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CHAPTER I

The disoovery of the fourth vitamin, vitamin D has 
been of the greatest importance to the medical profession 
as well as to mankind, because it has brought about the 
solution of the oentury-old problem of the oause and pre
vention of riokets. Today, beoause of this discovery, 
severe riokets, in oivilized countries at least, is coming 
to be a rare disease.

The search for the antiraohitio vitamin makes one of 
the most interesting stories of modem biological science.
As early as 1890 Palm suggested that sunlight possessed an 
antiraohitio action, and in 1919 Hulohinsky successfully 
employed the ultra-violet rays from a mercury vapor lamp for 
the cure of rickets. Hess and Unger, in 1921, demonstrated 
that sunlight had the same effect.*

To the English physiologist, Mellanby, though, belongs 
the credit of the disoovery of the specific antiraohitio 
faotor or vitamin. His reports, published in 1918 and 1919, 
contain the first accounts of the undoubted production of 
true rickets in an experimental animal - in this case the dog -

THE DISCOVERY OF VITAMIN D

1. Charles Herbert Best and Norman Burke Taylor, ThePhysiological Basis of Medioal Practice. (Baltimore 1945) 
p. 649
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and of its oure by dietary means.2
On diets consisting chiefly of cereal and small quan

tities of whole or skim milk, diets which are now recognized 
as deficient in vitamin D and also in olaoium, there devel
oped in Mellanby’s puppies soft hones, bowed legs and other 
typioal raohitio deformities. More definite proof of the 
presence of true rickets was obtained from roentgenograms 
and from chemical analysis of the dog's bones, which were 
found to have a decidedly low caloium content. When a few 
oubio centimeters of cod liver oil was added to the diet, 
riokets failed to appear. Comparatively large amount of 
butter fat and suet had some effect in the prevention of 
riokets also, but lard, cottonseed, olive and linseed oils 
proved entirely ineffective. Here, then, was proof that 
the cause of riokets was to be found in a definite defi
ciency in the diet and that the oure lay in the addition 
of certain specific foods to the ration.3

Since the faotors that were most potent in the preven
tion of riokets, cod liver oil and butter fat, were also rich 
souroes of the already known vitamin A, whioh prevents 
Xeropthalmia, Mellanby drew the conclusion that the anti
rachitic factor was probably identioal v/ith fat soluble A.
But because of certain conflicting experimental results of 
their own, American investigators were not willing to aooept

2. Ruth Cowan Clouse. S. M.. The Vitamins. (Chicago. Illinois.
1952) p. 115

3. Ibid
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this interpretation, and in 1922 McCollum and his co-workers 
at John Hopkins Uhiversity published definite proof of the 
existence of two separate and distinct fat-soluble vitamins. 
Taking advantage of the faot, already established by Hopkins 
in England, that vitamin A is readily oxidized, McCollum and 
his associates passed a stream of oxygen through cod liver 
oil which was held at the temperature of boiling water for 
from twelve to fourteen hours. At the end of this time they 
found that the oil still retained its antiraohitio potency 
when fed to rats but had lost its power to cure Xerophthalmia; 
in other words, it still contained the antirachitic factor 
but had lost its vitamin A. This antiraohitio faotor 
McCollum named vitamin D.4

Shortly after this Stienbook and Black, Hess and Wein- 
stock, independently showed that certain fat-containing foods 
which possessed no power to cure riokets acquired this power 
tipon artificial irradiation. (This is a process whereby ultra
violet rays are passed thru the food and form ergosterol in 
the food. In the living animal the antiraohitio action of 
ultra-violet radiation is that the radiation forms vitamin D 
from the ergosterol in the skin, and the vitamin is then 
absorbed into the blood and is carried to the tissues where 
it is needed.)5 It was then observed at the same time by 
Rosenheim and Webster that cholesterol of animal tissues 
and sterols of vegetable foods gained antiraohitio properties 
upon irradiation. Cholesterol even after careful purification,

4. Ibid
5. Ibid



and though quite inaotive if untreated, became powerfully 
antiraohitio upon irradiation. These sterols apparently 
were the precursors of vitamin D. Thus the final link in 
the chain of evidence connecting the antiraohitio effect 
of irradiating the body surface and that resulting from the 
ingestion of foods was forged. Nevertheless, as a result of 
subsequent research it was concluded by Rosenhein and Webster 
and by Windaus and Hess (1927) that not cholesterol itself, 
but minute amounts of ergosterol with which it was contam
inated were responsible for the antiraohitio effects; ergos
terol oame to be regarded as Provitamin D. It was later 
shown by Waddell that vitamin 3) has two main parts, vitamin 18, 
or calciferol, and activated 7-dehydrocholesterol or vitamin 
D3, whioh is really irradiated ergosterol.6

4

6. Best, op. oit., p. 651



CHAPTER II

The chemistry of vitamin D is not as yet too well 
understood, “but there are various aspects that have been 
explored and shown to he properties of vitamin D. It has 
heen found that vitamin 3) is not a single vitamin but a 
series of vitamins like that found in the "BP series.
Vitamin D, however, unlike the " BP series aots as a unit 
and all affeot the same results. In the ” TV series, there 
have been found to be five separate substances composing 
vitamin " F  and they have been assigned the names - Vitamin 
Dl, EB, E6, D4 and D5. Of this series the ones which appear 
as the faotor producing ones are 3E and 3X5. The other three 
are present along with these two but as yet no specific func
tion has been found that is performed by them. So it is 
thought that even though they are always present, they are in 
an inactive state.

It has been found that vitamin D has the following phys- 
ioal properties.7 Vitamin D is soluble in fats, oils, ethers 
and alcohol but insoluble in water. It is very stable to 
heat and oxidation and it shows an absorption band between 
260 and 270 millimicrons. The antirachitic vitamins belong 
to the olass of substances known as sterols or solid alcohols.

THE CHEMISTRY OP VITAMIN D

7. Best, op. cit., p. 649
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The ohemioal nature of this vitamin D series is 
basically the same. Being a member of the sterol class in 
which is found cholesterol (Cg7 H46O) of animal tissues, 
phytosterol of plants, and ergosterol found mainly in fungi, 
it can be readily seen that this vitamin may be produoed 
from any of these compounds. The vitamin itself has been 
isolated in crystalline form and named oaloiferol.

As has been stated, it is to be noted that the vitamin 
3) series is not analogous to the "EF series as the "BP com
plex of vitamins refers to substanoes which cannot replace 
one another and the "IF group all perform the same function - 
prevent or cure rickets.

All of the vitamin D group and corresponding sterols of 
which ergosterol - luminsterol - taohysterol - toxisterol - 
and suprasterols are members, all have the same formula - 
Cg0 H440*8 The difference then is in the arrangement of 
the various elements in the compound - or the difference in 
structure.

Of the vitamin D series, only " T&. and D3" have been 
accurately identified as to their structure. Vitamin IE has 
been given the name Calciferol and shown to have the struc-

8 . Sir Frederick Gowland Hopkins. Perspectives in Biochemistry. (Cambridge 1939), p. 24*7
9. Roger J. Williams, Ph. D., D. 3g., A Textbook of 

Bioohemistry. (New York 1942), p. 1^6
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And vitamin 333 has the structure:^
CH. 
I ;
C -
IH

H
i
C
I

H H CH,
I I I 3 
C —  C —  C —  CH.
i i i H H H

Crystalline vitamin 33B (Calciferol) melts at 115° to 
117°C and Crystalline vitamin IB melts at 82° to 83°C.n  
Both are optically active compounds. The specific ratation 
for IE in acetone is:Tod 1 - 82.6®, and for US in acetoner* “j L J °
it ie:| ̂  L  = 83.5®.12 This discrepancy, though hoth have 
the same formula, is accounted for hy different combinations 
of these elements.

Vitamin D is produced hy irradiation of a sterol and 
this sterol is different for each of the " F  series. Ir
radiation is a process where the ultra-violet rays of the 
sun are involved in the transformation of the sterol into 
vitamin 3).13 Thus, vitamin 33 is produced in foods hy this 
process of irradiation. The vitamin 33 is produced on the 
surface and is absorbed into the system of the plant or 
animal. This is accomplished by the ultra-violet rays

10. Ibid
11. Guy W. Clark. A Vitamin Digest. (Springfield, Illinois

1953), p. 25
12. Ibid
13. Benjamin Harrow, One garni____ _ _  ...,. ,. tily: Vit(Minneapolis, Minnesota 1051), p. 18

Vitamins, Enzymes. Hormones
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ability to pass thru the skin of animals or plants and 
change the sterol under the skin to the vitamin D form.
In the case of vitamin BE, it is the ergosterol that is 
ohanged and for vitamin D3, it is 7-dehydrocholesterol 
that is changed.14 Thus the 7-de‘nydrooholesterol and 
ergosterol are considered to be provitamins. Further 
production of Vitamin D may be aotivated by a number of 
procedures under a variety of conditions, in brief all 
involve an impart of energy into the provitamin molecule.

Also of interest and a oomplicating sidelight is the 
fact that citrates and iodides have a marked ourative 
effect on rickets. The connection between these and 
vitamin D as regards the antiraohitio effect is still a 
mystery.

Knowing of the existenoe of vitamin 3) and its chemical 
makeup, scientists have been able to determine what its 
function is as regards humans. Also, following from this, 
they have been able to initiate ourative and preventive
measures against the disorders caused by vitamin D when in 
deficient or over-abundant amounts.

14. Benjamin Harrow and Abraham Mazur, Textbook of
Biochemistry. (Philadelphia and London, 1954) 
e t v m n o n .  pp. 382-384



CHAPTER III

To begin with, we must first have some idea as to 
what a vitamin is. Harrow has given us a working defini
tion of this. He says, "a vitamin may be defined as a 
neoessary food for the body, in the sense that fats, 
proteins, carbohydrates, mineral salts, water and oxygen 
are neoessary foods'1.15 With this in mind we may then 
proceed, knowing that vitamin D is essential, and say that 
laok of this food will bring a kind of starvation to the 
body.

The effects of vitamin D will be considered from three 
sides: first, from the point of view of a deficiency of 
the vitamin in the diet} second, from the point of view of 
a normal dosage in the fiet; third, from the point of view 
of an over abundant dosage in the diet. As regards a 
deficiency in the diet, the topics discussed are: (1) the 
effects of calcium and phosphorous retention in blood and 
bone, (2) the effeot on the cartilage and bone.

The reason for the analysis from the point of view of 
calcium and phosphorous is that vitamin D seems to influ
ence the absorption and utilization of caloium and phos
phorous which appears to be the vitamins chief function.

When vitamin I) is defioient it has been found that

THE EFFECTS OF VITAMIN D

15. Benjamin Harrow, One Family: Vitamins. Enzymes.Hormones. 
(Minneapolis, Minnesota, 1951)’ p. T5
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the level of phosphorous in the "blood drops from a normal 
level of 5 to 6 mg,/l00 cct to a level of 2 to 3 mg./lOO oo. 
However, the oaloium level usually remains constant though 
it is possible that the level of oaloium may also drop 
below nomal. The question, therefore, that arises is,
"why does vitamin D increase mineral retention?"16 and 
so far this question has not as yet been satisfactorily 
answered. Knowing that both oaloium and phosphorous are 
excreted through the intestinal wall and by the kidneys, 
it is difficult to asoertain as to whether it is due to 
an increased absorption of these minerals or a deorease in 
the exoretion of them. Also a probable explanation may be 
due to the greater deposition of calcium and phosphorous 
in the bones. Probably, a combination of all three of 
these faotors is involved in the retention of these 
minerals.

It has been found that by feeding phosphorous orally 
the level of phosphorous in the blood can be temporarily 
raised and does seem to alleviate the disease for a time. 
Also noted was that if ergosterol, which had been irra
diated, was given parentally, thereby eliminating the 
factor of intestinal absorption, vitamin 3) increases the 
capacity of the blood to hold the phosphorous and is due 
to the raising of the level at which the phosphorous 
begins to be excreted.

As regards oaloium, it has been found that blood

16. Clouse, op. olt., p. 119
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serum contains a series of four different forms. One of 
the two diffusible forms is made up of a calcium and 
phosphorous complex which is thought to be the precursor 
of the bone salts. This form seems to be independent of 
the oalcium and phosphorous level and while the calcium 
level may not be noticeably affected by the rachitic con
ditions, there are changes in the concentration of some 
of these forms.

Also as an added sidelight to the above pioture is the 
increase of the phosphotase enzyme during a riokets seizure. 
The alkaline phosphotase content of plasma in rats on various 
semisynthetic, vitamin D free rations, whether they produced 
approximately normal, severely rachitic, or porotic bone, 
was always higher than it was in rats which were fed a 
vitamin D containing stock ration. So, the amount of phos
photase in the plasma oould not be related to the severity 
of rickets or to the amount of cartilage present in bone.^7

In regard to the relation of calcium and phosphorous 
in blood, as has Already been shown, the phosphorous level 
is low in a riokets seizure and the oalcium level is usu
ally constant, and so the level of one to the other is 
expressed in a Oa (calcium) x P (phosphorous) product.
For example, if the concentration of oaloium in the blood 
is 10 mg./lOO co. and the phosphorous concentration is 
5 mg./lOO cc., the Ca x P product is 10 x 5 = 50. This

17. Biological Abstract, Vol. 31, Ho. 7: 1957 July, Article 20606.
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product of 50 is characteristic of a normal person. A 
level below 30 is significative of riokets. So, if the 
oaloium level remains constant at 10 mg./lOO oo,, and the 
phosphorous level drops as it should to 2 or 3 mg./lOO cc., 
the Ca x P product is 2 x 10 ■ 20 and is very diagnostic 
of rickets. In curing this condition this product is kept 
and recorded periodically and when it reaches 40 or ahove 
it is a sign that the healing prooess is beginning. At 50, 
it is a sign that the healing process is complete, for as 
the product arises the minerals being deposited in the 
tissues is inoreasing and returning them to normal.

Next to be considered is the effect on cartilage of 
vitamin D, Cartilage through its participation in the 
formation of bone is a good indioator of metabolic disturb
ances. Vitamin D, as is, has no direct effect on cartilage.
The effect, therefore, is in an indirect manner. Vitamin D 
having oaused the decrease in the level of phosphorous and 
the deorease in the absorption of oaloium the cartilage is 
allowed to grow and thus increase to an over-abundant state.
The reason for this is that the formation of Osteoblast cells 
has been restricted and since the function of these oells is 
to invade the cartilage and deposit oalcium and thereby change 
the oattilage to bone, this means that no bone is being formed. 
This results in a swelling of the joints and a condition of 
bowed legs ooours along with deformed arms, legs, ribs and 
vertebrae. Thus, the whole body takes on a deformed nature 
and oan appear shriveled as the weight imposed on the soft 
cartilage oeuses the bone to sink into the oartilage.
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The effect on bone is of a dual nature, chemical and 
histologioal. Chemically, the mineral contont is decreased 
and the ash to organic residue ratio (A/R) is altered con
siderably.18 The ash ratio is deoreased and the organic 
residue increased thus showing the non-formation of the 
hard bone.

In regard to the histological effect, the following 
passage is quoted,1® " In Vitamin D deficiencies, the bones 
of adults contain muoh unoalcified osteoid tissue, and their 
mineral content is greatly diminished, - a condition known 
as Osteomalacia (adult riokets) occurs. The diminution in 
calcium oontent is due to failure of calcification of new 
bone formed in the turnover of this tissue, rather than to 
simple deoalcification of previously oaloified bone. In 
Osteomalacia, and in the form of rickets induoed experi
mentally by deprivation of calcium, the parathyroid glands 
are enlarged; they are muoh less affected in the rickets 
associated with deficiency of phosphate^1.

"A disease commonly mistaken for riokets is Paget's 
Disease in which the bones are both thickened and softened, 
resorption and apposition of bone occurring simultaneously. 
In this the blood oalcium and the parathyroid glands are 
normal.” 20

13

18. Clouse, op. oit., p. 123
19. Alexander Maximow and William Bloom, A Textbook of 

Histology. (Philadelphia and London, ), pp. 139-140
20. Ibid, p. 140



Also to be noted is that a decreased concentration of 
nearly all forms of phosphorous in the blood v/hich aocom-

14 * ' -V 'A" /■!' S.. T: A \ ".“I, ■ ' * v«
: ’ 4 <> ... ’ v  ■ '  -.TV \  jK t<  <. , * ?. ■■**-.*< V  ^  - . t » -j*. ■. •*.' '  • »  4' *  " X i?  : . ■ / / .panies riokets affords explanation for the general muscular 

weakness and instability of the nervous system and low 
blood oalcium explains the ocourranoe of tetany sometimes 
seen with rickets.21

So from these faots it is evident that vitamin D acts 
to aid the oonversion of organic to inorganic phosphorous 
in bone and also exerts an influence on the process of 
mineralization in bone.

Having ascertained the effects of a lack of vitamin D, 
the next phase to be considered is the condition that exists 
when a normal amount of the vitamin is present in the diet. 
This is rather easy to see from the proceeding topic as it 
is the reversal of the proceeding topio. The blood oalcium 
and phosphorous is present in the correct amounts. That is, 
the phosphorous content is at 5-6 mg./lOO co. and the calcium 
content that usually remains constant is at 10 mg./lOO co. 
Thus, the Ca x P product is 50 whioh is as it should be.
The amount of phosphorous being exoreted is diminished as is 
the oaloium and this signifies that the tissues are being 
supplied with the required amount of these minerals and is 
utilizing them.

The cartilage is at a lower concentration than in the 
rioket condition because the osteoblasts are invading the 
cartilage and transforming it to bone. The bone joints are

21. Gortner, Outlines of Biochemistry, (Hew York and London, 1950), p. 899
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of a normal size and the amount of calcified osteoid tissue 
is at the proper concentration. The parathyroid glands are 
at normal size and functioning properly. Therefore, the 
presence of the oorrect amount of vitamin 3) has regulated 
the above functions to regular body conditions.

However, if vitamin D is present in too great a concen
tration relative to the bodily requirements it oan act as a 
poison and assumes a high degree of toxicity. It has been 
demonstrated that the effects of vitamin D in large doses 
caused a rapid loss of weight, followed by death within a 
short time. The picture as it appears is characterized by 
loss of appetite, rapid loss of weight, severe emaoiation 
and decided decrease in vigor. Often a diarrhea develops, 
and the hair became rough and shaggy, and took on a greasy 
appearance. This was first demonstrated by Kreitmar and 
Moll.22

After death, enormous deposits of caloium were found 
in the walls of blood vessels and of the vital organs. This 
evidenced the fact that oalcium was deposited in many organs 
that would receive it whether they needed it or not or 
whether or not it would even be useful there.

Further investigation showed that the phosphorous and 
caloium level of the blood was raised muoh above normal 
levels. At first then the excretion of oalcium and phos
phorous is greatly increased and later on it decreases

22. Clouse, op. oit., p. 141
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rapidly or beoomes strongly negative indicating the loss 
of calcium and phosphorous from the body as a whole. Also, 
in advanoed stages of intoxication the mineral content of 
the bones may be considerably below that of normal animals. 
All of these symptoms of the excessive dosage of vitamin D 
have been given the general name of Hypervitaminosis D.23 
Moreover it has been shown that very often the blood oalcium 
or phosphorous or both when above normal levels causes the 
excretion of these to shift from the feoes to the urine.

It has also been noted that the abnormal calcification 
of the tissues occurred only on the high caloium diets. If 
the oalcium content is low the calcification of the tissues 
does not oocur, but the loss of weight and death do result. 
The bones also become soft and fragile and present the 
appearance of severe rickets except that the subepiphyseal 
spongiosa has disappeared.24 If the calcium level of blood 
is low it must be remaintained. This is accomplished by 
taking it from the bone as it cannot be acquired through 
the intestinal traot. Then it is taken from the trabeculae 
first and then the shaft next.

Also noted in experiments conducted on exoessive dosages 
of vitamin D is that certain influences, particularly high 
temperature and hydrogenation, may destroy the antirachitic 
action but leave the toxicity unaltered, and that the anti
rachitic potency and toxicity are not destroyed at the sane

23. Clark, op. cit., p. 30
24. Clouse, op. cit., p. 142



17

rate by over irradiation, oxidation or heating. It is 
possible to prepare a product which is toxic but not anti
raohitio, by destroying the antiraohitio potency after it 
has been developed. It has never been possible to do the 
opposite; that is, prepare a product which is antiraohitio 
but not toxic. So, it is possible that there are two 
separate factors that arise from the same substance, which 
is oapable of alteration so as to lose its antiraohitio 
aotions without losing its toxicity.

Further argument that exoessive amounts of vitemin D 
are in themselves toxio is the fact that the orystals of 
"Calciferol" are as toxio as the original irradiation 
product from which they are derived.25

At present then, it must be held that the case for the 
existence of a separate toxic factor, distinct from vitamin 
D, has not been proved. That there is strong evidenoe for 
suoh a factor oannot, however, be denied, and only future 
work will settle the point.

25. Clouse, op. cit., p. 145



Having studied and identified the effects and cause of 
rickets, the next step is to ascertain the types of food 
that will alleviate the condition. The distribution of 
vitamin D iB of a limited nature but it is present in 
enough foods so that if a person eats a balanced diet the 
condition of riokets is unlikely to develop. The following 
is a tabulation of the foods that contain vitamin 3).

The primary source of vitamin D is Cod Liver Oil. 
Although other fish oils have proved to be as rioh in 
vitamin D as cod liver oil, or even richer, the latter 
still remains the most important natural source of the 
vitamin. Most of the cod liver oil used today comes from 
Norway or from Newfoundland, that of Norway being more 
superior.

The liver oils of many fish and marine animals have 
been tested and found to have marked antirachitic potency, 
some even more so than cod liver oil. Puffer fish oil was 
found to be fifteen times as potent as average cod liver
oil, and burbot liver oils are eight times stronger.26

Pish body oils are more important than the liver oils 
as they show a higher degree of potency. Tuna fish oil,

26. Clouse, op. cit., p. 147
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aardine oil, and Newfoundland Herring oil are of equal 
potenoy to ood liver oil. Salmon body oil is about one 
half as potent as ood liver oil. Shrimp and oysters have 
been found to have appreciable amounts of vitamin D.
Following from this, one may say that large quantities of 
fish would greatly improve the diet.

Egg yolk is an excellent source of vitamin D. This 
food has been used by physicians in a milk formula to cure 
severe rickets in babies. However, the amount of vitamin D 
in the egg yolk is dependent on the hen. If the hen has a 
good deal of vitamin D in her system then the egg yolk will 
also be rioh in this vitamin. Therefore, the vitamin 3) of 
egg yolk is dependent on seasonal variation. If the hen 
receives abundant amounts of sunlight and a good diet, she 
will produce large quantitiea of vitamin D. If ahe receive8 
little sunlight, le8s irradiation takes place and therefore, 
less vitamin D is produced.

Butter fat oontains little of the antirachitic factor. 
This condition, as the butter fats oome from oow's milk, is 
helped along by feeding the oow irradiated yea8t. Thi8 has 
been found to bo more effeotive than the feeding of irradiated 
ergosterol. The feeding of a standardized irradiated yeast 
to milking oowB may therefore be considered as a practical 
measure for the production of a milk of standard antiraohitio 
potenoy.

Vegetable foods, even the green leafy vegetables, laok 
vitamin B. Also, the vegetable fats are not antiraohitio.
An exception to this is coconuts as their oil sometimes



20

contains vitamin D. But the lack of vitamin D in vegetable 
oils such as cottonseed, corn, olive and peanut has been 
effectively demonstrated*

Oleomargarines are of two kinds - those made from 
vegetable fats and those made from animal fats. As re
gards the vitamin 33 content of these, a sharp distinction 
must be made between the two products. The vegetable 
margarines are notoriously deficient in both of the fat 
soluble vitamins - A and B. Animal margarines may contain 
appreciable amounts of each of these fat soluble vitamins. 
So far, it has been found that this margarine is equal in 
vitamin A to a good grade of butter and to have a vitamin B 
content about halfway between that of the samples of butter 
and cod liver oil with which it was compared.

As far as oereals go, it has been found that they have 
very little or no antiraohitio factors and that, in fact, 
they are good foods to feed experimental animals to produce 
rickets in said animals.

Meat, also, is a good source of vitamin 3), especially 
the livers of edible animals.

Prom the foregoing remarks it is evident that man is 
often dependent for a considerable part of his vitamin D 
requirement upon a certain amount of exposure to sunlight 
during which time the ultra-violet rays transform the pro
vitamin present in the skin into active vitamin 3). The 
fortifioation of milk, margarine, bread and other cereals 
has made it easier to obtain our daily requirement.



CHAPTER V

EXPERIMENTS PERFORMED TO DEMONSTRATE 
THE RACHITIC EFFECTS IN THE BODY

The purpose of the experimental research that follows 
is to introduce the rachitic disease into experimental 
animals and to check several of the effects produced in the 
animal body by the disease. Control animals were used as a 
basis to identify the rachitic effects. The manner in wftiich 
this was done is as follows:

A) Two breeding white rats were obtained 
and bred. The litter was used as the 
experimental animals.

B) The introduction of the disease into 
the litter rata.

C) Tests were performed on both control 
rats and rioket rats to oheok effects 
of the disease. They were:

1. Body Weight Test
2. Wrist and Ankle 

Measurements
3. Blood Analysis for 

inorganic phosphates
4. line Test
5. Bone Comparison

These experiments and the results obtained will be discussed 
in this order.

The white breeding rats were obtained on November 18,1957 
and at this time were plaoed together for the purpose of 
breeding, the gestation period for this species being 21 days. 
They were fed lettuoe, oarrots, toast, water and c o m  meal 
that had cod liver oil intermixed so that the female rat
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would have a sufficient amount of vitamin D in her body and 
thus give birth to a litter of rats that were definitely 
free of raehitio symptoms. On December 13, 1957, the 
female rat had a litter of eight. At this time the male and 
female breeders were separated. The female was left with 
the litter for a period of 32 days before they were weaned. 
On January 14, 1958, the baby rats were taken from the 
mother and divided into two equal groups of four. At this 
time the young rats were placed on a diet that was suffi
cient to sustain life for the necessary length of time and 
also oause the formation of " Riokets" .

The diet used was that of Stienbook, Diet 2965.27 
This diet oonsisted of yellow o o m  in the concentration 
of 76$, wheat gluten - 20$, oaloium carbonate - 3$, and 
sodium chloride - 1/5. The oaloium to phosphorous ratio 
of this diet is 4:1. Both groups of rats were fed this 
diet with one exception, the rats that were to be used as 
a control had cod liver oil intermixed with this diet and 
this then prevented the formation of rickets. Also fed to 
the rats was distilled water and it was the only liquid 
given during the whole course of the experiment.

On February 18, 1958, one of the rioket rats died and 
death appeared to be caused by the interplay of the raohitic 
disease and a laok of nutrition. Then on Feburary 24, 1958, 
two of the non-ricket rats died and the others were killed 
and the blood drained out of them. A few days later,

27. Clouse, op. cit., p. 126
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February 28th, another rioket rat died and the others were 
killed and the blood drained from them* Having done this, 
the rest of the experiments were performed.

Before interpreting the data of the experiments, the 
condition of the experimental rats will be cited first.
From here on the rats on the rioket diet will be referred 
to as rioket rats and the control as non-ricket rats. The 
rats on the rachitic diet seemed to be of good health 
throughout most of the period while on this diet. Only 
toward the end of the diet period did they appear to be 
diseased at all and the only indication externally was that 
they had developed a slight v/obbly gait and had occasional 
loss of balance. The rats on the non-raohitic diet never 
developed a wobbly gait but did seem to be of a sickly 
nature after about fourteen days on the diet and they con
tinued this way until their death. Their hair gradually 
became shaggy and dull and they showed a decided loss of 
vigor throughout the period while on the diet. They had 
gradual loss of sense of balance and appeared worse than 
the rioket rats were. In the end they were unable to run 
or walk but constantly lost their balance and did a good 
deal of falling and rolling. This weakness could have been 
due to the excess of vitamin D supplied to them by means of 
the cod liver oil and then the toxic effect of the vitamin D 
would have caused the sickly appearance that was observed in 
the non-ricket rats.



Body Weight Test:28
The first test that was performed on the rats was the 

hody weight test. The lack of vitamin D is supposed to have 
no effect on the weight of the hody. To check this, the rats 
were weighed before being put on the diet. The following 
weights were obtained for the rats placed on the rachitic 
diet:

1. 18.6 grams
B. 16.1 grans
3. 17.4 grams
Total -52.1 grams
Average weight - 17.36 grams

Weights obtained for the rats placed on the non-rachitio diet
were:

1. 14.6 grams
2. 16.9 grams
3. 17.7 grams 
Total - 49.2 grams 
Average weight - 16.4 grams

After having been on their diets for the required period the
body weights were again checked. The following was obtained
for the rioket rats:

1. 22.5 grams
2. 24.0 grams 
Total - 46.5 grams Average weight - 23.5 grams

ThiB was an average increase of 6.14 grams in the rioket rats.
The body weights of the non-rioket rats were:

1. 23.0 grams
2. 22.0 grams 
Total - 45.0 grams 
Average weight - 22.5 grams

28. B. Connor Johnson, Methods of Vitamin Determination. 
(Minneapolis, Minnesota, 1048), p. 39
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This was an average increase of 6.1 grains in the non-ricket 
rats. Therefore, the body weights remained on an equal 
basis per increase of weight for the two groups of rats, 
showing that vitamin D has no marked influenoe on the body 
weight.
Ankle and Wrist Measurement:

The wrist and ankle Joints of the rioket and non-ricket 
rats were measured with a Micrometer. This was done on 
February 22, 1958, forty days after the start of the experi
ment. The following was secured:

Rioket Rats:
1. Wrist - 4.79 ram.

Ankle - 4.79 mm.
2. Wrist - 4.55 ram.

Ankle - 4.85 mm.
3. ?/rist - 4.22 mm.Ankle - 4.76 ram.

Non-rioket Rats:
1. Wrist - 3.44 mm.

Ankle - 3.62 mm.
2. Wrist - 3.35 mm.

Ankle - 4.03 ram.
As oan be seen from these results, there was a marked 

enlargement of these Joints in the rioket rats as compared 
to the joints of the non-ricket rats. From these results 
then, it can be said that vitamin D affects the size of the 
joints and this is done by the over-deposition of cartilage 
in the bones comprising the joints.



Blood Analysis For Inorganic Phosphorous:29
Vitamin D is known to affect the concentration of 

inorganic phosphorous in the blood. In a raohitio person 
the concentration of phosphorous is 2 to 3 mg./lOO cc. and 
in a normal person it is 5 to 6 mg./lOO cc. The purpose of 
this test is to check the concentration of the phosphorous 
in the blood of a raohitio rat and also in the blood of the 
control. The blood that was drained from these experimental 
rats was used hore.

To quantitatively determine the concentration of the 
phosphorous in the blood the phosphates in a protein-free 
blood filtrate are mixed with excess ammonium molybdate to 
form ammonium phosphomolybdate. 1, 2, 4 - aminonaphthol- 
sulfonio aoid made up in a sulfite-bisulfite solution is 
added to reduce the hexavalent molybdenum of phosphomolybdic 
aoid to blue-oolored reduction produots. The reagent has a 
negligible effect on the ^exavalent molybdenum of molybdio 
aoid. The color thus pro duo ed is a measure of the amount 
of phosphomolybdio aoid formed and hence of the concentra
tion of the phosphate ion originally present. The blood 
obtained was analyzed in this manner and the oonoentration 
of the phosphorous was determined oolorimetrioally. The 
formula used is as follows:50

Cu = SS x Ms x x where Ru v ^8

29. Benjamin Harrow, er. al.t Laboratory Manual of Bio- 
Chemistry. 4th edition, (Philadelphia & London, 19B'5) 
pp. 102-103

30. Ibid, p. 67

26
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Cu = milligrams of unknown per 

100 ml. of blood 
Ma = nnmber of milligrams of the constituent 

in the standard solution 
Ru = reading of the unknown cup 
Rs - reading of the standard oup
V - volume of blood actually used in the

color production 
Du ■ volume to which the unknown is diluted 
Ds = volume to whioh the standard is diluted

In the analysis of the non-ricket rats blood, 0.5 ml. of
blood was used. The reading of the standard was 20.4, and
the reading of the unknown was 5.1. The standard was diluted
to 100 ml. and the unknown to 10 ml. Substituting these into
the formula, the following was obtained:

Cu 2 x 0.080 x 100 x 105.1 0.5 W
Cu * 16.32/2*55
Cu = 6.4 mg./lOO ml.

The rioket rats blood analysis gave the following results:
Ds = 400 ml*
Du = 10 ml.
V = 0*25 ml. of blood used 

Ru = 10
Rs = 30

Substituting into formula:
Cu * 52 x 0.080 x 12° x JLO 10 .25 40ft
Cu * .6/.25
Cu = 2.4 mg./lOO ml.

Note - 0.080 mg. of phosphorous per milliliter was the 
concentration of the standard phosphate solution.

Thus, the concentration of phosphorous in the rioket blood
being 2*4 mg./lOO ml. and that of the non-ricket blood being
6*4 mg./lOO ml. shows that riokets was produced and that the
level of phosphorous in the blood of the animal who had
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rickets dropped considerably below that of a normal animal.
From the data obtained from this blood analysis, the 

Ca x P product can be ascertained. Rats average 10 mg. of 
calcium per 100 ml. of blood and this is usually unaffected 
by the vitamin D diet or a lack of vitamin D. So, the 
Ca x P product for the non-rachitic rats is:

10 (Ca) x 6.4 (?) - 64 
and is diagnostic that riokets is not present in the animal. 
The Ca x P product for the raohitio rat is:

10 (Ca) x 2.4 (P) * 24 
and this is highly significant that rickets is present in 
these rats, 
line Test:31

This test is done on the proximal end of the tibia or 
distal end of the radius. In this test the bone is cut into 
a median longitudinal section and rinsed in distilled water. 
Then it is immediately immersed in a 2# silver nitrate solu
tion for one minute. It is then exposed in water to strong 
light till the calcified areas have developed a clear defined 
stain. The stain is caused by the silver nitrate reaoting 
with the calcium in the bone to form a silver oalcium nitrate 
complex, and it turns black when exposed to strong light.

The proximal end of the tibia was used in the experiment. 
On the tibia taken from the ricket rat, very few black lines 
were present. The few that were present were scattered and

31. Johnson, op. oit., p. 39
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appeared more as a aeries of dots. Large gaps were present 
between the lines showing that riokets was in an advanced 
state but not quite absolute. This tibia was from a rat 
that was on the diet for 35 days. On a tibia taken from a 
rat 45 days on the diet, the extent of the black lines was 
quite distant from the head of the bone and was very incom
plete, even more so than the ricket rat tibia previously 
examined. This verified the presence of riokets and shows 
that it had progressed considerably over that of the rioket 
rat that was on the diet for 35 days.

The non-ricket rat used in this experiment was on the 
diet for 43 days. The tibia was also used and it showed a 
blaok line present that had a definite outline to that of 
the bone contour. There were no large gaps between the 
lines and the lines were quite solid. This as contrasted 
to the rioket rat tibia showed extensive oalcification and 
therefore, denoted the absence of a rachitic oondition.
Bone Comparison:

In order to make a comparison of the effeots of rickets 
on the skeleton of the ricket and non-rioket rats, the 
skeletons were cleaned of all muaole and fle8h. This was 
done by boiling the skeletons in a soap solution for two 
to four hours and then piok them clean. The skeletons were 
then shellaoked and mounted on a board for easy comparison.

In general, the comparison of the ricket rat skeleton 
to the non-rioket rat skeleton was very diagnostic as to 
the presence of a rachitic state. The amount of cartilage
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present in the rioket rat skeleton was easily triple that 
present in the non-rioket rat skeleton. As regards the 
individual comparison of the hones, this presented a clear 
view of the true rachitio nature. It was noted that the 
taraala of the rioket rat were almost completely cartilage 
as opposed to the hone present in the non-rioket rat tarsals. 
In the rioket rat, the calcaneus was more than half cartilage 
and that of the non-rioket rat was mostly hone. The heads of 
the tihia and fibula of the rioket rat were of a complete 
cartilage compositian while those of the non-rioket rat had 
very little cartilage adhering to it. Also of speoial 
interest was that the left fibula of the rioket rat was 
quite malformed as it had an "S" shaped bend in it. The 
femur of the rioket rat had cartilage present at both ends 
and especially on the haad, but the non-riofaet rat femur 
had a paper thin oovering of oartilage over the head. Exam
ination of the pubis and ischium showed it bordered on all 
sides by cartilage in the rioket rat as opposed to practically 
none in the non-rioket rat. This sane pattern was true also 
of the comparison made between the scapula, humerus, radius, 
ulna, and carpals. As regards the vertebra, the oartilage 
between them was again twice as concentrated in the ricket 
rat as it was in the non-rioket rat, especially in the tail 
region between the caudal vertebra. The skull of the rioket 
rat was quite a bit darker than the non-rioket rat and upon 
drying, a dehydration of the bones of the skull occurred.
Then the bones of the rioket rat were pulled apart farther 
than those of the non-ricket rat and also appeared to be
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more 'brittle. The sternum of the rioket rat had good de
posits of oartilage present and especially the xiphisternw;, 
while that of the non-rioket rat was more of a bony consti
tution. The extent of the cartilage adjoining the ribs of 
the rioket rat composed half of the rib casing. Comparing 
this to the condition in the non-ricket rat revealed an 
increase of about 50$ of oartilage in the rioket rat. All 
of these abnormal conditions were diagnostic of the presence 
of the raohitio disorder and showed that in an advanced 
state, it is of a universal nature*

Consequently, to summarise the results of these experi
ments it can be said that a lack of vitamin D in the system 
is sufficient to ahange the animal body from a normal func
tioning whole to an abnormal struggle between the body sys
tems. It is a disorder that the body oannot combat itself, 
but one that requires external aid to be overcome. There
fore, the discovery and work done on vitamin D has been a 
boon to all mankind as it has enabled man to overcome, by 
the proper balancing of his dietary needs, the disease 
known as "Riokets” .

51
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CHAPTER VI 

COITCITJSION

Having discovered the cause and effect of rickets it 
may he recommended that supplements of vitamin D, being 
that it is one of the indispensable essentials of the 
growing animal organisms, be given to those who are de
prived of sunshine, those who have little or no milk in 
their diet, persons suffering from fractures or bone opera
tions, pregnant women, irrespective of diet and season, the 
aged and confirmed, and those who have to observe dietary 
restrictions.32 This knowledge and its widespread use has 
already resulted in much good. The incidence of riokets, 
formerly so large, has been diminished to a remarkable de
gree and also features that were directly and indirectly 
connected with the disorder have been reduced to a minimun. 
However, there is still much that is unknown about the dis
order and there is reason to believe that the unfolding of 
these secrets will reveal still better methods of deteoting 
and treating the disorder.

32. Clark, op. cit., p. 32
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