with bone-calcification.

The action of ecreals on bone-calcification is antagonized to
varying degrees by foodstuffs containing the anti-rachitic vitamin.
As might be expected, cod-liver oil is much the most effective sub-
stance in this respect, and is capable, even in small quantities, of pre-
venting the cereal action. Whole milk, in fairly large quantities,
and ege yolk are also potent antagonists to the cereal effect, but
butter is of comparatively small value unless it is accompanied by
a fairly high calcium intake. Both calcium carbonate and calcium
phosphate work well in conjunction with the vitamin of butter-
fat. The anti-vachitic effect of separated milk, either when
working in conjunction with butter-fat or in an independent
way, is more potent than ean be acecounted for by its calcium
content alone.

Even when the diet is greatly deficient in anti-rachitic vitamin,
increasing its ealcium content, either by adding ealeium carbonate,
caleimmn phosphate, or ealeinm acid phosphate, hinders to some
extent the development of rickets. Under these cirenmstances
caleinm earbonate is more effective than caleium phosphate.

Evidence is also given to show that the detrimental effects of
cereals, which become prominent in diets deficient in anti-rachitic
vitamin, can often be antagonized to some extent either by exposing
the animal cating them to some source of ultra-violet radiations or
by exposing the cereal itself to the same radiations.

As regards the method whereby cercals bring about this rickets-
producing effect two ditferent kinds of action appear to be at work.
In the first place that part of the cereal which is actually in-
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corporated in the growing organism and leads to its growth is
probably partially responsible, In this way the earbohydrate and
the protein would be involved. In the second place there is present
in the one cereal tested, namely oatmeal, a chemical grouping which,
atter digestion and absorption of the grain, is eapable of interfering
with bone-caleification.  After many attempts had been made to
explain this action in terms of known constituents of cereals and to
find out the nature of the cansative agent or agents, some evidenee
has finally been obtained which suggests that a substance in oatmeal
which interferes with the laying down of ecaleium in bones is
associated with the fatty acids.” This substance can be obtained by
saponification of oatmeal with soda and extracting the acidified
mixture with petrol ether,

Further work is necessary to establish the nature and properties
of this cereal constituent and also to determine its mode of action,
In the meantime evidence of the presence of such a substance
helps towards the solution of a difficult problem, namely, that
oatmeal, which contains more caleium and more phosphorus than
other cereals tested, should, in the absence of sufficient anti-rachitic
vitamin, result in the deposition of the smallest amount of these
elements in growing bones. White flour contains much Jess cal.
eium and phosphorus than oatmeal, but results in better bone-forma.
tion, when the anti-rachitic vitamin intake is deficient, beeaunse it
contains much less of the substance or substances interfering with
ossifieation,

Since the anti-rachitic vitamin supplies in the food and exposure
of the animal or of the food eaten to ultra-violet radiations tend
to conserve ingested calcium and phosphorus for the use of the LZrow-
ing organism, and since the cereals work in the opposite direction, it
is evident that the amount of caleium and plmsFImrus in the food
is of but secondary importance in the control of the deposition of
these elements in growing bone, although, of course, there must be
a sufficiency of these salts for the formation of perfect bones. In
view of the evidence of interaction and balance among food eonsti-
tuents provided by this investigation, the value of the expression
‘optimum calcium content of a diet’ so commonly used in dietetie
descriptions and discussions nowadays must be doubted. The opti-
mum varies every time the other elements of the diet are changed.

There are one or two practical points of dieteties which arise out
of these experimental results. The challenge, for instance, imme-
diately may be made, if oatmeal is so detrimental to bone-formation,
how is it that fine races of men have been reared on diets of which
this cereal forms a large part? If these results apply to man, as
they almost certainly do in the case of the teeth and probably
therefore, as regards other tissues (M. Mellanby, 44 5), then it is
highly probable that the diet of these people also ineluded much
of foods rich in anti-rachitic vitamin, as, for example, milk, egos,
fish of the fatty variety, including herring, salmon, mackerel, &e.
In tropical countries where cereals such as rice, maize, millet, form
a large part of the diet, the sunlight is no doubt also an important
factor in antagonizing their detrimental influence. Whether these
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answers are entirely satisfactory or not only further investigation
can determine, but the present work does show that perfect bone- 3
formation can be obtained even when large quantities of oatmeal =
are eaten if the rest of the diet be adequate. On the other hand =
the worst eases of malnutrition seen in human beings can be easil
reproduced in animals by feeding them on foodstuffs which bull
largely in the national dietary along the lines deseribed in this
investigation. Apart from extreme malnutrition, however, it would
appear not improbable that in this country, where the average diet
is either deficient in or contains a border-line quantity of anti-
rachitic vitamin and caleium, and where sunshine is negligible,
the ingestion of catmeal during pregnancy and lactation of women.
and in growing children, does much harm.

A second challenge centres round the controversy of whole meal
bread and the nutritive properties of wheat embryo. A discussion of
this question cannot be ineluded here, for it would necessitate the
study not only of the protein and vitamin eontent of wheat embryo,
including vitamins A and B and the newly-discovered vitamin con-
cerned with fertility and said by Evans and Bishop [47] to be
abundant in this part of the grain, but also of the toxic product or
products present i it. It may be well, however, to point out that
in the experiments described above, where evidence of the rickets-
producing action of wheat germ was given, as much as 20 to 40 per
cent. of the cereal eaten was in the form of ‘ commercial wheat
verm’ and that the diets were deficient in anti-rachitic vitamin.
Some of this product was bran, but, even so, the amount of germ
eaten by the animals must have been much higher than 1-5 per
cent. present in whole wheat. From the point of view of rickets
and its allied problems the question of whole meal versus white
bread is probably of but little practical importance. On the other
hand the feeding of animals with lﬂrgmuantities of cereal offal,
including germ, certainly ean and does lead to detrimental results,
whieh ean, however, be easily avoided by adding other foodstuffs of
the right nature. To those who ascribe special virtues to various
orains because of their ecalcium and phosphorus content, the
experimental results above deseribed ought to bring a special
message of eantion.

Miss Dorothea Selby, B.Se,, and Miss Ella Surie, B.Se., have had
control of the actual feeding experiments at different times, I wish
to express my indebtedness to both of them for carrying out what
is a most exacting labour.

The Field Laboratory, where the foregoing experimental work
was done, was specially erected by the University of Sheffield for
this purpose. The expenses of this investigation, as of the earlier
work carried ont by me on rickets, were provided by the Medical
Eﬁgarﬂh Council. I wish to express my thanks to ﬂoth of th

ies.
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Fras, 1 and 2, Radiographs after 9 weeks of djet,

Fie. 1. Exp. 502, ~ Diet included Fig. 2. Exp. 509, Diet included
X grms. of oatmenl, 2 x grms. of oatmeal.
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Fig, &. Weight curves of 502 and 508 500 grew more rapidly in
the earlier weeks but hegan to lose weizht after 12 weeks of diet m.'u.-ln;_r
Lo severe rickets and consequent loss of appetite. :




(Fig. 5. After 12 weeks.)

Badiographs alter 14 weeks of diet.

Fres. 4, 6, and 7.

Fra. 4. Exp. 418, White flour. Fie. 5. Exp. 419. Riece (unpolished).

TR el e

Fie. 7. Exp. 422, Whole meal flour

Fia. 6. Exp. 421. Oatmeal.
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Fia, 8, Weight eurves of 418, 419, 421, and 422,



Fies, 9-14. Radiographs taken after 12 weeks of diet.

Fic. 9. Exp. 460. White Hour. Fia. 10. Exp. 461. Whaole meal flowr.

Fic. 11, Exp. 462. Oatmenl. Fia. 12. Exp. 463 Barley.



Fic. 13, Exp. 464. Riee polislied) Fia. 14, Exp. 465, Rice [polished ).
+ 20 per cent, fcommercial wheat germ ",
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Fra, 15. Weight curves of 460, 461, 462, 462, 464, and 465, The
falling out of line of 462 tontmeal) after 12 wesks of diet is doe to the
development of severe rickets and conseguent loss of appetite,



Fias, 16-19. Photographs taken after 15 weeks of diet.

Fiz. 16. Exp. 460. White four.

Fic. 17. Exp. 462, Oatmeal.



Fia. 158. Exp. 464.

Rice (polished) + 20 per cent. ‘commercial wheat germ '

Fig. 19. Exp. 465. Rice (poelished),



Fias, 20, 21, 22 and 23. Radiographs taken after 17 weeks of dief.

Fia. 20. Exp. 558%. Rice. Fie, 21. Exp. 500, Oatmeal.

Fire, 22, Exp. 591, White flour. Fre. 23, Exp. 502, White flour and
20 per eent. ‘ commereial wheat germ's
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Fie. 2. Weight curves of 580, 590, 501, and 592, Again the oatmeal dog (990) has
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Fies. 25 and 26. Radiographs taken after 14 weeks of diet.

Fra, 25. Exp, 824. White flour. Fia. 26. Exp. 825. White flour 40 per
wenk, of which was replaced hy
- commercial wheat germ”.
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Fig. 26 (a), Weight curves of Exp. 824 and 525.




Fras, 27-82. Radiographs taken after 9 wecks of diet. 742 F1e. 27 only received 3 c.c.
cod-liver oil and 7 e.e. olive oil daily, Others received 10 e.c. olive oil.

Fic. 27. Exp. 742. Oatmeal and cod-
liver oil {3 e.c.)

Fie. 20. Exp, 744. Crushed groats, Fie. 30. Exp. 745, Rye.




a).  Photograph of 742 after 18 weeks of diet.
Oatimenl and 3 coems. eod-liver oil,

Al _I_"I::||1i.||-_u'|'_'|E|]1 of 746 after 13 weeks of dict.
Oatmeal and olive oil,



Fra, 31. Exp, 746. Oatmeal.

Fia. 32. Exp. 747.

Crushed Whole Oats,
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Fro. 38. Weight curves of 742, 743, T44, 745, 746, and T47.
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Fro=, 47-50, Radiographs of 745, 749, iol), and 751 taken after 10 weoks of dict.

Cereal in all enses oatmeal,

Fro. 47. Exp. 748. Butter and Fia. 48. Exp. 749. PButter and
ealeinm carbonate, ealeium phosphate.

i

Fi. 49 Exp. 751, Olive oil. Fre. 50. Exp. 752, Butter.
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Fras T4-79, Photomiercgraplis of costo-chondr:l Junctions of 712, TI3, 714,
V15, T16, T17 (Magnification = 6,

Fra. V. J":."d]l. 13, 2 x Zrm, cabtmeanl {(=ee also Fia. l;,‘,:_



Fig, 76. Exp. 714. % grm, colmenl and ulien-violet radiations. Although rchitic
Lone shows great improvement as compared with Fro. 74 (control J.
See also Mia, 66

Fie. 77. Exp. 715. 2 x grm. oatmeal and ealcium carbonate.
See also Fres, 67, 70, and 72



Y

o M, L
v

Fic. 78, Exp. 716. 2 x grm. oatmeal and eod-liver oil (=ee also Fies, 68, 71, and 73
e i ol v - T
I'he most normal junction of the series,

Fi6. 39, Exp. 717. 2 x grm. oatmeal and ultra-violet radiations (see also Fic, G,
Is not much better than 718 (Control) Fie. 75 in spite of radiations.



Fics, 51 to 81, Photomiersgraphs (maenification 400 of the costo-chondral
Junetions of 492 494, 495, and 496, Stained by silver nitrate method without
deealeifiention and connterstained haematoxylin and cosin. The black stain
imdieates caleinm salts 1:I'EI'I!‘ilI'II in the ;‘:r-ﬂ.'.'ing Toinmnie.

Fio, 81. Exp. 492, Linseed oil and minimuom caleinm. Rickets and ostao-
porosizs, but attempt at healing visible owing te cessation of growth in last five
weeks of l-:\:]rn-rin].-:“_l,

Fu. 82, Exp, 494, Linsced oil and ealeinm acid phosphate. Rickels,



Fia. 83. Exp. 495. Cod-liver ofl and minimum ealcium. Fairly
good caleifieation at growing edge but very little
caleium in I]-'{-Ill.']' trabecnlae.

Fra. 81. Exp. 496, Cod-liver oil and ealeium acid phosphate,
Good ealeification.
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Fres, 91 bo 98, Photomicrographs maznification 409 of the costo-chondral Junetions
of 806G, 505, and S07.

Bones were nobt deealeified. Stained with silver nitrate and eosin.
Biack indieates caleinm.

Fic. 91. Exp, 806. Control (white flour). See alse Fio. 89,
Slightly abnormal ealeification and growth.

Fie. 92. Exp. 805. Saponifiable substances from oatmeal. See also Fio. 88,
Cessation of caleification and great 1.|-1."]'.'t|]:._:l:1l:|-.'t]l at j'l.lll'ifti'-:lilt-



Fic. 93, Exp. 807. 60 per cent. white flour and 40 per cent. *eommercial
wheat germ ',  Seo also Fra, 90, Derangement of growth at junetion.
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Fig. 94. Weight eurves of 302, 808, 304, 805. 806, and S07. Note the
falling off in weight of 805 after 7 weeks of dict owing to development of
sovare rickets,

e



Fias, 95 and 96, Radiographs taken after 13 weeks of diet.

Fra. 05, Exp. 847, Fra. 96, Exp. 848,
Control (white tlowr) The saponifiable and unsaponifiahlo
s bstances from oatimeal,
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