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DAMAGE TO BOOKS 

Readers are reminded that 
under the provisions of the 
Canadian Criminal Code any 
wilful damage to property 
constitutes a criminal offence 
for which severe penalties can 
be inflicted. 

Minor damages render the 
offender liable to a fine of 
$2.0.00, and he is also bound to 

compensate the owner up to a 
limit of $2.0.00. Refusal to pay 
these sums is punished with 
imprisonment up to two months 
(Sections 539-540). 

More serious damage can be 
visited with a term of imprison­
ment up to two years (Section 
510-E). 
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I. IN'l,RODUCTION. 

INVESTIGA'l'IOXS carried 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 esRential constituents. This need of balance of foodstuffs 
depends upon the interaction of different dietetic factors, which iR 
of such a nature that alteration in the amount of one often nece~si­
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 bone calcifica­
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 physiological process whose outcome 
was the deposition of calcium phosphate in growing bone would be 
relatively simple, and would be influenced to a large extent, or even 
solely, by the amounts of calcium and phosphorus in the diet. In 
previous publications [l a , b, c, d], however, I have shown that thi 
is not the case, but that, among other dietetic factors which in­
fluence the process, a calcifying vitamin, the anti-rachitic factor, 
plays a prominent part, and this has been amply confirmed by 
others. (Korenchevsky [23 a], McCollum, Simmonds, Shipley and 
Park [ 4 c.]) Another important food constituent influencing bone 
calcification, but in an opposite sense to the anti-rachitic vitamin, is 
found in cereal. (E. l\1ellanby, (1 d, e. f, g.]) 

Cereals have long formed the major part of the diet of man. 
From a physiological standpoint they have been considered almost 
entirely as sources of energy, of carbohydrate and of protein, and 
on this basis their dietetic value has been appraised. It 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 rice centres round the vitamin B 
content of these foods. These observations have not, however, 
led to the belief that there are important differences in food 
value among the natural cereals themselves, except such as can be 
explained in terms of their known physiological constituents. The 
experimental work described here demonstrates that various 
common cereab 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 clinicians, among 
whom may be mentioned Cheadle [2], have taught that carbohydrate 
and carbohydrate-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 :-nveetened condensed 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 scientific basis or to determine the relative importance of 
the different forms of carbohydrate or of carbohydrate-containing 
foods as causative agencies in rickets. 
. In earlier publications on experimental rickets in puppies 
(E.Mellanby, [1 c, d]) I showed that, under certain dietetic conditions, 
the intensity of the disease which developed was related to the 
amount of bread eaten. On diets the principal defect of which 
was a deficiency of anti-rachitic vitamin the rickets was most 
strongly 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 increased bread con-
8umption necessitated a greater intensity of calcification to keep pace 
with the development. If there was no corresponding increase of 
those factors concerned with calcification, more severe rickets would 
develop. As an explanation of the experimental results I accepted 
the view widely held that the starch in the bread was responsible 
for the rickets-producing action. I 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 
outcome can be attained. In one fairly satisfactory series of three 
puppies, where the experiment was carried on for an adequate 
period, the influence of the extra glucose ingested was not great, so 
far as defect in endochondral ossification of the bone was concerned, 
hut became more obvious when comparison of the calcium present 
in the bones of the respective animals was made. For instance, the 
femur shaft of the puppy on the control diet without extra carbo­
hydrate contained 14 per cent. of calcium oxide, while that of the 
puppy which ha1l eaten an extra 50-90 gms. of glucose daily only 
eontainecl 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
rachitic 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 
carbohydrate moiety, and suggested that ' bread may contain other 
offending constituents' [1 d]. 

In the same publication it was uggested, although the point had 
not been tested by experiment, that other cereals would be expected 
to behave in a similar way to bread, and that increasing the ttmount 
of oatmeal and rice in the diet would, under the conditions de­
scribed, also intensify the rachitic condition produced. A further 
suggestjon was made that cereals would prO\-e to (liffer 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 l)e as potent as 

polished rice. These suggestions were based on the view that 

a cereal like oatmeal, which contains much more calcium and 

phosphorus than wheaten flour, would either assist in the deposition 

of these elements in growing bone or, at least, 'vould have a slighter 

interfering action. From this standpoint the suggestion not only 

seemed reasonable, but it might be further claimed to have the 

general support of those interested in dietetics. However, the 

results of experiments described 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 e J and 

the discussion on the aetiology of rickets at the Glasgow meeting of 

the British Medical Association in the same year (1 fJ. 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 calci­

fication of bone and the proper functioning of other tissues. This 

problem has proved more difficult than I 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 because 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 calcium 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. 
I shall first give an account of experiments which demonstrate 

the relative rickets-producing 1 effect of different cereals, and then 

describe some attempts made to discover the cause of these differ­

ences. Evidence will also be given which shmn; that the rickets­

producing effect of cereals 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, ''Thereas in other cases the antagonism is not 

so complete. It will Le seen that there is a constant battle going 

on among dietetic elements as regards the calcification of bone, some 

substances stimulating and others preYenting the process, and the 

ultimate structure of the bone is the outcome of the conflict. 

1 The term 'rickets-prot1u<:ing' is used throughout thi:s pulJlication in a general 

sense and does not necessarily imply the presence of an actiYe and specific agent. 
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The present investigations seem to show that it is use­
les to attempt to explain problems connected with calcium and 
phosphorus metabolism in terms of mineral salts alone. More 
light will only ue thrown on the subject when a clearer view of all 
the force 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. T1le conditions were more uniform than 
those at Ca1nbridge, 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 generally olive oil when the effect of cereals was being tested. 
In most of the experiments described below the cereal of the diet 
has been the special object of investigation, and has therefore been 
the chief variable. rrhese diets are not composed 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 of 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 a/nUYumt 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, and the development of rachitic symptoms, both as regards 
rate of onset and intensity, can be fairly well controlled by altera­
tions in their composition. 

These <.1ualities, and the additional ones of relative cheapness and 
ease of preparation, far outweigh the defect of being more obscure 
in their composition than are some of the diets used in the rat 
work. Further, no one can inYestigate 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 fact, 
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 publication attention has been fixed on the bones, but of 
course it is needless t6 add that, as in the human disease, many 
other organs are influenced as the result of the dietetic changes. 
Some of these dealing with muscle haYe already been described to 
the Physiological Society by Clifford, uric, and myself, and will be 
published separately. 

The methods used for determining the bone changes included, a 
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before: during life, (1) general appearance and activity, (2) radio­
graphic examination ; and after death, (3) histological examination 
and ( 4) the estimation of the calcium 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 publication, 
but one or two points as regards the correlation of the different 
results might well be mentioned. \Vhen an animal continues to eat 
its diet completely to the end of the experiment, the various records 
obtained by radiographic, microscopic, and chemical examination, 
as well as the general behaviour and appearance of t,he 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. \Vhen this happens, since 
each animal compares with the others of the series, an attempt is 
made to keep the animals comparable by reducing 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 continued, 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
gress of the disease and even some recovery in the rachitic changes 
may follow, so that at the end of the experiment radiographic 
and histological appearance and chemical composition of the bones 
suggest a condition better than was present several weeks before, 
as indicated by X-ray examination and general behaviour. Other 
dogs in the same series m~:ty have continued to eat their diets ttnd, if 
these are rickets-producing, will have got steadily worse to the 
end. Thus the end result will not always necessarily record the 
real 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 difficulty, 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
tnin. Reference to the weight curves will show that, again and 
again, the animals whose diet contains 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 3). 'rhe 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 discrimination. Thus, in 
order to overcome some part of the difficulty, I have tried in most 
cases to place side by side the radiographs of animals of a series 
taken before t.he 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 calcium content of the 
b?nes at the death of the sa:me animal may not suggest such severe 
nckets because of the heahng 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 the radiographs 
used as illustrations were taken. The "·rist joints of all experi­
mental animals are usually radiographed at intervals of a few 
weeks. This mode of examination haB the merit of afforcling 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 \Yhat at first sight may 
seem to be but slightly abnormal radiographic appearance. I have 
therefore included in the illustrations a few photographf) of dogs, 
which allow the comparison between the general appearance of the 
animal and its radiograph to be made. 

The interpretation of the calcium content of the Lone:::; al o 
presents difficulties at times. \Vhen comparison is being made 
between the effect of diets containing abundant anti-rachitic Yitamin 
with those containing little, the uifference between the ca,lcium in 
the bones in the two cases is so great as to overshadow minor in­
fluences. When, however, the action of different cereals is being 
compared, the diets are also deficient in the calcifying vitamin. so 
that the calcium content of the bones is generally low, and differ­
ences are relatively smaller. In . uch circumstances extraneous in­
fluences become more prominent, so that, for instance, a period of 
ill health involving loss of appetite, l>efore the end of the experi­
mental period, may alter the percentage of calcium in the bone so 
as 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 calcrum oxide in the dried 
bone. Loss of appetite an<l loss of weight in puppies are often 
accompanied, as I have previously pointe<l out, by disappearance of 
fat from the bone marrow, and its place is taken by the fluids 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 
healthier animal the fat remains after drying, and the difference 
between the weights of the dry an<.l fresh bone is less. Thus, in the 
case of an animal which has stopped eating its food the percentage 
of calcium oxide in terms of the weight of the fresh Lone may be 
low, but of the dried bone comparatively high. Ill health find loss 
of appetite in these experiments are usually the outcome of potent 
rickets-producing diets, so that a somewhat high percentage of 
calcium oxide in terms of clrie<l bone is disconcerting, but, in view 
of this explanation, of no great ignificance. In or< ler to assist in 
the interpretation of the calcium results I have given the total 
amount of calcium oxide in the femur shaft as \'{ell as its percentage 
weight. It will be noticed that this figure is low in ba<.l cases of 
rickets and higher in more normal a.nimals. 

The fact is that when big difference., prOtluced 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 
difficlllty in deciding that oatmeal. llnder the circumstances 
described, has a much greater rickets-producing influence than 
white flour. \Vhen smaller differences have to be observed. all the 
results 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 run, are also of great 
importance to the observer, but these indications are more difficult 
to record and describe with accuracy. 

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

Ill. INFLUENCE OF CEREALS ON RICKETS. 

(A) THE RELA'i'ION OF THE lNTE~SITY OF THE DISEASE TO 

'rHE A)IOUNT oF CEHEAI~ EATEN. 

The following experiments, typical of a number carried 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 
l. d), so also an increase in the amount of another cereal, in this 
case oatmeal, intensifies the bone defects. 

Influence of increasing Ocdrrneal in a Diet cleficient in 
A nti-tachitic Vitamin. 

Age at beginning of experiment : 7 weeks. 
General diet consisted of separate<l milk powder 15 gms., meat 

10 gms., linseed oil 10 c.cms., 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. , , ,, , ,, 
These animals lived out of doors during the day time throughout 

the experimental period. 

T.\llLE 1. 
-- -

Weight. CctO in .Fem,ur Shc~tt. 
\ Duration 

No.uf t Diet. of Expt. Initial. Final. Max. Percentage. I Amount. Hisio
7
ogy. 

Expt. 

502 

50!) 

Varioble. 
Weeks. gms. 

Up to 60 18 1080 

I gms. 
Oatmeal 
Up to 120 18 1255 

gm~. 

Oatmeal 

gms. gms. 

3280 

2970 3-!50 I after 13 
weeks 

Dru. \ Fresh. gms. 

~~~~--::7~:- Rickets 
I 

7.6 0.35 Bad rickets 

The radiographs taken after 9 weeks of the diets (Figs. 1 and 2), the 
calcium contents of the bones, 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 continued to grow until the end 
of the experiment. As explainerl above, this is a common ex­
perience in feeding experiments when oatmeal is the cereal eaten, 
especially if in large quantiti0s, and the diet is also deficient in anti-
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rachitic vitamin. Under these circumstances 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 
intensity of the disease may not l>e so prominent as at an early 
stage. 

Further examples showing the effect of increasing 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, 7 4, 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 
oatmeal or white flour, intensifies the severity and increases the 
rate of onset of rickets. 

(B) THE VARIATIO:~ IN THE RICI\E'l'S-PRODUUING EI!'FECT 
OF Din'ERENT CEREALS. 

Experiments ·will now be descrilJed which demonstrate the rela­
tiYe rickets-producing effect of equal amounts of different cereals. 

Cu1nparison uetv·eei/J White Flo~~l', Whole Llfeal FloH?', Ootmeal, 
an cl Unpolishecl Rite. 

ExJle?'in~ents 418, 419, 421, ancl 422. 
Age at beginning of experiment: 8 weeks. 
The general daily diet eaten by all consisted of separated milk 

powder 20 gms., meat 10 gms., olive oil, 10 c.cms, lemon juice 
5 c.cms., yeast 5 gms., and sodium chloride 1 to 3 gms. 

In addition 418 received 30-150 gm·. white flour 
, 419 :' unpolished rice 
,, 421 , oatmeal 
,, 42:! , ., whole meal ±lour. 

The cerealH were cooked in separate compartments of the same 
teamer. 

TABLE 2. 

Duration Wt:igltt. CaO in Ftmur Shaft. 
Nu. of Ditf . 

of Expt. 
I 

llistology. Expt. Variable. Initial. Fi11al. Jiux. Percentagl', Amount. 
I 

~~ Whito fionr 

I lVeeks. I [jllli>. gms. [f1HS. Dry. F1·esh. f/111~. 

---

14~ J4.50 35 0 I 3580 ~:2·~ IJ.G Q.j'J Some 
rickebs 

419 Unpoli~hetl 1:! ' 1·110 3300 :3000 ~l·i' 12·5 0./1 Rickets 
rice 

421 Oatmeal lq 1l\80 1430 .JJ:W t:j.;~ /.3.) () . . i(i Very bad 
rickets 

t22 'Vholemeal }..j~ }:~:?0 -1250 1:250 HI·O 10.:2 0.()0 Bad ricket~ 
flour 

The radiographs of these animals, taken after 14 ·weeks of the 
diet (except 419, 12 weeks), can be seen in J:i'igs. 4, 5, 6, ancl 7. 
421 (oatmeal) has developed rickets most severely. Of the others 
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422 (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 flour, unpolished rice, and white flour, which has produced least 

rickets. 
The calcium content of the bones is also in agreement, the order 

being oatmeal (worst), whole meal flour, rice, and white flour. The 

general appearance and activity of these animals lead to the same 

conclusion. 421 (oatmeal) was the most rachitic 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 before the 

others because the puppy was suspected of having developed 

distemper. Up to within 2 or 3 days of its death this animal was 

quite well and continued 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 between 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 carried out in 1921 at Cambridge. It will be noticed, also, 

from the weight curves of this series (Fig. 8) that 422 (whole 

meal flour) increased 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 came out: 

(1) Oatmeal (much the worst). 
(2) Whole meal flour. 
(3) Rice. 
(4) White flour. 

Whereas oatmeal was much worse than whole meal there was 

not a great difference between the other three cereals. 

Omnpa1·ison between White TVheaten Flou1-, lVhole 11leal Flour, 

Oatmeal, Ba'rley, Polished Rice ancl 'Omnnte1'Ciai Genrt' and 
Polished Rice. 

Experirrnents 460, 461, 462, 463, 464, a,nd 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.cms., meat 20 gms., yeast 

10 gms., sodium chloride 1 to 4 gms., orange juice 5 c.cms. 

In addition 460 received 30-160 gms. white flour 
,, 461 ,, , whole meal flour 

462 , ,, oatmeal 
463 :' barley 
4·6 4< , , polished rice and 20 per 

" cent 'commercial wheat 
' germ 

465 ,, polished rice. 
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'l'he amount of cereal given to the puppies throughout the ex­
perimental period was kept equal except in the case of 464 (rice+ 
commercial germ). In this case the amount of rice eaten was the 
1::iame 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 
hran which, unfortunately, varied in amount in difterent speci­
mens t5upplied by the millers. In the case of 4·63 (barley) there 
was also a drawback which interfered with the strict 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. (8ee Fig. 15.) In all cases the cereals were cooked by 
steaming for the same length of time in the same apparatus. 

TABLE 3. 

Duration Weight. CaO in Femur Sltajt . Ko.oj Diet . 
E.rp t. Va riable. of Expt. I,Litictl. Final. Mct:r. Pe1·centage. Amount. Histology. 

TVeeks. gms. gms. gm::;. Dr!J. Fresh. gms. 
I 
I 

White flour I 
---

I 
I 

460 18 1400 4030 4050 19·0 10·9 0·55 Slight 
I rickeb 461 Whole meal 18 1420 4020 4020 18·0 10·2 0.()2 Slight flour 

rick et 46::? Oatmeal 18 1410 2920 3140 20·7 11·1 0·39 Very bad 
after 17 rickets 
weeks 

463 1 Barley 18 I 1290 3300 3300 20.4 12·1 0·45 Ye1T bad 
ricket-.. 4G4 Polished 1 1600 3740 3870 16.1 9.3 0.57 Very bad rice and 
ricket~ wheat germ 

4();) Polished 18 1450 3590 3690 21·4 13-2 0·74 Ricke t" rice 

The radiographs of these animals taken after 12~ weeks of the 
experimental period are to be seen in Figs. 9, 10, 11, 12, 13, and 
14. The order of severity of the bone changes is as follows :-462 
(oatmeal), Fig. 11, and 464 (rice and wheat germ), Fig. 13, worst, 
then come 4 J3 (barley), Fig. 12, 465 (polished rice), Fig. 14, 461 
(whole meal), Fig. 10, and 4c0 (white flour), Fig. 9, with the least 
rickets. At this stage of the experiment there is but little 
difference between 463 (barley), 4f15 (polished rice), 461 (whole 
meal), and 4·60 (white flour). According to later radiographs (not 
hown) 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 flour) 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 bad 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 calcium content of 

the bones, partly because the calcification of all the bones was poor, 
since the diets were deficient in anti-rachitic vitamin, and partly be­
cause, in the case of 462 (oatmeal), failure to eat its food com­
pletely each day in the later part of the experiment brought about 
a diminished rate of increasing weight, so that curative changes 
actually began in this animal, as can lJe 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. 12~ weeks, these animals 
gained in weight to the same extent except 463 (barley) which 
advanced a little more slowly for the reason given above and 464 
(rice+ germ), which put on weight rather more rapidly than the 
others because the wheat germ of its diet was additional to the 
amount of cereal eaten by the other dogs. \Vith 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 13 weeks 
of diet are also reproduced (Figs. 16, 17, 18 and 19). The rachitic 
appearance of 462 (oatmeal), Fig. 17, and of 464 (rice and wheat 
germ), Fig. 18, is in striking contrast to the more normal appear­
ance of 460 (white flour), Fig. 16, ilnd 465 (polished rice), Fig. 19. 
461 (whole meal flour) was also almost normal in appearance. 

The conclusion to be drawn from this series of experiments is 
that the rickets-producing effect of the different cereals is in the 
following order: oatmeal (most), barley, polished rice, whole meal, 

and white flour (least). 
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 thiR 
point will be described later. 

Corr~pcuison between Rice, Oat1neal, White Flout, arul lVheat GetiJ1. 

Age at beginning of experiment : 9i weeks. 
The general daily diet eaten by all included separated milk 

powder 15 gms., meat 20 gms., olive oil 10 c.cms ... yeast 5 gms., 
orange juice 3 c.cms., sodium chloride 2 gms. 

In addition 589 received 50-120 gms. rice. 
590 ,, ,, oatmeal 
591 , , white flour 

" 
592 received 40-100 gms. white flour and ~20 per cent. 

wheat germ. 
In this series, unlike the previous series of experiments (rable 3) 

and others not described, where the commercial wheat germ eaten 
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was ad<.litional to its cereal ration of rice, 592 received wheat germ 
as a substitute for 20 per cent. of the white flour of its diet. Thus 
when 591 ate lOO gms. of white flour, 592 got 80 gms. white flour 
and 20 gms. germ. rThese animals, therefore, received the same 
quantity of cereal daily. As in previously described experiment~, 
the cereals were cooked under the same conditions and for the 
same period. These animals were older (9~ 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. 

Ro. of 
E.lpt. 

589 

5!'!0 

5!)1 

i)\)2 

Diet. 
VaTiable. 

Rice 

Oatmt>al 

\Vhite flour 

·White flour 
and 

wheat germ 

-

Duration I Weight. 

oj.ExzJt. Initial. Final. I Mrt.r. 

1J eeks. ums. ums. I ums. 

17 ~0~0 5100 5100 

17 1550 ·WIO ·1070 

17 };)/0 40::?0 -1920 

17 2010 ;)]00 5100 

--' I 

CaO iil Femur ,C./I((jf. 

J>t;rcentage. Amouat. Histology. 

I Dry. Fresh. I ums. 

21.6 1 J·1 0· '9 Bad rickets 

1 !).:~ J].3 O.fil Vf·rr had 
ri~.:kds 

~1·() 14·~ 0.\19 Rickets 

22·/ 12·9 0·80 Bad rickets, 
uot so bad 
as 590 

The radiographs of these animals (Figs. 20, 21, 22, and 23), taken 
after 17 weeks of the diet, show that 590 (oatmeal), Fig. 21, 
developed the most severe rickets. There was no great difference 
in the intensity of the rachitic changes in the other animals of this 
series, but 592 (white flour aU<1 germ), Fig. 23, was slightly worse 
than 591 (white flour), Fig. 22. 

The histological and calcium results are in general agreement 
with the radiographic evidence. According to the microscopic 
structure 590 (oatmeal) has much the worst rickets, while 591 
(white flour) has the least. 589 (rice) and 592 (white flour+ wheat 
germ) have bad rickets, worse than 591 (white flour) but less 
severe than 590 (oatmeal). Of the two 592 (white flour+ wheat 
germ) is rather worse than 589 (rice). 

It will be seen from the calcium content of the femur shafts 
that the degree of bone-calcification in the dogs of this series is in 
the order, 590 (oatmeal) worst, then 592 (white flour+ germ), 589 
(rice) and 591 (white flour) best. 

As regards general appearance and speed in running, the order of 
rachitic severity was again 590 (oatmeal) worst, then 592 (white 
flour+ germ), 589 (rice) and 591 (white flour) best. 

The weight curve of this series of animals is shown in Fig. 24. 
It will be seen that except for 590 (oatmeal), which only put on a 
small amount of weight during the last 60 days, the rate of increase 
in weight of these animals was remarkably constant. The lag in 
growth of 590 (oatmeal) was again due to inability to finish off' 
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it::, 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 increase 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. 

rrhe order of rickets-producing power of the cereals tested In 
this experiment is: 

(1) Oatmeal (worst). 
(2) White flour+ commercial wheat o·erm. 
(3) Rice. 
(4) \Vhite flour (best). 

The Rickets-vroGlucing E.fJect of lrheat Gern~~. 

In the following experiments commercial wheat germ was again 
substituted for part of the white flour, so that the total cereal eaten 
l IV the t\vo animals was the same. 

V Age at beginning of experiment : 7 weeks. 
General daily diet included separated milk powder 20. gms., meat 

10-20 gms., yeast 3-5 gms., orange juice 3 c.cms., sodium chloride 
1-8 gms., olive oil 3-10 c.cms. 

In addition 824 received 30-90 gms. white flour 
and 825 ,, ,, a mixture of white flour and 

commercial wheat germ, 
in t.he proportion of 60 per 
cent. white flour and 40 
per cent. germ. 

The cereals in each case were equally cooked. 

TABI,E 5. 

. .I D. I Duration Weight. GaO in Fem'ur Shaft . 
.:.\v. uj 1 1et. 

1 

I Expt. Vrtticttle. of E.rpt. ,Initial. Final. l'Jax. Percentage. Amount. Ilistology. 

I I TVI,ek.'i. gms. gms. gms. Dry. Fresh. \ gms. 
~ 1- -----___ , __ _ 

'"+ Control I 17! 1070 3575 3575 lS·l 10-4 I 0-887 Bad rickeb 

after 10! worse than 
:?5 \Vheatgerm\ 16} lOGO 3075 I 3283 17·1 6·91 0·317 Badrickets. 

weeks, 824 

1he radiographs of Exps. 824 and 825 (Figs. 25 and 26), taken 
nfter 11 weeks oE the experimental diets, show that both animals 
~leve1oped rickets, but that 825 (wheat germ) was worse than 824 
tcontrol). 

Although both developed bad rickets according to the hiRtological 
a.ppearance of the bones, 825 was the worse, for there was hardlv 
any attempt at calcification at the costo-chondral junctions, w herea:s 
in 8~4 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 calcification 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' (rrable 21 , 
see also Figs. 89 and 90). 

Omnpm·ative E'jfect of G?·ou/J1d Oats, G1·oats, Oat1neal, Rye, 
ancl ll7tite Flour. 

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 case of animals eating other cereals which 
have been tested. It seemed possible that some of this action might 
be due to the fact that it was a manufactured product and that the 
natural oats might not have the same effect. The 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 efi'ect. 

Age at beginning of experiment : 7 weeks. 
The general daily diet er.,ten 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 c.cms., sodium 
chloride l-3 gms. 

In addition 743 received 40-120 gms. white flour 
,, 7 44 groats 
, 745 , , rye 
, 7 46 , , oatmeal 
, 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 7 46 (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 
is to say much indigestible matter, more oats were allowed this 
animal than cereals to the other puppies. From the rate of increase 
in weight it appeared that 72 gms. ground whole oats were approxi­
mately equivalent to 60 gms. oatmeal and other cereals, so that 
7 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 finely before cooking and were given in the same amount as the 
other cereals. 

As in previously described experiments, all the cereals were 
equally cooked in separate receptacles of the same apparatus. 

It will be seen. from the radiographs (Figs. 28, 2P, 30, 31, and 32), 
taken after 9 weeks of the diets, that the intensity of the rachitic 
condition was closely similar in 746 (oatmeal), Fig. 31; 747 (whole 
oats), Fig. 32; and 744 (groats), Fig. 29; also that these animals 

(4560) B 
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<leveloped the disease more severely than 745 (rye), Fig. 30, and 743 
(white flour), Fig. 28. 

Although the calcium in the bones of these animals is small in 
all cases, it is distinctly lower in 746 (oatmeal) and 747 (whole 
oats) than in 743 (white flour) and 745 (rye). The bones of 744 
(groats) were not examined by this method because the anim~l, after 
developing most severe rickets, was cured by change of d1et and 
used for other purposes. 

The histological results are in agreement with the calcium con­
tents of the bones, 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 7 45 (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 stages 
and again during the last month of the feeding period (Fig. 33). 
\Vhether 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. As 
regards the other results of this series, it would appear that whole 
oats and groats are as strongly rickets-producing as oatmeal, and 
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 intensely 
rickets-producing than rye or white flour. 
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Su·rnlnut '~'.'}. 
Experiments on puppies have been described in which cereals 

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 substance tested, 
oatmeal, groats, or ground oats had by far the most intense action. 
White flour had the least action in this respect. Rice occupied an 
intermediate position and was somewhat worse than white flour. 
Barley appeared to be more rickets-producing than rice, but further 
work on this cereal is necessary. From other experimentR not 
recorded above it would appear that maize is more rickets-pro­
ducing than wheat, but is not so potent in thjs respect as oatmeal. 
Although the point was not examined closely, there seemed to be 
no great difference between the rickets-producing effects of polished 
and unpolishecl rice. The action of whole meal flour was not 
dissimilar from that of white flour. Commercial 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. 
germ (Osborne and 1\fendel [3]), so that the little difference in effect 
between white flour and whole meal flour in these experiments 
might be expected in spite of the action of commercial wheat 
germ above described. The intense rickets-producing effect of 
oatmeal does not seem to depend on the fact that it is a manu­
factured product, for crushed whole oats and groats were just as 
potent as oatmeal. 

IV. THE INTERACTION OF CEREALS \VITH OTHER 
ELEMENTS OF THE DIET. 

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

In earlier publications I have supplied evidence that a fat­
soluble vitamin (anti-rachitic vitamin) is particularly concerned in 
promoting the calcification of bone [l. a, b, c, d]. I wish now to 
describe experiments made primarily to see how foodstuffs contain­
ing these different dietetic factors, the one class promoting and the 
other 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 
interaction among themselves and to see the degree to which each 
could modify the influence of the other. Only in this way could 
adequate appraisement be made of their relative importance. It is 
too 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 calcification, about which nothing is yet 

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

A. TH E IxTERACTIOK OF CEREALS WITH SuBSTANCES CONTAINING­

THE AN'rr-RAcHrTrc VITAMIN. 

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

(i) God-Liver Oi l. 

Expe'rirne nts 713 and 716. 
Age at beginning of experiment: 6 weeks. 
General 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. 

No. of Diet. 
E~1J f. Variable. 

713 Olive oil , 
10 c.cms. 

716 Cod-li>er oil 
10 c.cms. ' 

716 10 cod-liver oil. 

T ABLE 7. 

Du talion 
Weight. CaO in Femw· Shaft. 

of E xpt. In itial. Final. M ax. Penentage. Amount. 

Weeks. gms. gms. gms. Dry . F1·esh . gms. 

--- -- -

22 2430 5590 5590 14.~ 5·7 0·51 
after 17 

2270 ! 6060 
w eek s 

23 6060 23.] 12·1 1.53 

I 

I-I istology. 

Very bad. 
rickets 

Normal 

It is clear from the above chemical and histological results, and 
from the radiographs (Figs. 65 and 68), that 10 c.cms. of cod-liver 
oil daily has completely antagonized the rickets-producing effect of 
the oatmeal eaten and allowed the development of a normal animal 
'vith well-calcified bones. It will also be noticed that, although 
the amount of calcium in the diets of these animals was the same, 
there is three times as much calcium oxide in the femur shaft of 
716 (cod-liver oil) as in that of 713 (olive oil), i.e. 1·53 gm. as com­
pared 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 
rickets, 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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Eo;pe}·iments 742 ancl 746. 
Age at beginning of experiment : 7 weeks. 
General daily diet: separated milk powder 20 gm~. , meat 

20 gms., oatmeal 40 to 120 gms., yeast 5 gms., orange juice 3 c.cms. 
In addition, 742 received 3 c.cms. cod-liver and 7 c.cm . . olive oil. 

and 746 , 10 c.cms. olive oil. 
The only difference in the diet of these animals is that 3 c.cms. of 

·olive oil is replaced by 3 c.cms. of cod-liver oil in the daily ration 
of 7 42. The effect of this small change was great, as can be seen in 
Figs. 27, 27 a, and 3t and 31 a, which are radiographic and photo­
graphic results respectively obtained with these puppie.. In the 
case of 7 42 the calcium content of the bones and their histological 
structure was not determined, as the animal is still alive. In 
later experiments it was found that even 1 c.cm. of corl-liver oil 
daily was capable of antagonizing fairly effectively the influence of 
oatmeal. 

(ii) .Milk, Sepu/J·utecl ~lilk, cutcl Buttet'. 

It was clearly necessary to see how the rickets-proclucing crrect 
of cereals was influenced by milk and its products, awl 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 especially in connexion with 
questions of growth and rickets, the results have often presented 
difficulties when viewed from the standpoint of the vitamin hypo­
thesis. I pointed out in a previous publication [1. (l] c;;ome of 
the difficulties presented Ly the results obtained in experiments 
designed to test the anti-rachitic action of butter. I founcl, among 
other things, that the anti-rachitic action of butter is small unless 
there is a corresponding amount of calcium salts in the Lliet to 
balance it. In this respect butter is different from cod-liver oil, 
because cod-liver oil exerts its calcium-retaining propertie& very 
potently, even when the calcium of the diet is very small (see 
Exp. 495 and 496, 'l"'able 16, p. 36). It may be that this difference 
between cou-liver oil and butter depends upon the fact that there 
is a much greater amount of the anti-rachitic 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, l\1cCollum, Sinunonds, 
Shipley, and Park [ 4] have found that butter is relatively impotent 
as compared with cod-liver oil unless the calcium of the diet is high. 
Thus these investigators found that a diet containing 3 per cent. 
butter and 0·5 per cent. calcium carbonate had the same physio­
logical results on young rats as the same standard diet to which 
2 per cent. of cod-liver oil and only 0·1 per cent. calcium carbonate 
had been added. On the other hand, raising the butter in the diet 
did not counterbalance a large dietetic deficiency of calcium. It 
may be added that it is strictly analogous results like this, em brac­
ing different physiological problems, which make it rlifficult to 
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accept the suggestion that the grov~'th-promoting and the anti­
rachitic actions of butter are due to separate entities. 

In the following series of experiments it will be seen that the 
effectiveness of hutter in promoting bone calcification 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 
yua fat, because olive oil has hut little effect under these con­
ditions. 

The Iufl'uence of Batte·1' Frd coul &epa1·ated JJfiU: Ofb Bone Oalci.fica-
tion.-Theil· Relat it·e uncl Corabi Heel Effect.:. 

E.tperi1nents 530, 531, 532, 333, and 534. 
The animals in this seri~:s "'ere rapidly gro·wing puppies. 
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., sodium chloride l gm. 

In addition, 530 recei \'eel 30 gms. separated milk powder. 
531 30 gms. separated milk powder and 

532 
333 

" 

20 gms. butter. 
20 gms. butter. 
30 gms. separated milk powder and 

:20 c.cms. oli \·e oil. 

TABLE R. 
---- - ---, - -

No. ifi n-tight. CaO in Fomw Shaft. Dw·ation Diet. 
of Expt. Fina . , IJislulugy. Expt. Vuriable. Initia '. Jlax. Ptrcentage. Amouut. 
Weeks. [fillS. gms. [jiltS. Dry. I Fresh. [Jiil'i. __ , 

- -- - -, 
530 + ~0 gms. 21 1 00 0050 7300 17.:.? 10.1) (I.U~ 

I 
Bad rickets 

ep. milk after :.?0 
powder \YeeJ...s 

531 
I 

-r 30 gms. 21 1o1o ti/80 9000 2~·~ 15·b H>tl Rickets 
sep. milk <lfter 20 
po\Yder, week 
20 gms. 
butter 

5')·) + 20 gms. ::21 !i000 6150 12·4 8·1 o.G Very bad <>-
butter after 1~ ri~kets 

week!:> 
533 + 20 c.cms. 21 2:200 Gli>O ~~oo 1 1fi·1 11.0 1·15 Bad rick-ets, 

<•liYe oil, after 18~ hut healing 
+ 30 gms. weeks ' 

S•·p. milk 
powder 

534 General diet :.?0 00 3:280 4050 11· 3··:5 0·325 VEnT bad 
only 1 after 1') . !'icket:;, worse 

week"' than 532 

The points about the diets of the~e experiments worthy of com­
ment are: 

(l) In the diets of neither Exp. 334 nor 530 was there more than 
:l tntf'C of fat. The differences l ,etween the conditions of 
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534 and 530 were due to the extra sepa.ratecl milk eaten 
by 530. 

(2) 532 and 534 received the same amount of separated milk, and 
differences between these animals ·were due to the 20 gms. 
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 relati,-e influence of butter and o]i, e oil when 
the calcium of the diet is fairly high. 

(4) The rate of growth of the e animals Yaried greatly, chiefly 
because of the difference in energy value and protein value 
of the respectiYe diets (see Fig. 09). 

The radiographs of the "-rists of these animals, taken after 20 
weeks of the experimenta.l diets, are shown in Figs. 34, 35, 36, 37, 
and 38. It will be noted that all the animals of this series have 
deYeloped rickets, as is eYident by abnormality of the endochondral 
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 c.cms. oliYe oil), Fig. 37, and 
530 (45 gms. separated milk), Fig. 34, deYeloped more severe rickets, 
but in the radiographs, especially Fig. 37, healing changes at the 
epiphyses are fairly ach·ancecl 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. 
532 (20 gm . butter), Fig. 36. had \Yorse rickets than 530 and 531, 
but less intense than 534. In earlier radiographs, taken after 
10 weeks of diet, 534 showed bad rickets, 530 and 533 rickets 
of equal intensity, 532 rather less ricket than the foregoing, while 
531 was practically normal. 

'The calcium content of the lJones set out in the table are in fair 
agreement with the radiographic eYidence. Both separated milk 
and butter singly have brought about improYement in bone calcifica­
tion. The former raisec1 the calcium oxide in the femur shaft from 
0.325 gm. to 0·98 gm .. and the latter from 0·323 gm. to 0·6 gm. 
'Vhen th · two acted together, as in Exp. 531, the calcium oxide 
increased to 1.89 gm. In E.s:p. 533. where the mineral salt content 
was practically identical with that of Exp. 531, the calcium oxide of 
the femur haft was only 1·15 gm. It is possible from these figure& 
to see how effective butter is in bringing ahout calcium deposition 
in the bones when this element is plentiful in the diet. Under the 
san1e conditions oli vc oil in the diet of Exp. 533 has had little or no 
effect in this respect. 

Histological examination of the uones reveals very bad rickets in 
534 (control) and 532 (butter only), bad ricket: in 530(separated milk) 
and 533 (. eparated milk + oliYc oil), and rickets in 531 (separated 
milk + butter). In view of the intensity of the calcification of the 
bones of 531 (separated milk + hutter). as re\'ealed by the high 
calcium content of the femur . haft, it iR surprising that this animal 
has developed rickets. I drew attention to this effect, namely, the 
simultaneous development of rickets n.nd good calcification produced 
hy butter on bone, in a previous publication [1. d]. It may Le 
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stated that these animals ate a large quantity of bread, and thei1· 
weight increased rapidly (except Exp. 534), as can he seen in 
Fig. 39. It is apparent that in 531 the consumption of separated 
milk and butter has not completely antagonized the rickets-produc­
ing effect of the large amount of bread consumed. It 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 aw.l 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
paratively slow. In spite of the slow rate of growth, this animal 
developed 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 
growing dogs were used, indicate that: 

(1) Additional separated milk has had a definite but not a potent 
anti-rachitic action (cf. 530 with 534). It brought 
about better growth and well-being, hut 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 c.cms. 
of milk) improved the calcification of bone and health of 
the animal, but did not prevent the development of severe 
rickets (cf. 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 difference to 
the calcification of bones, and did not prevent severe rickets 
(cf. 533 with 530 ). 

(4) Butter added to a· diet rich in separated milk had a great 
effect on the general condition of the animal, and improved 
greatly the calcification of the bones. In this caRe 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 
calcified. 

531 was a very active animal, and ran well throughout the 
experimental period. 530, 532, 533, and 534 became very 
feeble in the course of the experiment. Of these, 534 was 
in the worst condition. 

The following experiments prove that the calcium element of the 
separated milk enhances greatly the anti-rachitic effect of the butter 
vitamin, but that separated milk has also some anti-rachitic effect, 
beca?-~e o~ an. additio~a~ constituent, probably a residue of anti­
rachitic vitamin, remaming after the removal of its butter fat. 
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The 1 
1yneruistic Artion of the .Anti-tctcltitit' Vitarnin i't1 Bv.,tte;· 

ancl Oalci1.~'1n CaTbonate. 

B,Gpetirrwt1tl3 520-525. 
In this series the animals were not of the rapidly growing type 

used in Exps. 530-534. 
Age at beginning of experiment: 8 weeks. 
General daily diet: separated milk powder 15 gms., meat 

10 gms., bread 50-150 gms., orange juice 3 c.cms., yeast 5 gms., 
sodium chloride 1 gm. 

'2Vo. ofl Expt. 

5~0 

.'521 

·"522 

523 

525 

Diet. 
l'al'iuble. 

TABLE 9. 

Dni'alion 
Weight. Cr1 0 in Pemttr Shujt. 

of Expt. Initial. Final. Jia.r. Percentage. j Amount. Ili8fology. 

1Ved•~. gms. gms. 

!1 15011 I 34.)0 

1470 4:250 

un:__ Dru. I Fresh. _g_n_!s_. -1------

General diet 
only 

+ 10 gm,, 
butter 

+20 gms. 
butter 

+ 20 gms. 
butter, 
0·85 gm~. 
CaCO~ 

+0·85 gms. 
CaC03 

+30 gms. 
..;ep. milk 
powder 

:?6 1390 58:>0 

1970 5380 

1725 3 80 

1620 I 4 700 

4250 13.6 7.9 0.44 
after 20 
weeks 
5240 15·7 JO.S O.()() 

after 20 
weeks 
6210 :?1.8 

after 22 
weeks 
5380 :23·3 

0500 12·0 
after 21 1 
weeks 
3320 22·7 

after 22 
weeks 

15·5 0.83 

1().8 1·32 

·1 o.sG 

17·3 1·19 

It will be noticed in the above diets that : 

Very bad 
rickets 

Rickets 

Rickets worse 
than 021 

:Nearly 
normal 

Bad rickets 

~:ready 

normal 

(1) The diets of 520 and 525 are practically fat-free. 
(2) If cow's milk be used as a standard, and 4 per cent. be regarded 

as its normal fat content, the fat eaten by 521, and more 
especially 522, overbalances the calcium of the diet. For 
instance, the 10 gms. butter eaten by 521 is equivalent to 
about 220-250 c.cms. of milk, while only the equivalent of 
about 150 c.cms. of separated milk was consumed. The 
discrepancy was even greater in 522, for 20 gms. of butter, 
e(1uivalent approximately to that contained in 450-
500 c.cms. cow's milk, were eaten, and the calcium of only 
150 c.cms. of separated milk was included in the diet. 

{3) The addition of 0·~5 gm. of CaCo3 to the diets of 523 and 524 
brought the calcium content of the diets approximately to 
that of Exp. 525, where 450 c.cms. of separated milk was 
included in the ration. 
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The radiographic results (Figs. 40, 41, 42, 43, 44, and 45) of these 
animals after ~20! weeks of the diets showed that : 

(l) 523 (Fig. 43) and 525 (Fig. 45) ·were practically normal 
animals. The bone calcification of both \vas 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 calcium content of the bones is in agreement with the radio­

graphic appearance of Figs. 40-45. 523 (butter + calcium car­
bonate) had much the most calcium oxide in the femur shaft 
(1·32 gm.), while the smallest amount (0·44 gm.) was present in the 
case of control animal 520. The additional separated milk eaten 
by 525 also improved the calcium deposition (1·19 gm.), anrl to 
a greater extent than additional calcium 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 animals are given in Fig. 46. The 
slower increase 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 n;s activity. With the deYelopment of severe rickets its 
appetite diminished and the rate of growth became correspondingly 
smaller. The difference in the rate of increased weight between 522 
(20 gms. butter) and 523 (20 gms. butter + CaC03) 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 calcium 
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 calcium in the case of 523 that is probably 
responsible for its slower increase in weight as compared with 
522. 523 (20 gms. butter + calcium carbonate) was the only animal 
that did not suffer loss of weight at the end of the experiment 
owing to diminished appetite. 

The following deductions 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 
calcification, but has not completely prevented the disease. 

(3) Comparing 522 and 523, balancing the large amount of butter 
with additional CaC03 has prevented rickets and brought 
about much improvement in the latter animal's condition. 

(4) Comparing 520, 524, and 525, it is clear that the Letter con­
dition of 5:~5 cannot be due only to the extra calcium in the 
separated milk, but that there are other factors which 
antagonize the disease, the most important of which is 
probably a certain amount of anti -rachitic vitamin still 
remaining \vhen the butter fat is remoYed. lf the extra 
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calcium in the separated milk were entirely responsiLle for 
the improvement of 525 over 520, then 524, which also 
received extra calcium in the form of calcium carbonate, 
ought to have been as good as 5:25, and this is not the 
case. It will be noticed that the additional separated milk 
has been more effective in preventing rickets in 525 than in 
530 of the previously described series, although in the latter 
case also the separated milk had a 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 bread. 

The Antagonisrn of the Oatn~eal Ejj'ect by Butte'i' i.nteracii·nv tcith 
either Culcium Cc!/tbonate or Pltosphate. 

It will now be shown that the more potent rickets-producing 
effect of oatmeal can also be antagonized to some extent by a com­
bination of butter and calcium carbonate or of butter and calcium 
phosphate. The action of these salts without the assistance of the 
anti-rachitic vitamin has been demonstrated in other experiment~ 
(see, for instance, Exps. 711, 713, and 715, Table 14, p. 33). 

E.cpe1·i·ments 748, 749, 751, ancl 752. 
Age at beginning of experiment: 8 weeks. 
The general diet eaten by all included separated milk powder 

15-:20 gms., meat 10 gms., oatmeal 30-80 gms., yeast 3 gms., orange 
juice 3 c.cms., sodium chloride l-2 gms. 

In addition, 7'48 received 10 gms. butter and 0·5 gm. calcium 

Diet. 
Variable. 

10 gms. 
butter, 
0.5 gm':l. 
CaC03 

10 gms. 
butter, 
0.5 gms. 
Cn 3 (P04)~ 

74D 

751 
752 

lJuration' 

,, 
" 

carbonate. 
10 gm . butter and 0·5 gm. calciu111 

phosphate. 
10 c.cm . olive oil. 
10 gms. butter. 

T.\.BLE 10. 

Weight. 

of Expt. Initic~l.l Final. 
Weeks. gms. gms. 

Mu.--c. 
gms. 

CaO in Femur Shaft. 

Percentage. I Amowtt. 
Dry. Fresh. gms. 

IIistoliJ!fiJ. 

17~ · G5 34()0 34()0 ::3:).() 13·1 (),;J<J;j Rick eh 

17~ 1000 :!IUO 2U10 2:).8 11·0 u.J:J2 Rickeb 

751 10 C.\'InS. 1li 13:50 2010 24.20 };).() I H) O·lli.J. Bad rickets 
oliYe oil nfter 7 

weeks I 

752 10 gm-... 17 1200 1H70 28!)0 17-3 b·7 0·~1-1 Hn<l rickets 
butter <lfter 15 

WCI!kS 
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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 
~evere rickets, whereas 7 48 (butter and calcium carbonate), Fig. 47, 
and 749 (butter and calcium phosphate), Fig. 48, have much 
less rickets. 

According to the histological appearance also, all the puppie. of 
this 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. 50. 

Comparing the calcium in the femur shafts of 7 51 with 752, it 
will be seen that butter only brought about an increase in calcium 
deposition from 0·164 gm. to 0·274 gm., but that when calcium car­
bonate and calcium phosphate were added to the diets in addition to 
the butter the calcium in the bone went up to 0·393 and 0·452 gm. 
in the respective cases. 

It was again noticeable how relati Yely well calcified wa the bone 
under the periosteum of the dogs receiving butter when contrasted 
with the defective calcification evident at the epiphyses. The 
calcium oxide content of the femur shaft also indicated good 
calcification, especially in 7 48 and 7 49, in spite of the rachitic 
changes which developed. 

It would thuR appear that the anti-rachitic action of lmtter, even 
when working in conjunction with additional calciun1 salts, has 
not been sufficiently potent to antagonize completely the ricket -
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 calcium content is to some extent responsible for 
this, but there still remains unexplained a part of its anti-rachitic 
influence. The combined influence of butter fat and either a 
corresponding quantity of separated milk or of calcium carbonate or 
calcium phosphate in increasing bone calcification, and especially in 
res~ect of the point under discussion, in opposing the rickets-pro­
clucmg influence of oatmeal and other cereals, is relatively much 
stronger than would be expected from the effect of t.he butter fat 
only. Whole milk is much more strongly anti-rachitic than butter. 

1~he pr?~len~ as ~o why diets containing butter as the source of 
anti-raclutiC v1tannn 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) G'J'een Yeuet{lbles. 
entill921 , when a full report of this investigation was published, 

I had not been successful in carrying out experiments to 
te t the anti-rachitic action of green vegetables on puppies. In 
view of the experimental work which had previously demon ­
'trated 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 substance and vitamin 
A \Yere Yery 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 

huck [5] , for instance, found that 0·1 to 0·5 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 alcoholic 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 results were obtained with 
~pinach by Goldblatt and Zilva [7]. Much of the work designed to 
solve this problem is open to the criticism 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 can 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 oatmeal is 
the cereal eaten and the diet is otherwise deficient in anti-rachitic 
Yitamin the influence of cabbage is small, but when bread replaces 
oatmeal the improvement in bone-formation is more obvious. 

The Antagonistic Effect of Cabbage to the Riclcets-pr;·oducing 
I-nfi/uence of Oer;·eals. 

Age at beginning of experiment: 10 weeks. 
Diet eaten daily by both puppies included separated milk 

powder 20 to 25 gms., meat 20 gms., yeast 5 gms., orange juice 
3 c.cms., olive oil10 c.cms., sodium chloride 2-3 gms., and oatmeal 
30-130 gms. 

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

The control diet eaten by bl3 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 
under these conditionsitsanti-rachitic effect might have been regarded 
as large. It will be seen, however, from Fig. 53, 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 control animal 613. It will be noticed also that 
the calcium oxide in the femur shaft is much higher in 616 
(cabbage) than in 613 (control), i.e. 0.93 gm. as compared with 
0·62 gm. The animal eating cabbage was not only less rachitic but 
grew better, especially as regards its bones, and remained in a more 
active condition than the control puppy. The rate of increase in 
weight of these puppies can be seen in Fig. 54. It would seem 
probable from the more rapid increase in weight of 616 (cabbage) 
that this animal digested and assimilated a fair amount of the 
additional cabbage. The cabbage also delayed the onset of 
muscular 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. 

I 

Duration 
TVeight. CaO in Femw· Shaft. 

No. of Diet. of Expt. .Amount. I Histology. 
Expt. Variable. Initial. Fi,tal. Max. Percentage. 

Weeks. gms. gms. ums. Dry. I F?·esh. gms. \ 

-- I __ 

~)13 Control I 18 2850 6450 ~1 12.7 1---:-~I Very bad 

I after 17 I rickets 
weeks 

G16 Cabbage i 17! 2950 7050 7120 14-7 8·8 0-93 Very bau 

I 
after 16 rickets 
weeks 

j 

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 cabbage is more prominent. 
In the following series of experiments the anti-rachitic influence of 
cabbage is contrasted with that of carrot, and both with egg yolk, 
white flour being the cereal eaten. It will be seen that the cabbage 
eftect is greater than that of carrot, when equivalent weights are 
eaten, but that both actions are much less intense than that of 
egg yolk. 

Con~parcdive Effect of Cabbage, CuTrot, ancl Egg Yolk. 

Age at beginning of experiment: 8 weeks. 
General diet daily eaten by all included separated milk powder 

15 gms., meat 20 gms., yeast 5 gms., orange juice 3 c.cms., sodium 
chloride I gm., and bread 40 to 150 gms 

In addition, 635 received 20 up to 120 gms. cabbage. 
637 20 , 120 carrot. 
638 , 1/3 ,, 1 egg yolk. 

The cabbage and carrot were chopped up finely and boiled until 
cooked (20 minutes). 
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TABLE 12. 

Duration 
W eight. CaO in Femur 8/tajt. 

No. of Diet. of E ;rpt . Histology. Expt. Varinble. I11itial. Final. I Max. Percc11tage. Amount. 

W eeks. gms. gms. gms. DnJ. Fresh. gms. 

- -- ---
()35 Cabbnge 33 1420 6400 6400 J\).2 H·5 1·07 Rickets 

637 Carrot 33 1580 6~)80 G980 
I 

13.8 !:1·2 0·75 Bad rickets 

638 Egg-yolk 33 900 ()290 6460 20.0 15.8 }.35 Nearly 
normal 

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 (egg yolk), Fig. 57, is normal; 635 (cabbage), Fig. 55, has 
developed rickets, and 637 (carrot), Fig. 56, severe rickets. 

The calcium results are in agreement, the animal getting some 
egg yolk daily having 1·35 gms. calcium 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 rickets, and 637 (carrot) had bad rickets. 

The weight curves of these animals are given in Fig. 58. 
It is clear that cabbage has had a distinct 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. ln 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 be 
more potent. It is of interest, however, to note that, even in the 
case of a carnivorous animal like the dog, cabbage haR 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 publication 
[L d], and as has been recently confirmed by Hess [8] on children. I 
have not tested its anti-rachitic action relatively to the rickets­
producing effect of oatmeal, but the following experiment demon­
strates as does the above described Exp. 638, that from a preYentiYe 
standpoint it can antagonize the action of bread. 

(iv) E.flect of Egg Yolk. 

Age at beginning of experiment : 8 weeks. 
General diet daily eaten included separated milk powder 15 gm .. , 

meat 20 gms., bread 30-150 gms., orange juice 3 c.cm ., yeast 
5 gms., olive oil 10 c.cms., sodium chloride 1 gm. 

604· ate this diet only. 
606 also ate two-thirds to 1 egg yolk. 
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T ABLE 13. 

I D~~ration lVeiglt t . C(~Q iu Femu r Shaft. 

No. of Diet. li i st olog !I· 
Expt. T'uriaUe. 

oj Expt. InWal. F ;nnl. l Jln.~ Percentage. I Amount. 

TVcel.:s . gms. gm s. gms. Dr!J. Fresh. gm 8. 

--- - ---- --- -1---
I I 

I 604 Control diet 16 1350 
:1750 I 3750 21·7 I 14-0 0.60 Bad rickets 

I 
606 5-1 egg yolk 16 1090 4300 4300 27-4 

I 16.1 
I 

0.86 Nearly 
I I 

I 
normal 

I I I 
- ----

The radiographs of these animals taken after 16 wTeeks of the 

diet are produced in Figs. 59 and 60. It will be seen that 606 (egg 

yolk), Fig. 60, is normal, while 604 (control), Fig. 59, has developed 

rickets. These results are corroborated both by the histological 

examination and by the calcium oxide present in the bones. The 

weight curves of these animals are shown in Fig. 61. 
The egg yolk not only brought about great improYement in the 

bones, but also in the general condition of 606. Whereas 605 

(control) was weak and had some difficulty in moving about, 606 

(egg yolk) was extremely active at the end of the experiment. 

B. THE INTER.\.O'I'ION OF CEREAl.S WITH SALTS. 

At an early stage of the discovery that cereals varied in thei1· 

rickets-producing effect it was felt that the point as to whether 

the action was controlled by their calcium-phosphorus content had 

to be considered. This question is discussed at length at a later 

stage (see pages 46-50), but at this point a few experiments will be 

described which demonstrate how the cereal effect is influenced by 

altering the amounts and ratios of calcium and phosphorus in a 

diet deficient in anti-rachitic vitamin. 

(i) The Effect of varying the Calcit~m ancl Phos]Jhorus Content of 

the Diet by adding Calciurrn Carbonate, Calci,urrn Phosphate, 

and Sodit~m Acid Phosphate to Diets deficient in A nti-rachitic 

Vita?nin. 
Age at beginning of experiment: 6 weeks. 
General 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 to lOO gms. 
As regards the above general diet two points are to be noticed : 

(l) 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. 25 gms., and was soon raised to 30 gms. daily. 

rrhe 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 

quantitatively, to obtain better comparative results. 
In the following series of experiments the calcium and phosphorus 
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content of the food was altered by adding calcium carbonate, 
calcium phosphate Ca3 (P04) 2, and sodium acid phosphate NaH2 P04 

respectively, to the general diet of three of the four animals. 

TABLE 14. 
- -----------------

I Weight. CaO in Femur Shaft. 
I Duratio~t 

No. of
1 

Did. 
of Expt. 1IniUal. l ,.ina/. IIistology. 

Expt. Variable. lofax. Percentage. Amount. 

I 
W eeks gms. gms gms. ~r!f. _j ~~~s~~- gms. 

--- ----

ml Control 22 2-13o I 5510 5590 14,-2 5·7 0·51 Very bad 

2220 1 6150 

after 17 rickets 
weeks 

715 + 0 37 to 23 6450 11·4 'i·G 0·98 Bad rickets 
0·74 gms. 
CaC03 

I 

711 -r 0·38 to 22 I 2230 I 4<30 5830 15·8 6·5 0·63 Very bad 
0·76 gms. after 18 1 rickets 
C;t 3(P04) 2 weeks 

710 + 0·3 to 22* I 2280 
0·6 gms. 
NaH2P04 

_I ____ 

* N.B.-After 22 weeks diet changed and animal used for other purpose~. 

The calcium in the added calcium carbonate (0.37 to 0·74 gm.) 
and calcium phosphate (0·38 to 0·76 gm.) is equivalent to that 
present in about 125 to 250 c.cms. of cow's milk, so that, from the 
point of view of calcium content, the diets of 715 and 711 can be 
considered as having an equivalent of not less than 370 to 550 c.cms. 
of cow's milk. The larger quantity was taken throughout most of 
the experimental period. 

The additional phosphorus in the diets of 711 (0·38 and 0·76 gm. 
Ca

3
(P0

4
)

2
) and 710 (0·3 to 0·6 gm. NaH2P04) is equivalent to that 

present in 80 to 160 c.cms. of milk. 
The calcium in the diets of 715 (CaC03) and 711 (Ca3 (P04) 2) is 

identical, and the phosphorus in the diets of 711 (Ca3(P04 ) 2) and 710 
(NaH2 POJ~a~oequ~. 

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

The radiographs of the wrists of these animals taken after 13 
weeks of the diet can 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 (calcium phosphate), Fig.63,has bad rickets, but not 
as severe as 710 and 713. The effect of adding calcium carbonate to 
the rickets-producing diet appears from these radiographs (Figs. 65 
and 67) to be great, but it will be seen in Figs. 70 and 72, a radio-

(4560) c 
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graph and photograph of 715 (calcium carbonate) taken at a later 
stage, namely, after 22 weeks of the diet, that this animal also 
developed fairly severe rickets. As regards sodium acid phosphate~ 
it is evident that it has not brought about any increased resistance 
to the disease. Calcium phosphate (Fig. 63), on the other hand, 
has had a definite but not great anti-rachitic action under these 
conditions. 

TABLE 15. 

Ca Intake. P intake. 
Ca 
p 

----

710 0·350 to 0·477 gms. 0·480 to 0·850 gms. 1 : 1·76 

711 0·498 to 0·772 gm:;, 0·480 to 0·850 gms. 1 : 1·10 

713 0·350 to 0·477 gms. 0·411 to 0·701 gms. 1 : 1·47 

715 0·498 to 0·772 gms. 0·4-11 to 0·701 gms. 1 : 0·91 

The calcium content of the bones is in agreement with the 
radiographic results. The calcium oxide in the femur shaft has 
been raised by the additional calcium carbonate in the diet from 
0·51 gm. to 0·98 gm., and by calcium phosphate from 0·51 to 
0·63 gm. Parenthetically, it may be well to point out how small 
these figures are compared with the 1·53 gm. of calcium oxide in 
the femur shaft of Exp. 716, a member of the sarne litter having 
the same diet as the control (713) except that cod-liver replaced 
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 (calcium phosphate), 
having developed severe rickets, no longer finished their ration, so 
that their weight did not increase so rapidly. The diet of 7'15 
(calcium 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 can be modified by alteration in the amount and proportion 
of calcium and phosphorus in diets deficient in anti-rachitic vitamin, 
this method of defence 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 
oatmeal effect can be explained by its calcium-phosphorus content 
or even whether a first line of defence against the effect of cereals 
is worth seeking in the calcium-phosphorus contents of a diet. 
Thus when the effect of addi11g these salts to the basal diet is 
studied it will be seen that: 

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

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

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

(ii) The Action of Oalciu?n Hyd1·ogen Phosphate, 
CaH4(P04) 2 , 2H20. 

The following experiments are described partly because they 
illustrate the action of a combination of calcium and phosphorus 
different from those described 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 9Jmost devoid of calcium. It was a matter of 
interest to see whether the animal body could make use of and retain 
adequately in its growing bones the calcium supplied in this form 
both when the anti-rachitic vitamin was abundant and when it was 
deficient. Calcium hydrogen phosphate is fairly soluble-unlike 
calcium carbonate and phosphate-and it is of acidic reaction. 

Experiments 492, 494, 495, and 496. 
Age of puppies at beginning of experiment: 6! weeks. 
General daily diet eaten by all.-t;eparated milk powder started 

at 10 gms. daily and was gradually reduced so that at the end of 7 
weeks none was eaten, i. e. for ~ 1-~ weeks of the experimental 
weeks no separated milk was included in diet; meat 10-30 gms., 
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 c.cms. linseed oil 
494 , , linseed oil + 1 gm. CaH4 (PO 4 ) 2 , 

495 
496 ,, 

2H20 
cod-liver oil 
cod-liver oil+ 1 gm. 

CaH4(P04 ) 2 , 2H20. 
The diet of 492 was very deficient both in anti-rachitic vitamin 

and calcium, 494 was very deficient in anti-rachitic but contained 
some calcium, 495 had only traces of calcium but a fair supply of 
vitamin and 496 had both anti-rachitic vitamin and calcium. 

The daily intake of calcium and phosphorus was somewhat as 
follows: 

{
Calcium 

Average amount during first 7 weeks . Phosphorus 

" " " 
last 21~- , , 

(Calcium 
l Phosphorus 

c2 

492 and 495 
0·085 gms. 
0·165 ,, 

0·045 ,, 
0·205 , 

494 and 496 
0·225 gms. 
0·395 ,, 

0·183 " 
0·434 ,, 
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TABLE 16. 

Dum- Weight. CaO in Femtn- Shaft. 
No. of Diet. tion of 

Pe1·centage. l Amount. Expf. VaTiable. Expt. Initial. Final. ]lfax. 

JVeek8. gms. gms. gms. Dr~ 

1 

F'1·esh. gms. 

492 3 c.cms. linseed 21! 785 2500 2750 Bones too 
oil after 16 soft to 

weeks deal with 
494 3 c.cms. linseed 28! 1500 3640 4550 13·6 7·9 0·64 

oil+ 1 gm. after 25 
CaHlP041 ,2H20 weeks 

495 3 c.cms. 28! 900 3900 3900 20·8 11·2 0·44 
cod-liver oil 

496 3 c.cms. cod-liver 28! 1293 4450 4450 17·8 13·0 0·88 
oil+ 1 gm. 

CaH4(P04 ) 2,2H20 1 
----~--~----~ 

Histology. 

Very bad 
rickets 

Very little 
calcification 
Had rickets, 
but better 
than 492 

Very slight 
rickets but 
osteoporosis 

Nearly 
normal 

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 -calcium), less intense in 494 
(+calcium -vitamin), while the epiphyseal growth in 495 (- cal­
cium+ vitamin) and 496 (+calcium +vitamin) shows but little 
derangement. 

The illustrations of the experimental results in this series of 
experiments are given in the form of photomicrographs of the 
costo-chondral junctions (Figs. 81, 82, 83, and 84). These sections 
were not decalcified but, after fixing in Muller's solution; were cut by 
freezing microtome and stained direct in silver nitrate and eosin. 
The intense black portions of the figures represent bone calcium. 
It will be seen that there is practically no calcium in the bones of 
492 (-calcium -vitamin), Fig. 81, w bile in 496 (+calcium + vita­
min), Fig. 84, the calcification 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 (-calcium +vitamin), 
Fig. 83, it would appear that a great effort is being made to keep 
the actual calcification at the epiphyseal growing margin in working 
order, but that this is being done at the expense of calcium deposited 
in the older bony trabeculae and in the portion of the shaft previously 
formed. In 4·94 (+calcium -vitamin), Fig. 82, there is a moderate 
amount of calcium in the costo-chondral junction, 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 ·-calcium) ,~.rere so soft and devoid 
ot calcium that it was impossible to dissect out the femur shaft 
intact for chemical analysis. The calcium oxide contents of the 
bones in the other experimental animals of this series are instruc­
tive. For instance, in spite of the low calcium content in the 
case of 495 (-calcium +vitamin) (0·44 gm.), there was no rickets 
but only severe osteoporosis. The presence of calcium acid phos­
phate jn the diet of 494 brought about an increase in calcium 
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salts in the bones (0·64 gms.), but did not prevent severe rickets 
with great derangement of structure. The added calcium and 
phosphate in the presence of vitamin (496) resulted in more intense 
bone-calcification (0·88 gm.) and no rickets. 

It may be inferred from these results that, when flour was t he 
cereal eaten, (1) calcium in the diet in the form of calcium acid 
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.cms. daily) prevented rickets but not osteoporosis 
when the calcium intake was negligible: when calcium acid phos­
phate was also added to the diet normal bones and a healthy animal 
developed; (3) when both calcium 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 described 
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 distinct anti-rachitic action 
and calcium phosphate and calcium acid phosphate a slighter effect 
in the same direction. In one or two experiments the calcium 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 carbonate 
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 calcium allows a certain amount 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 calcium content. I have pre­
viously pointed out how much more effective the anti-rachitic 
vitamin of butter is in the presence of additional calcium salts, 
and that under this condition calcium phoBphate appears to be as 
effective as calciunt carbonate (see Exps. 648 and 64~). Other ex­
periments, not described here, have demonstrated that calcium acid 
phosphate also is more completely incorporated in the body when 
the diet contains butter. 

It is necessary to emphasize how relatively small is the effect of 
adding calcium carbonate or calcium 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 egg yolk, 
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). lt will be at once evident how much 
more effective is cod-liver oil in bringing about improvement in 
deposition of calcium salts in the bones than additional calcium in 
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the diet. The better calcification and formation of the bones was 
associated with greater activity, liveliness, and better health of the 
animal, so that in every way the added source of vitamin was 
fJuperior to the calcium carbonate. 

The question arises as to whether the calcium carbonate exerts 
its anti-rachitic effect (l) by neutralizing the rickets-producing 
action of oatmeal, (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-rachitic 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 ~tated that calcium carbonate improves, 
to some extent, bone-calcification, even when the anti-rachitic 
vitamin in the diet is small. 

SUMMARY OF SECTION IV. 

Whereas it is clear from the above experiments that foodstuffs 
rich in anti-rachitic vitamin oppose to different degrees the rickets­
producing effect of cereals, the outcome of the contest obviously 
varieR greatly according 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. 
Egg yolk also acts powerfully in overcoming the cereal 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 enhanced. When the calcium 
content of the diet is raised by adding calcium carbonate or 
calcium phosphate, the calcifying action of the vitamin in butter 
is much increased. The anti-rachitic action of separated milk 
is definite, but cannot be explained solely by its calcium content. 
~Thole milk is more intensely anti-rachitic than the influence 
of its butter fat content would suggest. Cabbage, under the ex­
perimental conditions 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 obviously ill-adapted for the digestion of these 
foodstuffs. Calcium carbonate, calcium phosphate, and calcium 
acid phosphate increase the deposition of calcium 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 best of the salts tested under these conditions. 
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V. THE INTERACTION OF CEREALS \VITH ULTRA­
VIOLET RADIATIONS. 

A. EXPOSUHE OF THE SKIN TO ULTRA-VIOLET RADIATIONS. 

The curative effect of exposure of the skin to ultra-violet radia­
tions of a mercury-vapour lamp on human rickets was demonstrated 
by Huldschinsky [12 et] in 1919, and since that date other investi­
gators have published confirmatory observations on this subject. 
Besides the clinical confirmation of these facti) by Hess and Unger 
(9 b], and also by Chick, Dalyell and colleagues [13], the matter 
became a subject of experimental study on animalA, more especially 
on rats. These animals were placed on rickets-producing diets, which 
were modifications of a type used by Sherman and Pappenheimer 
[16 a], and were exposed at intervals during the experimental period 
to the radiations emitted either by the sun or by lamps of various 
forms. The essential characteristics about these diets were that boLh 
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, McCollum, 
and Simmonds [141 on the other, that exposure to ultra-violet 
radiations had a strong anti-rachitic effect. Huldschinsky [10 b] 
had also found that the action of the radiations was not confined to 
improvement 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, McCollum, and Sim­
monds (15] found that the sunlight also brought about a greater 
consumption of food, stimulated activity, improved the appearance, 
and increased 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 influence 
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 calcification 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, &c. [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 
radiation 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 a.lready 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 (17] 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 increase its 
amount. It has not yet been demonstrated that in the case of bone­
calcification, also, the action of ultra-violet 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 calcification of 
l>one respectively is so close that it is most probable that this 
explanation can be extended to the anti-rachitic influence of the 
radiations. Since the only means of access of anti-rachitic vitamin 
to the body, so far as is known, is by the food, except in the unborn 
and suckling infant, where the origin must be through the maternal 
food, it is clear 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 compatible with perfect bone­
calcification than when there is no chance 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. 

Iu view of the facts described 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-rachitic 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,rit antagonizes the vitamin. 
Experiments will now be described which show that this is the 
case, so that, when the diet is deficient in anti-rachitic vitamin, the 
efiect 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 oatmeal, the smaller becomes the calcifying influence of 
the rays. 

The A ntctgonistic Action bettueen E.1·posu're of the Slcin to UltTa­
Violet Rays and Oatmeal in the Food. 

Age at beginning of experiment: 6 weeks. 
General daily diet, eaten by all the puppies, consisted of separated 

milk powder 25-30 gms., meat 10-20 gms., orange juice, 3-5 c.cms., 
yeast 5 gms., sodium chloride 1-4 gms. and olive oil 10 c.cms. 

In addition, 713 received 60-100 gms. oatmeal. 
717 , 60-100 gms. , 
712 ,, 30-50 gms. 
714 , 30-50 gms. ,, 

The abdominal regions (after shaving) of 717 and 714 were ex­
posed to the radiations of a mercury-vapour lamp at a distance of 
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about 1 yard for a period of 30 minutes thrice weekly throughout 
the experimental period. 

rf.\BLE 17. 

Exposure Du ration 
Hleight. CaO i11 Fem11r S hrift. 

No. of Diet. to Raclia- of Expt. In ;tial. l Final. I Ilislul()gy. 
Expt. Variable. Max. Pm>miny, . I Amount. 

tions. 
W eeks. gm8. 

1 

gms. gms. Dry. I Fresh~.-.!.ms. 
----

713 2 x . 0 22 2430 1 5510 5590 14·2 G·i 0·51 Very 
Oatmeal after 17 bad 

weeks rickets 
717 2 x . do. + 22 2330 5720 5750 U·S 1·5 0.79 Bad 

1 after 20 rickets 
weeks 

712 x. do. 0 22 2140 3860 4430 26·4 7·7 0·68 Bad 
after 16 rickets 

714 do. 22 1900 
\ weeks \ 

ll·H 1·14 Rickets X. + 4700 4 700 22-6 

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 calcification. 'There is, however, a great difference 
in the amount of improvement brought about in Exp. 714 (Fig. 66) 
as compared with 717 (Fig. 69). This is also evident in the photo­
graphs of sections of the costo-chondral junctions of these animals, 
713, 717, 712, and 714, which are shown 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 etf'ect 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-calcification was large, so that, 
for instance, the shaft of the femur of 714 contained 1.14 gms. of 
calcium oxide as compared with 0·68 gm. in 712. The ditlerence, 
0.46 gm. OaO, can probably be ascribed to the efi'ect 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. CaO, 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. calcium oxide in 714, although the same 
exposure to light was ex perieuced 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. 

Weight 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 (2x oatmeal) put on 
weight more rapidly than 712 and 714 (x oatmeal). 

Two other series of experiments dealing with the question of 
interaction between light radiations, diet, and bone-calcification were 
carried out, but will not be referred to in detail here. In one set bf 
puppies the experimental methods were similar to those a.lready 
described, but the worst diets were even more unbalanced than in 
713 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.cms. taken by 713 and 717. Exposure to the mercury-vapour 
lamp greatly improved the bone-calcification and general condition 
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 1\'Iay and June, 1922, when there was a good 
supply 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-rachitic vitamin, the sunlight and 
other factors brought about no detectable improvement. 

It is evident that the more oatmeal in the diets above described 
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 i~ an 
antagonism between the rickets-producing substance of cereals and 
exposure of the animals to ultra-violet radiations. 

B. EXPOSURE OF 0ATl\IEAL TO ULTRA-VIOLET RADIATIONS. 

It has been found recently by Steenbock and Black [ 45] and also 
by Hess [ 46] 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 except 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. 

EYen irradiation of the sawdust. used as bedding in cages in­
habited by rats eating a diet deficient in fat-soluble vitamins, 
confers upon these anjmals 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 knowledge of the 
subject is but meagre. It is first necessary to accumulate facts 
concerning the phenomena, and, among other things, to determine 
the relative importance and potency of the different factors. One 
point seems probable both 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 direct exposure of oatmeal to ultra-violet radiations would 
have a similar effect and so minimize some of its toxic action. The 
following experiments indicate that this is the case. 

The Exposu?'e of Oatrneal to Ult,ra- Violet Radiations. 

Experiments 877, 878, 879, 880, and 881. 
Age at beginning of experiment seven weeks. 

General daily diet eaten by 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.cms., sodium chloride l to 3 gms., and 
oatmeal 30 to lOO gms. 

The diet of 878 war:; the same except that l c.cm. of olive oil was 
replaced by l c.cm. of cod-liver oil, thus allowing the effect of the 
radiations 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 of the food was radiated. 

The foodstuffs exposed to the ultra-violet radiations, i.e. oatmeal 
(877), porridge (879), and olive oil (880): were spread out in thin 
layers in photographic 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 l! 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 . hown in Figs. 97, 98, 99, lOO, and lOL 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. lOO (olive oil radiated), is 
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nearly normal, 878, Fig. 98 (l c.cm. cod-liver oil), is normal. It 
is necessary to state that, although 877 (oatmeal radiated) 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 
weaknes~. This corn bination of slight rickets and great muscular 
weakness is unusual. In the case of 881 (no radiations) the animal 
has developed muscular weakness and severe rickets, which is 
usual with this diet. 

Dwntion up 
Initial 

Weight at 
Radiographic Tesults 

So. of , Diet. to time of time oj 

F:xpt. Variable. mdiograph. weigld. mdiograph. 
(see Figs. 97, }18, 

Weeks. Gms. Gms. 
99, 100, and 101). 

877 Oatmeal 6 1460 2860 Comuwllcing 
radiated Rickets 

878 1 c.cm. of () H40 2850 Normal 
cod-liver oil. 
No radiations 

879 Oatmeal 6 1580 3150 Commencing 
cooked and Rickets 

radiated 
880 Olive oil G 1500 3020 Commencing 

ra.tliated. Rickets 

1 

Oatmeal not 
radiated I 

881 No radiatious 6 1800 3170 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 has been 
reduced. Similarly, exposure of the olive oil of the diet has 
conferred upon it anti-rachitic properties tending to inhibit the 
oatmeal eftect. 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-rachitic 
effect of the diet conferred by irradiation as carried out in the~e 
experiments is smaller than that exerted by one cubic centimetre 
of cod-liver oil. In the appraisement of the practical value of 
ultra-violet radiations, so far as one aspect of their physiological 
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 radiation~ of a mercury-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 con­
ditions described 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 
conditions constant, results in great differences in the intensity 
of the disease. It has also been shown that the cereal rickets­
producing action can be antagonized or modified by (l) the presence 
in the diet of foodstuffs containing the anti-rachitic vitamin, such 
as cod-liver oil, milk, egg yolk, cabbage, &c., (2) exposure of the 
skin or the cereal to ultra-violet rays, 'vhich probably act by 
mobilizing and activizing latent stores of anti-rachitic vitamin in 
the body and (3) the presence of salts containing calcium 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 intiuences 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'~ It is obviously 
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 MOIETY OF CEREALS. 

Partly because carbohydrate is quantitatively the most important 
constituent of cereals and partly because this substance i~; 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 diet 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 the 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 carbohydrate content of 
some of the cereals (Sherman [19]). 

TABLE 18. 
Per cent. Per cent. Per cent. 

Carbohydrate. Protein. Fat. 

Oatmeal. 67·5 16·1 7·2 
Rice 79·0 8·0 0·3 
Wholemeal flour 71·9 13·8 1·9 
White flour 76·4 7.9 1·4 
Barley 77·8 8·5 1·1 
Rye 78·7 6·8 09 
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It will be noticed that oatmeal, the worst offender so far as the 
production of rickets is concerned, 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 case, it would be wrong to discount 
completely the part played by carbohydrates in problems of bone­
calcification of growing animals. The more rapid growth which 
may result from additional carbohydrate in the diet will obviously 
call for a larger supply of those substances such as anti-rachitic 
vitamin and calcium essential for bone-calcification. Increasing the 
carbohydrate of the diet would be expected to bring about larger 
bones and, if the calcifying vitamin is deficient, relatively more 
defectively formed bones. Although, therefore, the part played by 
carbohydrate will not be considered further in this publication it is 
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 ascribed nutritional disorders in 
children following the ingestion of excessive cereal to its carbo­
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 described, and then further experiments dealing with 
the action of other cereal constituents will be dealt with. 

(i) The .Absolute and Relutive Arnm~nts of Calciun1 and Phosphorus 
in Cereals. 

It is clear that the development of rickets must ultimately be 
brought into relationship with defects in the calcium and 
phosphorus metabolism. The diet of growing animals must contain 
sufficient calcium 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. 

'rhe 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 calcium or of phosphorus or 
of both of these elements affords the explanation of the disease. 
Dibbelt [20], Heubner [21]. On the whole, however, this point of 
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view has not been generally accepted (Paton, Findlay, and Sharpe 
[22]). So far as human rickets is concerned I have discussed in an 
earlier publication r 1 d] the question of calcium deficiency in the 
diet and shown how a diet deficient in anti-rachitic vitamin is often 
deficient in calcium, so that, although a deficient intake of calcium 
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 a J 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 investigators including 1\fcCollum 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 calcifying vitamin, but 
must also be deficient in phosphorus or calcium, or must contain 
these elements in unbalanced amounts. Some investigators working 
in England on the same subject (Korenchevsky [23 a, b ], Goldblatt 
[24 J &c.), 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 
abnurmality in the calcium and phosphorus content of the diet. 
There is, however, but little doubt that a dietetic deficiency of 
calcium or phosphorus added to a vitamin deficjency assists the 
development of rickets in rats just as it does in puppjes (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 calcium and phosphorus, might throw some 
light on the variable rickets-producing effect of the different cereals. 

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

TABLE 19. 
Per cent. Per cent. 
Calcium. Phospho~·u.<;. Ca. P. 

Oatmeal . 0·069 0·392 1 5·7 
Rice 0·009 0·096 1 10·7 
White flour 0·020 0·092 1 4·6 
Whole meal flour 0·031 0·238 1 7·7 
B<~rley 0·020 0·181 1 9·0 
Rye flour 0·018 0·289 1 16·1 
Wheat germ 0·071 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 0·069 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 calcium and 
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phosphorus producing a greater defect in the deposition of 

calcium 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 calcium and 

phosphorus ingested, and therefore the absolute amount of these 

elements in the diet cannot be of decisive importance. 
It may be well to emphasize in this place, what I have previously 

stated elsewhere [ 1 g.], that these experiments dealing with the 

effect of cereals demonstrate the insignificance of phosphorus 

deficiency in the diet in the aetiology of rickets. Much stress has 

been laid by some American workers [ll 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 phosphorus 

metabolism. rrhe results here described suggest that too much 

emphasis has been given to this aspect of the subject. 
But, while the absolute amounts of calcium and phosphorus in the 

cereals do not explain their action in interfering with bone-calcifica­

tion, it is necessary to consider the possibility of the relative amounts 

of these mineral elements being of 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 

t bran disease' or ' millers' horse rickets' developing in animals 

overfed with wheat offal. Weiske [26] found that the weight of 

the skeleton and the body weight of rabbits were increased when 

calcium carbonate was added to a diet of oats. The addition of 

sodium acid phosphate to oats resulted in a skeleton lighter in 

weight than when oats alone were eaten by rabbits. I have also 

suggested [1 d] that excess of phosphorus as compared with calcium 

might explain the rickets-producing effect of acid-caseinogen as 

compared with casein produced from milk by rennet. Acid­

caseinogen contains no calcium but a fairly large amount of 

phosphorus, while casein 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-acid, 

and this in its excretion deprived the body of some of its calcium. 

The importance of the relative amounts of calcium and phosphorus 

in the diet has also been pojnted out and emphasized by McCollum, 

Simmonds, Shipley and Park [ 4 b, c]. As the result of their work 

on experimental rickets in rats they state that 'in so far as calcium 

and phosphorus are concerned the physiological relation in the diet 

between the two is of infinitely greater importance in increasing 

normal calcification than the absolute amount of the salts them­

selves'. 
Sherman and Pappenbeimer [16 b] have also stated that the 

quantitative relations of the inorganic ions are of greater importance 

than an absolute deficiency of any one of them. 
Other evidence of the importance of a balanced calcium-phosphorus 
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intake is atlor<led by the experiments of Goldhlatt [24 1>], who 
found that increasing the calcium carl>onate of a diet, previously 
used l>y Korenchevsky [23], so that the calcium-phosphorus ratio 
was altered from 1: 0·80 to 1 : 0·20 transformed a non-rickets-pro­
llucing into a definite rickets-producing diet. 

From another direction also evidence is forthcoming that the 
balance of calcium and phosphorus intake is of importance in all 
prol>lems of calcium and phosphorus metabolism. It has 1Jeen 
shown for instance that an excess of calcium in the diet results in 
a larger amount of phosphorus being excreted in the faeces and less in 
the urine (Riesell [27 J, Lehmann [28], Strauss [29], and Herxheimer 
[30], &c. For a review of this subject .·ee Forbes and Keith [31 ]). 
It appears that, although additiorml calcium in the diet slightly 
increases the amount absorbed, as is evident from the small increase 
in urinary calcium excreted (Rtidell [321), the phosphorus of the food 
is retainell to a large extent in the alimentary canal by the extnt 
calcium and its absorption into the circulation inhibited (Telfer 
[331)· Similarly under some conditions an increase in the phos­
phorus of the food as by adding sodium acid pho~::~phate resultH 
in an increase in calcium content of the urine and a diminution of 
faecal calcium (Telfer [33 ]). Thus it is clear that altering the 
l>alance between the calcium and phosphorus intake is capal1le of 
"influencing greatly the absorption of Loth sul ,stances and of 
altering the supplies of each available to the body for assimiltttive 
purposes. 

rrhe facts suggest that in searching for an explanation of the 
action of cereals the calcium-phosphorus ratio of these substances 
must receive consideration. In Table 19, page 47, this ratio is set 
out. It might Le expected that oatmeal and wheat germ, which 
have been shown to possess the most potent rickets-producing 
effect, would have a comparable calcium-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 flour have calcium-phosphorus ratios of the same order, 
i.e. 1 : 5·7 and 1 : 4·6 respectiYely, whereas rice and wheat germ 
have much higher ratios (1: 10·7 anll 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 described is due to 
a relatively large content of phosphorus as compared with calcium. 
It has <tlso been shown that oatmcnJ contains actually much more 
calcium ~tnd phosphorus than the other cereals examined (Ttt ble 19) 
so that no solution of the problem seems obtainable in this 
di:r;ection. 

While the action of cereals cannot Le ascribed to their calcium­
phosphorus content, there is no doubt but that their efl'ect on bone­
eR.lcification can be greatly modified by altering the calcium ancl 
phosphorm; of the diet, even when the anti-rachitic vitamin is very 
deficient. It has been shown above for instance that the a1ldition 
of ccdcium carbonate to the rickets-producing diets inhibited 

(4560) D 
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rachitic changes to a varying extent according to the amount of 
cereal eaten and the rate of growth of the puppy. Calcium 
phosphate also had a beneficial effect under the same conditions but 
to a less degree. In other experiments it ,~tas found that calcium 
acid phosphate in the diet also improved bone-calcifi~ation. The 
anti-rachitic effect of these salts is not, however, suffiCiently potent 
under the~e conditions to lead to the belief that the calcium­
phosphoru~ content of cerealR holdR the secret of their rickets­
producing action. 

(ii) 'Pl1e Pw,t Played by Othe1' 1llinet·ul Uon~tiia~ent;; of Ce'i'ea,ts 
an(l the Acid-B((se Bcdnnce. 

While attention has been so far confined in this discussion to a 
consideration of the part played Ly the calcium and phosphorus 
in cereals, the other mineral elements must 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 Lone lesions in horses when they contain a relative 
excess of potassium to sodium. It has also been observed that, 
not only i:-; the calcium in the various grains and their derivatives 
small, but that the ratios of magnesium to calcium and potassium 
to sodium are high. -

From their experience of rickets in pigs, Elliot, Crichton, and 
Orr [ 35] considered that the main cause of this disease was abnor­
mality in the salt content of the food. They found that the 
addition of calcium carbonate and sodium hydroxide to the diet of 
oatmeal, white bread, cod-muscle, 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, 
Golding, and Drummoncl [34 J have produced rickets in pigs on diets 
containing abundant calcium and phosphorus and in not unbalanced 
proportions when the fat-soluble vitamin was deficient. 

The frequency with which the cause of rickets has ueen ascribed 
to an 'acidosis' suggests that the rickets-producing 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 beneficial action of the alkaline mixture (calcium carbonate and 
sodium hydroxide) used by Elliot, Crichton, and Orr in their work 
on rickets in pigs. On the other hand, in direct opposition to the 
' acidosis ' hypothesis, it has recently been stated by J ones, J ames, 
and Smith [36] that rickets can be produced in puppies when 
eating a complete diet, if its potential alkalinity is raised by the 
addition of potassium phosphate, and that this action of the diet 
can be prevented by adding to it hydrochloric acid. 

It has also been seen above that calcium carbonate has a 
:-;tronger an~i-rachiti.c. effect ~ha~1 calcium. phosphate in puppies 
under certain cond1tions of (het, and 1t may l 1e that thiH 
superiority is in part due to the acid-neutralizing effect of the 
carbonate. While these facts suggest the importance of the acid­
base balance of the atJhed mineral constituent~ or the diet so far 



~ 

lt 
.n 
le 
nt 
U1-

t-

:JIODE OF ACTIOX OF CEREALS 51 

as the C<.llcification of honet; i8 concerned, there are other considera­
tions which indicate that the problem is too complex to be settled on 
such a simple basiR. 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 
Yolatile 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 alimentary canal, and others 
only with difficulty, while physiological mechanisms of defence 
ao·ainst acidity and alkalinity are manifold and include not only 
b~ffering mechanisms and the supply of neutralizing agents such 
as ammonia and carbon dioxide but a system of control of respira­
tion, urinary secretion, and sweat gland activity, which ensures an 
almo':lt 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
l_,ase property of the mineral content of cereals will prove to be 
the controlling mechanism of the facts described. 

Other evidence bearing on this question of acid-base balance and 
rick et includes that of l\lcCollum, Simmonds, Shipley, and 
Park [ 4 cl], who found that the substitution of calcium chloride 
for calcium 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 calcium chloride for calcium lactate, or 
the addition of ammonium chloride converted a rickets-producing 
to a non-rickets-producing diet, while the addition of sodium car­
bonate acted in the opposite way. 

There is obviously great discrepancy between the results and 
conclusions of the different investigators, 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 Le a quantitative expression of the 
extent to which either the acid-forming or the base-forming 
elements in different foodstuff." 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 othe1~ 
foodstuffs whose influence on the development of rickets is known. 
The figures in Table 20 were taken from Sherman's Food Pro­
ducts [ 191, and were obtained by calculating from the amounts of 
acid-forming elements the volume of normal acid which these 
elements could yield, and similarly 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 called the 
'potential acidity' or' potential alkalinity' of the substance. The 
figures given indicate the balance of acid-forming and base-forming 
elements contained in lOO caloric portions of each food: 

(4560) D 2 
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TABLE 20. 

Foodstu.o: 
Oatmeal • . 
Whole wheat flour 
White flour. 
Rice . 
Bnrley. . 
Milk (whole) . 
Milk (skimmed) . 
Beef (Can) 
Cabhage 
Canots 
Eggs 

Excess of 
Acid. All,ali. 

3 
3·3 
2·7 
2·7 
2·!) 

7·5 

2·6 
5·0 

18·0 
2-!·0 

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 much 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-calcification 
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 foodstuffs 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 mu~t be concluded that the acid-base ratio of the mineral 
elements of foodstuffs is of but small relative importance in their 
action on bone-calcification, and certainly does not afford the 
explanation of the cereal effect. 

C. THE AcTION OF Sol\IE OTHER CEREAL 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) nucleic acid (ii) the fatty substances. 

(i) Ntwleic Acid. 

It is known that both oatmeal and wheat germ contain larger 
amounts of nucleic acid than are found in most other cereals. It 
is true that, so far as I am aware, there has never been reason to 
believe that the nucleic acids are toxic, 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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preparation of nucleic acid made from yeast was used. No doubt 
it would have been more appropriate had the nucleic 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 Os borne 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 nucleic 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 cl-ribose as in the case of yeast 
nucleic acid. 

Seven experiments were made to test the action of nucleic acid 
<>n rickets. To diets made up of separated milk, bread, meat, olive 
oil, and orange juice, the commercial preparation of nucleic acid 
(l 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 nucleic acid was added in 
fairly large e_tuantities 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 special 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 nucleic acid is the substance in cereals 
responsible for the rickets-producing effect of these foodstuffs. 

(ii) Fatty f''ubstances. 

Another chemical constituent of a distinctive nature present in 
appreciable quantities in oatmeal and wheat germ is fat. It will 
be seen from the figures on p. 45 how 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 
ascribe many of the supposed 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 far a 
bones are concerned. 

In the case of wheat germ there was already evidence from the 
experimental work of McCollum, Simmonds, and Pitz [ 40] that 
something in the germ that could be partially extracted by ether 
was capable of exerting a toxic action. They pointed out that, 
although wheat germ contained protein of good biological value, 
some v1tamin A and abundant vitamin B, yet it interfered with the 
growth of their rats on synthetic diets when it formed too large a 
portion of their diets Its action could be overcome in some degree 
by 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 eaten. 
They could not decide whether the toxic product of germ was the 
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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;: ::\!iller, and McCollum [ 41 J 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
beri 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 deficiency 
of vitamin B. In these feeding experiments on swine the toxic effect 
of the wheat could be greatly mitigated by additions to the diet of 
alfalfa and commercial meat scraps. It was suggested that the 
beneficial effects of these additions were clue to their vitamin A 
content, the i-alt mixture, better proteins. and a liberal supply of 
calcium phosphate. 

Osborne and 1\-Iendel [3] were unable to confirm the results of 
l\lcCollum, Simmonds, and Pitz [ 40] aH to the toxic action of 
wheat germ on growing rats, but the diets used by Osborne and 
1\tlenclel were different from those used l>y McCollum, Simmonds, and 
Pitz. They contained: for instance, 9 per cent. butter fat, as 
against 2 to 5 per cent. present in 1\lcCollum's diets. This is an 
important point, because, both according to the results of l\IcCollum 
and his colleagues and the experiments described in the present 
publication, the detrimental effects of wheat germ can be 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 1\IcCollum, 
Simmonds, and Pitz had anything to do with the rickets-producing 
effect of cereals mentioned above. 

Before describing some of the e .. ?periments made to test the 
question as to the influence of the fat content of oatmeal and wheat 
germ on bone-calcification, 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 alcoholic 
caustic soda and solution of the fatty acids into petrol ether. 
200 gms. of cereal, 44 gms. of caustic soda in 40 c.cms. of water 
and 500 c.cms. methylated spirit were heated in a flask with reflux 
condenser for -! 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 directly after heating with soda and then extracting 
with petrol ether. 

The following figures show the amount of the different products 
obtained by the above-described methods. 

Outrr~.,eal. 

On drying loses 9 per cent. of its weight. 
Dried oatmeal, on saponification with soda, giYes 0.15 per cent .. 
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unsaponifial>le suhstances soluble in petrol ether and 7·3 to 8 per 
~ent. saponifiable substances. 

lVheat genn. 
The germ used in these experiments is known as ' conunercial 

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 products the germ has not been 
dried before extraction. 

Commercial wheat germ, on ether extraction in a Sohxlet 
apparatm~, has given 6 to 7 per cent., while acetone extract has 
given 7 to 8 per cent. yield. 

\Vheat germ, after saponification with soda, has given about 
0·5 per cent. unsapouifiable 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 cases 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 hy et.her and acetone, 
the removal was only partial. In the case of oatmeal most of the 
.active substance remained after extraction. 

J\Iany other experiments \Yere carried out using different methods 
of treatment, such as e~~traction with alkaline and acid alcohol solu­
tions. It has not heen possible by these methods to come to any 
certain conclusion as to the nature and properties of a sul>stance in 
oatmeal \vhich has potent rickets-producing properties. 

In view of the uncertainty of the results ohtained as to the 
relation of those fatty substances which could be easily extracted 
from oatmeal and wheat germ to the toxic effect of these foodstuffs, 
it seemed desirable to prepare the total sa.ponifial)le and unsaponifi­
able substances soluble in a fat-solvent and to test their effect. 
These substances were therefore prepared as descrilJed ahove, and 
their action tested in a few experiments. This part of the investi­
gation is lJeing actively pursued, and the present results must he 
regarded as of a preliminary nature only. 

The following series of experiments is a record of one investio·a­
tion carried out on these substances. 

Effect of ::Jul;onifiable and Unsuponiticd,fe ;'ttbstunce;:; of Oahneal 
an(l lrheat Ge?'nt. 

Expui·ntents 802 to 807. 
Age at beginning of experiment: 7 weckr;. 
Diet eaten by all included separated milk powder :20-30 gms., 

meat 10 gms., white fiour 30 to 70 gms., orange juice 3 c.cms., yeast 
3-5 gms., olive oil 10 c.cms. 
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In addition, 802 receiYed unsaponifiable substances of germ. 
803 , saponifiable ,, , , 
804 :: unsaponifiable , , oatmeal. 
805 saponifiable , , , 
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 a 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 
ge1~m eaten by 807. Suppose 806 on a particular day received 
lOO 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 lOO 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 
lOO gms. of white flour, together with amount of unsaponifiable 
and saponifiable products that can he obtained from lOO gms. of 
oatmeal, i. c. 0·15 o·m. and 7 gms. respectiYely. 

T_\BLE 21. 

No. of 
Expt. 

Diet. 
rariable. 

Dura- [ Weight. 

tion of, I 1 

JVeeks. gm~. gms. 
lJ(lX 

[}IllS. 

Expt. 1Initial. Finul.

1 

8~~ Unsaponifiablel12! 1010-~3320 -3-5-20-
substances in I 

0'€1'111 I 
03 Sap~nifiable 12} 

1 
116.) 3000 

substances in 
I germ I 

804 

1

1 UnsaponifiaJ,lc 1:2i 1083 I :31:,00 
substances in 

oatmeal 

3080 
after U! 
,,·eeks-

3800 

805 Sal>OnifiaLle 12l 12:20 2Wl0 29 0 

I CaO in Femur Slwjt. 

Percentage. I Amou~tf. 
I Dry. 1 F?·esh. r.JinS. 

20·1 13·0 0·73 

15·2 9·3 0·45 

1~l·6 13·6 0·1\7 

17·0 0·8 0·33 

8061 

so7 I 

substances in 
oatmeal 
Control 13 1163 I 

nfter ()~. 
\\'l'ek:::. 

3600 3600 I 

3730 3730 1 

17·7 12 ·0 0·61 

Germ 13 1325 10·7 0·70 

-------

Histology. 

Practically 
normal 

1Slight rickets, 
more osteoid 
tissue than 
806 and 802 
Practically 

normal 

Bad rickets 

light rickets 

Figs. 85, 86, 87, 88, 89, ancl 90 are radiographs of these animals 
taken after 12! weeks of the experimental diets. It ·will be seen 
that the bones .of 80~2 (Fig. 85), 803. (Fig. 86), ~nd 806 (Fig. 89), are 
normal, 807. (F1g. 90) s!wws ~ome nck~ts, ~h1le 805 (Fig. 88) has 
Yery bad nckets. HistologiCal cxannnatwn of the bones is in 
general agreement with the radiographic results. 803 has rather 
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more osteoid tissue than 802 and 806, hut not so much as 807 and 
805. Figs. 91, 92, and 93 are photomicrographs of the costo­
chondral junction of 806 (control) (Fig. 91), 805 (saponifiable 
oatmeal) (Fig. 92) and 807 (wheat germ) (Fig. 93). They show 
clearly the amount of calcification in the bones of the different 
animals as well as the disorganization of growth in 805 and 807. 

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

The 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 ( saponifial lle su Lstances of oatn1eal) went off its food and 
lost weight progressively till the end of the period. 803 (saponifi­
allle substances of wheat germ) also ceased about this time to finish 
off its ration, and its rate of increase 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 common, but the explanation is not 
known at present. Post-mortem examination did not reveal that 
the oatmeal preparation was a gastro-intestinal irritant. 

rrhe outstanding result of this series of experiments is that the 
substances in oatmeal which are saponifiable have produced severe 
rickets (805). rrhe unsaponifiable substances in oatmeal and germ 
have certainly not had tt rickets-producing effect (804 and 802), 
and, in fact, there is some suggestion in the evidence that they have 
had an anti-rachitic action. 'lhe animal eating commercial wheat 
germ (40 per cent. of cereal) has developed fairly bad rickets 
(807) a 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 etfect on bone-formation such as appeared in 805 (saponi­
fiable substances of oatmeal), but the relatively low percentage of 
calcium oxide present in the femur shaft indicates some interference 
with the depof'ition of calcium salts. It is necessary to remember, 
however, that 800 only received on an average 2 to 3 gms. of 
fatty acid from germ as compared with 5 grns. of these substances 
from oatmeal added to the diet of 805. The addition of wheat 
germ to the extent u~ed in these experiments, i.e. up to 40 per cent. 
of the total cereal, has never intensified the rachitic condition of 
puppies so severely as oatmeal (100 per cent. of cereal), so it is 
possible that the interference with Lone-calcificatiou evident in 803 
may be an indication that the fatty acid derivatives from germ 
contain a ·nutll amount of the substance responsil>le for the action 
of' commercial wheat germ'. 

'Pf,e A.ctiun uf Cmnui~ted Suponifiuble and Uttsapo niriuJJle 
f:)uu8ta nce8 in Oatmeal and TYheat Genn. 

In the previous experiments the action on calcitica.tion of the 
saponifi<tbleand unsaponitiab1e substances of oatmeal and comlllercial 
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wheat germ were tested separately. In the case of the oatmeal 
products the Aaponifiable substances resulted in intensification of 
the rachitic changes, whereas there was a slight indication that the 
unsaponifiable substances bad an anti-rachitic effect. As regards 
the latter point, the fact that the control animal was only slightly 
rachitic at the end of the experiment did not allow any more 
definite deduction as to their action. In the following experiments 
the saponifiable and unsaponifiable substances were added together. 
'The oatmeal and wheat germ were boiled up with alcoholic soda; 
the mixtures were then acidified and extracted with petrol ether, 
and the soluble portions used in the following experiments. 

Expe1·irnetds 847 a ~Lcl 848. 
Age at beginning of experiment : 7 weeks. 
General daily diet eaten by the puppies consisted of sepal:at.ed 

milk powder 20 gms., meat 10 gms., yeast 5 gms., orange JUICe 
3 c.cms., sodium chloride 1-3 gms., white flour 50 to 90 gm;:.;. 

847 ate this diet only. 
848 received, in addition, the saponifiable and unsaponifiable sub­

stances present in an amount of oatmeal equal to the white flour 
eaten at any period. The total amount of oatmeal product eaten by 
848 varied, increasing as the amount of white flour eaten increa. ed. 
During most of the experimental period about 4·5 gms., representing 
the amount of saponifiable and unsaponifiable suhstances in 
50 to 70 gms. of oatmeal, was added to the diet of 848. 

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. 
'l'he saponifiable and unsaponifiable substances of oatmeal acting 
together had, therefore, exerted a rickets-producing effect, but this 
appeared to Le smaller than the effect of the saponitiable substances 
of oatmeal acting alone. Apparently either the unsaponitiable 
substances had exerted an anti-rachitic action, and thereby neutral­
ized some of the rickets-producing effect of the saponitiable 
~ubstances, or that part of the substance responsible for the result 
in Exp. 805 Fig. 88 was either not extracted or was destroyed at 
ome unknown stage in the preparation of the material used in 

Exp. 848. Which of these suggestions accounts for the aboYe results 
can only l>e decided l>y further experimental "-ork. It might be ex­
pected that the unsaponifiable substances in oatmeal would be anti­
rachitic, for there is no doubt Lut that gTains such as oats contain 
some fat-soluble Yitamin, and it is generally recognized that this 
vitamin or these Yitamins are af'.sociatcd with the unsaponi:fiable 
})art of the fat. 

These experiments dealing with the fat of cereals suo·o·est that 
some of the rickets-producing effect of oatmeal will ulti~1~ately be 
traced to its fatty acid content. The product obtained by the 
saponification method has a loathsome smell and is toxic to 
animals, and this makes it difficult to carry through successfully 
experiments made to test its effect on bone-formation. In several 
other series of experiments the animals taking it have become ill 
and refused to eat their food after about a month of the diet, and 
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this period is too short to allow clear (leduction as to the specific 
effect of the sub -tance on bone-calcification. 

The question arises as to whether the rickets-producing effect of 
the saponifiable snhstances in oatmeal 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 
Lttty acids. 

l\Iost of the feeding experiments with fatty acids do not suggest 
that onlinary acids in general lmve 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 indicated that within limits fatty acids are dealt with in a 
"imilar 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 calcium or is responsible for the 
chronic ill health and rickets such as appears to be brought about 
l,y 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 is 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 'Yas any evidence in these 
experiments of the toxic factor in wheat which, according to Hart, 
}filler, and ~lcCollum [ 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 ahnormalities 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 l)ecome weak ancl often 
paralysed, e pecially in the hind legs. In some experiments, 
however, it seemed that commercial wheat germ bad a peculiar 
effect of its own. For instance, both in 803 (saponifial1le sub­
stances of wheat germ) and 807 (wheat germ) the animals 
developed a peculiar nervous condition~ the most olwious feature 
of which was the inal1ility to walk or run straight. The animals 
seemed to lose their sense of balance and their heads moved 
from side to ide 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 ancl partly because of muscular 
weakness. These conditions were not obviously related to the 
development of rickets because, as explained above, 803 was 
practically free from rickets and yet was the more affected of the 
two clogs. The other animals of this litter, even 805 (saponifiable 
ubstances 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 ma(le 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 conditions. Evidence for the presence of 
, a constituent of germ partially removed by ether extraction, and 

capable of acting on the nervous system and especially of bringing 
about loss of balance, is fairly strong in these experiments, but i 
not conclusive. If this substance is also present in oth~r cereals, 
it must be in smaller amounts than in wheat germ. On the other 
hand, the substance in oatmeal which interferes so strongly with 
Lone-calcification is present in smaller amounts in wheat germ. 
It would Le interesting if it should prove that the (lifferent effects 
of toxic action produced by oatmeal and wheat germ, when forming 
large parts of diets deficient in anti-rachitic vitamin, should depend 
on different substances both of which are associated with the fatty 
acid fraction. 

The rickets-producing effect of cereals has now l>een considered 
from different points of view, and, although the experimental 
evidence described al>ove is of a preliminary nature, it suggests that 
two factors, at least, are responsible for the effect. One of these is 
the part of the grain which allows increased growth. The second is 
probably some chemical conetituent which interferes with the 
calcification of the growing bone. . 

As regards the first of these, although to the carbohyllrate content 
of cereals must be apportioned some part of the responsibility for 
growth, the protein present in them must also be considered as of 
importance in this connexion. If cereal~:; contained some factors 
which hastened calcification processes in hone, 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 potency, but, in the one cereal more closely 
examined, namely oatmeal, there is evidence of a chemical l>ocly 
which actively interferes with the mechanism for laying do,vn 
calcium salts in the hones. 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 ~ame 
factor in oatmeal. 

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 described above showing the interfering effect of the fatty 
acid content of oatmeal on bone-calcification should prove to be 
specific 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 w::ts 
used in their preparation. As regards the mode of action of the 
substance, its influence is so diametrically opposed to that of the 
anti-rachitic vitamin that the possil>ility of it being an anti-vitamin 
suggests itself. This, however, is pure speculation. Not only does 
it interfere with the laying down of calcium in bones and also, a 
s~own 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 Rome extent 
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interchangeable, so are the cereal influence anLl the radiation 
opposed in their action. The same kind of antagonism seems to 
extend to other organs, and more especially to the formation and 
activity of the voluntary muscle (Cliftord, Surie and E. l\Iellanhy, 
Communication to Physiological • 'ociety 1923, K OY. ). 

It would be interesting if it should prove that there is a specific 
substance interfering \vith calcification related in ~omc way to the 
fatty content of oatmeal, especially in Yiew of the fact that the anti­
rachitic factor is classed as a fat-soluble Yitamin. However, it has 
been pointed out al IOYe that, unlike fat-soluble vitamin, which i, 
said to Le associated more closely with the nnsaponifiable fraction, 
the rickets-producing sul ,stance in oatmeal is absent from this 
fraction. 

It is clear that just as the subject of nutrition has had to be 
revise,_l in the light of recent work on Yitamins, so also the sturly of 
the action of cereals described alJove, bringing evidence of another 
ubstance and possil,ly a class of sul,stance ·. 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 preYiously imagined. For instance, the 
question of mineral salt halance ha::; generally been considered as 
a self-contained subject. But even in the case of calcium it is now 
evident that calcium metabolism is controlled apart from salt balance, 
by a serie::; of dietetic factors including, among others, the anti­
rachitic vitamin, awl the substance in oatmeal and probably other 
cereals. In a.Lhlition, the enviromnent also influences the same meta­
bolic proce s by means of the ultra- ,·iolet radiations to \V hich the 
organism and, in some cases, the foodstuff is exposed. It \Yould 
appear useless to attempt to e_-plain the deposition of calcium phos­
phate in lJone in terms of mineral salt metal)olism until more is 
kno\Yn a1 tout the dietetic and environmental factors which control 
so powerfully the distribution of the~e elements and the changes 
undergone by them in the body. 

Evidence is accumulating which suggests that the subject of toxic 
product· in cereals may l,e one of great importance. In the light of 
thi "·ork demonstrating the interfering action of cereals on bone­
calcification, and the experiments in which beri-beri-like symptoms 
were produced by Hal't, Miller, alHl :JlcCollum [ 41 J in pigs by feed­
ing with whole grain, it appears not improhal 1le that the symptoms 
and 'lign, of pellagra found among maize-eating populations may 
be due, partly at leaf.;t, to some toxic agent in the maize. It is 
possil,le that this aspect of nutrition may 1 ,c developed aml its 
importance emphasized when further attention is given to it. It i 
an intere:)ting fact that toxi<.: conditions which can 1 ,e produced or 
are a sociated with different cereals only 1 1ecome e\'iclent under 
certain con clition . and that othe1· dietetic factor~ when eaten in 
sufficient amount~ are able to antagonize and prevent the detri­
mental re. ults. The recognition of 'deficiency disea~es' and their 
prevention in some cases by Yitamins was responsible for the intro­
duction into dietetic phraseology of the \Yords' protective foodstuffs'. 
Foodstuffs rich in anti-rachitic vitamin are certainly 'protective' in 



62 EXPERL\lEN'l'AL RICKETS 

that they improve the general nutrition ttnd prevent the (_levelop­
ment of certain pathological con<litions, but the '3Vi<lence given 
above demonstrates that one important and unsuspected way in 
which they protect is lJy preYenting the toxic action of certain 
constituents of other foodstufi~'3. 

VII. SUJ\11\fARY OF RESULTS. 

In this report, which is a continuation of the investigation puL­
lished in No. 61 of the Special Report Series (Medical Rc::;earch 
Council), I have described experiments made with the object of 
developing another aspect of the problem of rickets. Evidence 
has been given which shows that some cereals and cereal products 
have a powerful interfering influence on bone-calcification, varying 
with the amount and type of cereal eaten and with the general 
make-up of the diet. 

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

The action of cereals on bone-calcification is antagonize<l to 
varying degrees by foodstuffs containing the anti-rachitic vitamin. 
As might be expected, cod-liver oil is much the most effecti\·e. ub­
stance in this respect, and is capable, even in small quantities, of pre­
venting the cereal action. \Vhole milk, in fairly large quantities, 
and egg yolk are also potent antagonists to the cereal effect, l>ut 
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-rachitic effect of separated milk, either when 
working in conjunction with butter-fat or in an independent 
way, is more potent than can be accounted for by its calcium 
content alone. 

Even when the diet is greatly deficient in anti-rachitic vitamin, 
increasing its cttlcium content, either by adding calcium carbonate, 
ealcium phosphate, or calcium acid phosphate, hinders to some 
extent the development of rickets. Under these circumRtances 
ealci~m carbonate is more effective than calcium phosphate. 

Evidence is also given to show that the detrimental effect:;; of 
cereals, which become prominent in diets deficient in anti-rachitic 
vitami~1, can often be antagonized to some extent either by exposing 
the ammal eating them to some source of ultra-violet radiations or 
by exposing the cereal itself to the same radiations. 

As regards the method whereby cereals bring about this rickets­
producing effect two different 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 oTowino· oro·anism and leads to its oTowth if' 0 0 0 ' b 
probably partially responsible. In this way the carbohydrate and 
~he protein woulc~ lJe involved. In the second place there is present 
In the ?ne c~real tested, namely oatmeal, a chemical grouping which: 
af~er digestwn and absorption of the grain, is capable of interfering 
With bone-calcification. After many attempts had been made to 
explain this action in terms of known constituents of cerealf: and to 
find out the nature of the causative agent or agents, some evidence 
has finally been obtained which suggests that a substance in oatmeal 
which interfere with the laying· down of calcium in bones is 
associated with the fatty acids. '.rhis substance can be obtained by 
saponification of oatmeal with soda and extracting the acidified 
mixture with petrol ether. 

Further work is necessary to estalJlish 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 calcium 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 less cal­
cium and phosphorus than oatmeal, but results in better bone-forma­
tion, when the anti-rachitic vitamin intake is de:(icient, because it 
contains much less of the substance or substances interfering with 
ossification. 

Since the anti-rachitic Yitamin supplies in the food and expmmre 
of the animal or of the food eaten to ultra-violet radiations tend 
to conserve ingested calcium and phosphorus for the use of the grow­
ing organism, and since the cereals work in the opposite direction, it 
is evident that the amount of calcium and phosphorus 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 1 >ones. In 
view of the evidence of interaction and balance among food consti­
tuents provided by this investigation, the value of the expression 
'optimum calcium content of a, diet' so commonly used in dietetic 
descriptions and discussions nowadays must be doubted. The opti­
mum Yaries every time the other elements of the diet are change(l. 

There are one or two practical points of dietetics which arise out 
of these experimental results. The challenge, for instance, imme­
diately may be made, if oatmeal is so detrimental to bo~e-fon:nati?n, 
how is it that fine races of men have been reared on diets of whiCh 
this cereal forms a large part? I£ 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, 4-4 u), then it is 
highly probable that the diet of these people also included much 
of foods rich in anti-rachitic vitamin, as, for example, milk, eggs, 
fish of the fatty variety, including herring, salmon, mackerel, &c. 
In tropical countries where cereals such as rice, maize, millet, form 
a large part of th~ ?iet, th~ sunli.ght is n? doubt also an important 
factor in antagonizmg their detnmental mfluence. 'Vhether these 
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answers are entirely satisfactory or not only further investigation 
can determine, hut the present work does show that perfect bone­
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 cases of malnutrition seen in human beings can be easily 
reproduced in animals by feeding them on foodstuffs which bulk 
largely in the national dietary along the lines described 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 <tnd calcium, and where sunshine is negligible, 
the ingestion of oatmeal 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 included here, for it would necessitate the 
. tudy not only of the protein and vitamin content of wheat embryo, 
including vitamins A and B and the newly-discovered vitamin con­
cerned with fertility anll said by Evans and Bishop [ 47] to be 
abundant in this part of the grain, but also of the toxic product or 
products present in it. It may be "\Veil, 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 
germ' 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 large quantities of cereal offal, 
including germ, certainly can and does lead to detrimental results, 
which can, however, be easily avoided by adding other foodstuffs of 
the right nature. To those who ascribe special virtues to various 
grains because of their calcium and phosphorus content, the 
experimental results above described ought to bring a '3pecial 
message of caution. 

}Iiss Dorothea Selby, B.Sc., and Miss Ella Surie, B.Sc., 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 clone, was specially erected by the University of Sheffield for 
this purpose. The expenses of this investigation, as of the earlier 
work carried out by me on rickets, were provided by the Medical 
Research Council. I wish to express my thanks to both of these 
bodies. 
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lLLUSrfl-tA'TION~ 

FIGUHE~ 1- 102 





Fws. 1 and 2. Radiographs after 9 weeks of diet. 

FIG. 1. Exp. 502. Diet includeJ 
x gnu . of oatmeal. 
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Fig. 2. Exp. 509. Diet incluued 
2 x grms. of oatmeal. 

11 502 X G. OATfYIEAL 

• 509 ZX G. OATfYIEAL 
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FIG. 3. Weight curves of 502 and 509. 509 grew more rapidly in 
the earlier weeks but began to lose weight after 12 weeks of diet owing 
to severe rickets and consequent loss of appetite. 



:FrGs. 4, 6, and 7. Radiographs after 14 weeks of diet. (Fig. 5. After 12 \Yeeks.) 

:FIG. 4. E:xp. 41 . White flour. Fw. 5. Exp. 419. Rice (unpolished). 

FIG. 6. Exp. 421. Oatmeal. Fw. I. Exp. 422. \Yhole meal flour. 
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FIG. 8. 'V eight curves of 418, 419, 421, and 422. 



FIGs. 9-14. Radiographs taken after 12 weeks of di-et. 

FIG. 9. Exp. 460. vVhite flour. FIG. 10. Exp. 461. Whole meal flour. 

FIG. lL Exp. 462. Oatmeal. FIG. 12. Exp. 463. Barley. 



FIG. 13. Exp. 464. Rice (polished) FIG. 14. Exp. 4C3 . Rice (polished). 
+ 20 per cent. 'commcrci<l l wheat germ '. 
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FIG. 15. Weight cm·yes of 460, 461, 462, 463, 464, nnd 465. The 
falling out of line of 462 (oatmeal) after 12 weeks of Jiet i ·due to the 
development of severe rickets and con ·equent loss of appetite. 



Fws. 16-19. Photographs taken after 15 weeks of diet. 

FIG. 16. Exp. 460. White flour. 

FIG. 17. Exp. 462. Oatmeal. 



Fw. 18. Exp. 464. Rice (polished)+ 20 per cent. 'commercial whe<lt germ·. 

Fra. 19. Exp. 4G5. Rice (polished). 



FrGs. 20, 21, 22, and 23. Radiographs taken after 17 weeks of diet. 

FIG. 22. Exp. 591. White· flour. 

FIG. 21. Exp. 590. Oatmeal. 

Fw. 23. Exp. 592. ·white flour and 
20 per cent. 'commercial wheat germ'. 
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Fw. 2.!. ·weight curves of 589, 590, 591, and 592. Again the oatmeal dog (590) has 
failed to keep up with the others owing to bad rickets and lo::;s of appetite. 



FIGs. 25 and 2G. Radiographs taken after 14 weeks of diet. 

FrG. 25. Exp. 824. White flour. 
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FIG. 26. Exp. 825. White fl our 40 per 
cent. of which was r eplaced by 

·commercial wheat germ'. 

• 824 WHITE FLOUR 

e 825 WHEAT GERM 40% 

60 80 100 120 

FIG. 26 (a). ·weight curves of Exp. 824 and 825. 



Fw::;. 27-32. Radiographs taken after 9 wecl\s of diet. 742 FIG. 27 only received 3 c. c. 
cod-liver oil and 7 c.c. olive oil daily. Others received 10 c.c. olive oil. 

FIG. 27. Exp. 742. Oatmeal and cod­
liver oil ( 3 c.c.) 

FIG. 29. Exp. 74-!. Crushed groats. 

FIG. 28. Exp. 743. 'Vhite flour. 

Fw. 30. Exp. 745. Rye. 



FIG. 27 (a ). Photograph of 742 after 13 weeks of diet 
Oatmeal and 3 c.cms. cod-liver oil. 

FIG. 31 (a ). Photogrnph of 746 after 13 weeks of diet. 
Oatmeal and olive oil. 



FIG. 31. Exp. 716. Oatmeal. 
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Fra. 32. Exp. 7 J7. Crushed ·whole O<tts. 
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FIG. 33. \V eight curves of 742, 743, 744, 745, 746, and 747. 



Fws. 34, 35, 36, 37, and 38. Radiographs of 530, 531, 532, 533, and 534 taken after 20 weeks of diet, i.e. near end of experimental period. 

Fw. 34. Exp. 530. 
Adllitional separated milk. 

Healing process established. 

Fw. 35. Exp. 531. 
Butter and additional 

~wparated milk. 

Fw. 36. Exp. 532. 
Butter. 

IIeali ng established. 
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FIG. 37. Oli,·e oil and additional 
separated milk. Healing chnnges. 

FIG. 38 . Control on basal diet 
only (no fnt) . Henling. 
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FIG. 39. ·weight curves of 530, 531, 5:32, 533, and 534. The rate of incrense 
in weight of these animals varied because of the differences in amount of p1·otein 
and energy-benring suLstances in the respective diets. 



FIGs. J0-45. Hadiographs of 520, 521, 522, 523, 524, and 52;) taken after 21 week::; of diet. 

FIG. 40. Exp. 520. 
Control on basal diet only (no fat) 

Fw. 41. Exp. 521. 
Additional butter 10 grm. 

l''w. 4.2. Exp. 522. 
Additional lmtter 20 grm. 
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Fw. 43. Exp. 523. 
Additional butter 20 grm. 

and calcium carbonate 0·85 gnn. 
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Fw. 44. Exp. 524-. 
Additional calcium carbonate 

0.85 gnn. (no f11t ' . 
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FIG. 45. Exp. 525. 
Additional separated milk powder 

equivalent to 300 c.c. milk (no fat). 
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FIG. 46. \Yeigllt curves of 520, 521, 522, 523, 524, nnd 525. 
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Fw. 51. Weight curves of 74-8, 749, 751 , nnd 752. 
Note early cessation of increase in weight of 751 (olive 
oil) after() weeks :md the J'nll in weight of 752 (butter) 
after 14 weeks of diet. 



J.'ws. 47-.)0. Radiographs of 748, 74:), 750; and 751 taken after 10 weeks of diet. 
Cereal in all cases oatmeal. 

Fw. 47. Exp. 'i'-!8. Butter and 
calcium carbonate. 

Fw. 4!). Exp. 751. Olive oil. 

l<'w. 48. Exp 74!). Butter and 
calcium phosphate. 

Fw. 50. Exp. 752. Butter. 



FIG. 52 and 53. Radiographs of 612 and 613 taken after 17 " ·ceks of diet. 

FIG. 52. Exp. 613. Control. Fw. G3. Exp. 61G. Cnuuage. 
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Fws. 0:3-57. Radiographs of 6~5, 637, nnu 638 tnken after 3:1 weeks of di et. 

Fw. 55. Exp. 6315. Cabbage. 
20 to 120 grm. daily. 

FIG. 56. Exp. 637. Carrot. 
20 t o 120 grm. daily. 

Fw . 57. Exp. 638. Egg-yolk. 
§ to 1 daily. 
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Fra. 58. Weight curves of G35, 637, nnd 638. 
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Fw. 5!) unu 60. Hadiographs of 604 and 606 taken after Hi weeks of diet. 

Fw. 5!). Exp. 60J. Control. Fw. 60. Exp. 606. Egg-yolk 
(g to 1 daily). 
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Fra. 61. 'V eight curves of 604 and 606. 



Fras. 62 to 69. Radiographs of 710, 711, 712, 713, 714, 715, 716, and 717 after 12 weeks of diet. All received oatmeal as cereal and olive oil 
except 716 (FIG. GS) which recen·ed cod-liver oil. 

FIG. 62. Exp. 710. Sodium acid. 
phosphate+ 2 x grm. ontmeal. 

FIG. 63. Exp. 711. Calcium phosphate 
+ 2 x grm. oatmenl. 

FIG. 64. Exp. 712. x grm. 
oatmeal. 
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Fw. 65. Exp. 713. 2 x grm. 
oatmeal. 

.... <:~::r.~.·.·~:;,·,.•·•·~·,...····H'4.' 

Fw. 66. Exp. IH. Ultra-violet 
Hadiations and x ontmeal. 

,...u. {j. ,_ -~~·:"":" .'.):. ~~. ~!:! -

Fw. 67. Exp. 715. Calcium 
cnrbonate anti 2 x gnn. oatmeal. 

See abo Fw. 70 and 72. 



Fw. 68. Exp. 716. 
Cod-liver oilnnd 2 x oatnH•al. 

See also FI<•f:i. 71 nnd 73. 

FIG. 69. Exp. 717. 
Ultra-violet Radiations :md 2 x gnn 

oatmeal. 
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FIG. 80. 'Weight curves of 710- 717. The increase in weight of 712 
and 714 is less than that of the other animals of the litter because they 
received only half the oatmeal. 
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Radiogn1phs of 715 and 716 taken after 2!3 week:; of diet. 

FIG. 70. E:xp. 115. C;~lcium carbonate. 
See abo FI<,s. ()7 anct i'-2. 

Fw. 71. Exp. i'lG . Cod liH'r oil. 
See also FIGs. 68 and 73. 



Photographs of 715 and /Hi take11 after 23 weeks of diet. 

Fw. 12. Exp. 71.3. (),tlcium carbonate. 
See also FIGS. 67 and 70. 

Fw. 13. Exp. 716. Cod-liver oil. 
~ce also FIGf:. 68 nnd 71. 



FIGs /J- 79. Ph otomicrvgraphs of costo-chondn1l junctions of 712, 713, 714, 
715, 716, 717 (Magnification x 6). 

Fw. 7J. Exp. 712. x gnn. oatmeal (see al"o Fw. GJ). 

FrG. 75. Exp. 713. 2 x grm. oatmeal (see also FIG. 65). 



Fw. 76. Exp. 71 -L X grm. Ndmenl nnu ultr;l-Yiolet l'<ldiations. Although rnchitic 
uone ::;hows great improvement as comp;lred with FIG. 74 (control ) . 

(See nlso Fm. 66. ) 

FIG. 77. Exp. 715. 2 x gnn. oatm('al and calcium carbonnte. 
, See abo FIGs. 67: 70, nnd 12.) 



Fw. 78. Exp. 716. 2 x gnn. oatmeal and eod-liver oil (o;ee also FIGs. 68. 71: and 73) 
The most normal junction of the series. · 

FIG. 79. Exp. 717. 2 x grm. oatmeal and ultra-violet radiations (see also FIG. 69). 
Is not much better than 713 (Control) FIG. 75 in spite of radiations. 



Fws. 81 to 8J. Photomicrngraphs (magnification 40) of the costo-chondral 
junctions of 492, 494, 495, and 496. Stained by silver nitrate method witho?t 
decalcification and counterstained haematoxylin and eosin. The black t>tam 
indicate!s caleium salts deposited in the growing bone. 

Fw. 81. Exp. 492. Linseed oil anrl minimum calcium. Rickets and osteo­
porosis, but attempt at healing visible owing to cessation of growth in last fiye 
weeks of experiment. 

FIG. 82. Exp. 494. Linseed oil and calcium acid phosphate. Rickets. 
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:Fw. 83. Exp. 493. Corl-liver oil and minimum calcium. Fairly 
good calcification at growing erlgo but very little 

calcium in deeper trabeculae. 

Fw. 8-1. Exp. 49G. Cod-liver oil and 'calcium acid phosphate. 
Good calcification. 



FIGs. 85 to 90. Effect of saponifiable and unsaponifiable substances of oatmeal and wheat germ. 
Radiographs of 802, 803, 804, 805, 806, and 807 after 12~ weeks of diet. 

0 

FIG. 85. Exp. 802. 
Unsaponifiable substances 

from germ. 

_FIG. 86. Exp. 803. 
Saponifiable substances 

from germ. 

0 

FIG. 87. Exp. 804. 
Unsaponifiable substances 

from oatmeal. 
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FIG. 88. Exp. 805. 
Saponifiable substances from 

oatmeal. 
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FIG. 89. Exp. SOG. FrG. 90. Exp. 807. 
Control (white flour ). 60 per cent. white flour :md 

40 per cent. 'commercial wheat germ'· 



FIGs. 91 to !)3. Photomicrograph:; (mngnification 40; of the costo chondral junctions 
of 806, 805, :1nd 807. 

Bones were not decalcified. Stained with siiYcr nitrate and eosin. 
Bl:1ck indicates calcium. 

FIG. 91. Exp. 806. Control (white flour). See also FIG. 89. 
Slightly abnormal calcification and growth. 

FIG. 92. Exp. 805. Saponifiable substances from oatmeal. 'ee also FrG. 88. 
Cessation of calcification and great derangement at junction. 



Fw. 93. Exp. 807. 60 per cent. white flour and 40 per cent. ·commercial 
wheat germ·. 'ee abo FIG. 90. Derangement of growth at junction. 
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FIG. 94. Weight curves of 802, 803, 804, 805, 806, and 807. ot<• th 
falling off in weight of 805 after 7 weeks of diet owing to <lev lopmeut of 
severe rickets. 



Fws. 95 and ~6. Radiographs taken after 13 weeks of diet. 

FIG. 95 . Exp. 847. 
Control (white flour) 

FIG. 96. Exp. 848. 
The saponifiable and unsaponifiahle 

substances from oatmeal. 



Fws. 97-101. Experiments 877, 878, 879, 8RO, 881. Radiographs taken after 6 weeks of diet. The di ets of 877, 879, 880, and 881 were 
identical except for the exposure of some ingredients to radiations of mercury-n1pour lamp. 

FIG. 97. Exp. 877. 
Oatmeal ra•Jiated by 

means of ultra-violet lamp. 

Fm. 98. Exp. 878. Food not 
radiated. Diet contained 1 
c.cm. of cod-liver oil replacing 
1 c.cm. of olive oil. 

Fw. 09. Exp. 879. 
Oatmeal cooked then 

radiated. 

Fw. 100. Exp. 880. 
Olive oil radiated, oat­

meal not. radiated. 

Fw. 101. Exp. 881. Food 
not radiated ; this is the only 
animal of the series with severe 
rickets. 
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Price Is., post free Is. Id. 

No. 9. A Report upon the use of Atropine as a Diagnostic Agent in Typhoid Infections. 
By H. F. Marris. Price la., post free Is. Id. 

No. 11. The Causation and Prevention of Tri-nitro-toluene (T.N.T.) Poisoning. By 
Benjamin Moore. Price Is., post free Is. I !d. 

No. I3. An Enquiry into the Composition of Dietaries, with special reference to the Dietaries 
of Munition Workers. By Viscount Dunluce and Major Greenwood. Price 9d., 
post free I Od. 

No. I6. A Report on the Causes of Wastage of Labour in Munition Factories. By Major 
Greenwood. Price Is. 6d., post free Is. 7 d. 

No. S2. The Science of Ventilation and Open air Treatment. Part I. By Leonard Hill. 
Price IOs., post free IOs. 5!d. 

No. 4S. Albuminuria and War Nephritis among British Troops in France. By H. Mac-
Lean. Price 2s. 6d., post free 2s. 8d. 

No. 52. The Science of Ventilation and Open-air Treatment. Part II. By Leonard Hill. 
Price 6s., post free 6s. 4!d. 

No. 58. T.N.T. Poisoning and the Fate of T.N.T. in the Animal Body. By W. J. 
O'Donovan and others. Price Ss., post free Ss. Ild. 

No. 59. A Report on the Occurrence of Intestinal Protozoa in the Inhabitants or Britain. 
By Clifford Dobell. Price 2s., post free 2s. I!d. 

No. 60. The Use of Death-rates as a Measure of Hygienic Conditions. By John Brownlee. 
Price Ss., post free 3s. I!d. 

No. 72. The Acid-base Equilibrium of the Blood. By the Haemoglobin Committee. 
Price 2s., post free 2s. Id. 

No. 7S. The Kata-thermometer in Studies of Body Heat and Efficiency. By Leonard 
Hill and others. Price 5s., post free 5s. 2-!d. 

No. 84. The Application of the Air Force Physical Efficiency Tests to Men and Women. 
By L. D. Cripps. Price Is. 6d., post free Is. 7jd. 

The following were published under the direction of the Medical Research Committee : 
Milk and its Hygienic Relations. By J anet E. Lane-Claypon. Price 9s. net. 

[Longmans, Green & Co.l 
The Amoebae living in Man. By Clifford Do bell. Price 7 s. 6d. net. [Bale, Sons 

& Danielsson, Ltd.] 
The Intestinal Protozoa of Man. By Clifford Dobell and F. W. O'Connor. Price I5s. net. 

[Bale, Sons & Danielsson, Ltd.] 
In addition to the publications contained in the list given above, numerous memoirs upon work 

aided by the ·.llfedical Research Council have appeared in Scientific Journals. 
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