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INTRODUCTION

Since its discovery and isclation, vitamin D has been
studied from numerous viewpoints without regard for the side-
products produced in the activation process.

The activation of ergostercl involves the formation of
certain intermediates such as lumisterol and tachysterol and
upon continued irradiation some of the vitamin D is converted
to toxic compounds such as toxisteroi and the suprasterols.

The presence of these toxic compounds in the early vitamin D
preparations, led to the development of pure vitamin D prbducts
which have been in use for a number of years. There has however
been recently developed an idea that the natural sources of
vitamin D might contain intermediates which might have physio-
logical value.

From tachysterol there has been produced & campound called
dihydrotachystercl, known in the early history of the compound
as A.T. 10 which has found considerable use in raising the
blocd calciun level in deficiencies of the parathyroid. The
physiological effects of the side-products have not been studied
to any extent, except that in the case of some of them, their
anti-rachitic values have been determined. Certain studies have
also been made on their toxicity and on the effect of the mode
of administration on their physiclogical activity. T~

Because of this lack of information it was considered that
a comparison between pure vitamin D and certain natural

-1
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vitamin D products suéh ag fish oils and irradiated yeast
might yield some interesting results. It was of chief con-
cern to determine whether there is a difference in physio-
logical behavior between the natural and pure productse.

Although most of the work on vitemin D products and on
the various side-products has been perfbrmed on rats and
chickens, dogs and cows were also used in these studies.

The blood picture was studied to determine the effects
of the various products used. Because of the fact that
vitamin D is chiefly concerned with calcium and phosphorus
metabolism, a detailed study was made of the calcium and
phosphorus changes of the blood accompanying the administra-
tion of the various products. In addition some of the experi=-
ments invelved the determination of the acid and alkualine

phosphatase level in the blood.
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HISTORICAL

A. General

In 1906 Hopkins suggested that rickets wes due to same
deficiency of nutrition. Availsble evidence at that timé
pointed to the conclusion that the supposedly adequate diet
needed samne supplémentary constituent in order to prevent
rickets. Exhaustive investigations have confirmed the views
that rickets has to be considered as a deficiency disease.
The names of Mellanby, McCallum, Sherman, and Pappenheimer
are prominently connected with this worke. |

It was found that experimental rickets could be induced
in dogs by giving them a diet from which the antirachitic
principle was missing, and on the other hand that experimental
rickets as well as the rickets occurring spontaneously could
be cured by supplementing the diet with certain oils containing
the antirochitic substance. Of these, cod liver oil proved to
be the most effective, |

The symptoms of rickets consist mainly in changes in the
development of the skeleton and are usually accompanied by a
general lowering of the vitality and by a retardation of growth.

The development of methods for producing experimental
rickets made it possible to test different food stuffs for
their antirochitic properties. As experimental rickets can be

cured by supplying the antirachitic substances it is possible

=3~
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to work out the doses necessary to cure rickets. This is called
the "curative‘test". The second method of testing consiéts in
determining the amount of a antir8chitic substance necessary to
prevent the development of rickets. This is called the "preveh—
tive test. It has been found that doses necessary to cure
ricketé are always greater than the doses preventing rickets.
More recently chemical methods have been used for the determina-
tion of vitamin D.

The discovery of methods of producing experimental riékets
followed by the development of tests for measuring the anti-
rachitic value was the first great advance in elucidating the
naturé of rickets.

The second great discovery was due to & German physician
Huldschinsky, who in 1919 found that cod liver oil was not the
only curative agent for rickets, and proved by & large number
of clinical observations that light, and especially ultra-
violet light, had excellent curative action for human rickets.
Later, 1922, Hess and Lindhagen, observed that the blood content
of inorganic phosphate decreases and increases with the seasonal
changes of ultra-violet light from the sun. Rats placed on a
rickets-producing diet could be protected against rickets by
sunlight. Ultra-violet light therefore had the same effect as
the substance vitamin D.

The connecting link between these apparently unrelated

observations was the third great discovery in this field.

-
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In 192, Hess and Steenbock found simultaneously that it was by
no means necessary to expose the rachitic animal to ultra-violet
light provided the food was irradiated. The interpretation of
this discovery was soon found. The foodstuffs as well as the
skin contain substances which on irradieation with ultra-violet
light produce vitamin D. These substances are called pro-
vitamins D. Their presence is easily demonstrated. Vegetable
oils inactive before irradiation becane active after irradiation.

The naturally-occurring vitamin D seems toc be formed by
photochemical processes from & pro-vitemin D. Summer milk is
richer in vitamin D than winter milk. This is due largely to
the production of vitamin D in the skin of the animals,

The origin of vitamin D in fishes is not yet clearly under-
stood. The cod fish lives at a depth where the necessary amount
of ultra-violet light ies not considered sufficient for the forma-
tion of vitamin D, Drummond (1) assumes that the cod possesses
an exceptional power of storing vitamin D. Coppens and Metz (2)
found that the tissues of the lungs of rats destroys vitamin D,
The absence of lungs in fishes might account for their large
storing capacity. Another possibility would be a biochemical
synthesis of wvitamin D in fishes.

The investigation of irradiated vegetable oils gave evi-
dence that the active principle is to be found in the unsaponi-
fiable part of the oil. The phytosterols, therefore, were

examined. After irradiation they became active; the same
-5‘
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activation was observed after the irradiation of crude choles-
terol. Thus in 1925 it was first believed that the pro-vitamin
D was a stercl. v

Tn 1927 Pohl (1) investigated the ultra-violet absorption
of cholester§l. The maximum was found at 280 mu. During irra-
dietion the maximum is shifted to the ultra-violet. After a
short irradiation this shift was so considerablé that a large
quantity of choiesterol was supposed to have undergone a photq~
chemical itransiormatvione The enalysis of Uvhe ixTadiatsd
material indicated it to be mostly cholesterol, and also same
antirachitic substance. This activity was lost by recrystal—
lization from alcohol. *Rosenheim and Webster (3) obtained
the same result, by purifying irradiated cholesterol by forma-
tion of the dibromide or dichlorides In so doing all of the
original activity was lost. Consequently the vitamin D must
be assodiated with cholesterol or the phytosterols. The study
of +the absorbtion spectra of pure and crude cholesterol indi-
cated that the crude cholestercl had a maximum at 280 mu
whereas the purified cholesterol ﬁad a maximum at 240 mu.

L In 1927 Windeus (L) -compared the absorption spectra of
all the known sterols with that of pro-vitamin D. They dis-
covered that the ateiol of ergot, ergosterol, had the same
absorption spectrum as provitamin D. They irradiated ergosterol
and got a product 1000 times more active than irradiated

cholesterol. This proved ergosterol to be pro-vitamin D.
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It was now assumed that ergosterol is associated with the
known sterols, especially those of the skin. Its presence
in skin was supposed to account for the formation of vitamin
D upon exposure to some scurce of ultra violet light. The
reason for the long delay in isolating the naturally-occurr-
ing pro-vitemin D is easily seen. Its solubility is so much
iike that of cholesterol that it was difficult to separate it
from cholesterol.

T T R e P
VELY Ay SIgudSucivd o

Afver the disc
changed into a strongly antirachitic substance the isolation
of pro-vitamin D and of vitamin D from natural sources was
postponed, and researéh was concentrated on the active sub-
stances formed by irradiation of ergosteroles This work was
troublesome and slow, Little progress was made until 1931
when Windaus in Germany, and Askew, Bourdillon and their col-
laborators in England reported the isolatioh of pure crystal-
line vitamin D from irradiated ergosterol.

Windeus and his colleagues realized from the beginning
that the irradiation of ergosterol produced a mixture of com-—
pounds. ‘The first antirachitic product isolated from irra-
diated érgosterol was & mixture of equal molecular amounts\
of vitamin D with a second irradiation campound called lumi-‘
sterole This mixture wes designated as Vitamin Dy. A year
later Windaus, Linsert (5) and their collaboraﬁors succeeded

in isolating pure crystalline vitamin D. This was now
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designated as Vitamin Dy The name calciferol, used in the

English literature, was originally applied to Vitamin Dy but
was later transferred to Vitamin Dy. Vitamin Dy and calci-

ferol are used synonymously.

In the following years other products of irradiatiocn of
ergosterol were found by Windaus. They are arranged in the
following photo-chemical series:

ergosterol——— lumisterol——> tachysterocl——

o b omwrd mde o

o o B e E U o Y -~
Vd.badsty U2——_—P VUUALD UTL VAL

Suprasterols

An elementary analysis of these products gave the strik=-
ing result that all have the same formula as ergosterol;
namely, Czsﬁhho. Like ergdsterol, they all are unsaturated
sterols. The first assumption was tha£ the action of light
on ergosterocl produéed mainlywste:ic rearrangements and shift-

ing of the double bonds. Further investigations by Lettrew(6)
showed that the process was far more complicated than had been
thought in the beginning.

All proof to date has shown that the antirachitic property
depends on the presence of a free hydroxyl group present in
the 3 ring skeleton, provided with three conjugated double |
bends in closely limited positions.

The toxic éffect is produced by substances which contéin

two or three conjugated double bonds in the 3 ring skeleton.

‘8-
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This is summed up by the following table taken from Friedmapn's

book, "Sterols and Related Compounds", pge 60 (7).

Conjugated Isolated Anti-

Double Double Double rachitic
Ringg Bonds Bonds Bonds Toxic
Ergosterol L 3 2 1 -— -
Lumisterol L 3 2 1 -— -
Tachysterol 3 h 3 1 - +
Vitamin Do 3 h 3 1 + +
Toxisterol 3(2) L(2) 2(2) 2 () - +
Suprasterocl I L 3 - —_— — -
Suprasterol II 4 (3) 3 (k) - 3 (W) - -

The successful isclation of a substance with highly anti=-
rachitic properties fram irradiated ergosterol brings the re-
search back to its starting point--the isolation of vitamin D2
from natural sources. Was the vitamin D in cod liver oil similar
to or identical with the vitamin D2 from irradiation of ergosterol?
Much evidence showed this to be true. The chemical composition,
solubility and reactions towards different reagents was similar;
it was toxic in high doses, and offered the same ratio: between
toxie and antirachitic doses &s vitamin Dy« However, its physio-~
logical activity indica£ed that there was a difgerenée. A can~
parason of their antirachitic activity shdwed'no difference in
rgts with vitemin Dy, but in the case of chicks the vitamin D
from fish oil sources was much more powerful.

Windaus subseguently discovered the existence of another
pro-vitamin D; namely, 7-dehydrocholestercl. This compound

bears the same relétionship to the vitamin D in fish liver oils

-9
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as ergosterol does to Vitamin Dj.

In 1936 Werder and Windaus (8) isolated vitamin D3 from
the irradiation products of 7-dehydrocholesterol.

A.T. 10 or dihydrotachysterol a derrivative of an irra-
diation product of ergosterol, is known to have important
effects upon calcium and phosphorous metabolisme. This has

“been amply shown not only by Holtz (9) and others, its
discoverers, who showed its ability to raise serum calcium

-~ A - P N R - —

concentration after removal of the parathyroids, but alsc by
the studies of Albright (10,11) and collaborators on the
metabolism of calcium and phosphorus in idiopathic hypopara-
thyraidism and in rickets. They compared the effects of

A.T. 10 with those of vitamin D, and parathyroid extract.

It is their thesis that vitamin D has two primary actions;

to increase phosphate excretion in the urine, and to increase
calcium absorption from the gastrointestinal tract. Parathy-
roid hormone does not increase absorption of caleium but does
increase rhosphate in the urine markedly. According to these
authors A.T. 10 has the same two actions as vitamin D, but
increases calcium absorption less and phosphate excretion
more. In confirmation of this hypothesis it has been shown
that A.T. 10 will prevent or cure rickets in rats producediby
a low calcium-low phosphorus diet in the same dosage that is
without effect on the rickets produced by the classical high
calcium-low phosphorous diets by Shohl, Farr and Forber(12).
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It has been reported by Hornapp (13), that A.T. 10 has 1/400 to

/" 1/600 the éntira’chetic potency of vitamin Dye Shohl and Forber
(1) have shown that A.T. 10 in amounts which approximate toxic
dosage, is effective in preventing experimental rickets in rats
fed a high-calcium-low phosphor;ls rachitogenic diete.

It was noted by Hess and Supplee (15) that irradiated
ergosterol is much less effective than vitamin D from natural
sources in promoting normal calcification in the chick. These
observations have been amply confirmed, but no satisfactory
explanation of the phenomenon has been found. Recently, Correll
and Wise (16) have shown that one antirachitic rat unit of de-
hydrotachysterol is equivalent in the chick to between 4 and 5
units of the U.S.P., Reference Cil. A similar relationship of
dose level to ratio of effectiveness for the chick has been
shown to exist between vitamin D, and natural vitamin D by
Massengole and Bells (17). .

Summarizing there exists this peculiar situation: Vitamin
D, is equivalent in the rat to 40,000 U.S.P. Units per milli-
gram (Cawood 18) but in the chick to only about 1000 U.S.P.
Units, Remp and Marshall (19). Vitemin D3 is equivalent to
140,000 U.S.P. Units in both rat and chicken and crystalline
dihydrotachystercl is equivalent to 80 U.S.P. Units per milli-

gram but to about 360 units in the chicken., Most recent work

shows vitamin Dp and Dj equivalent to.about 50,000 wnits per
milligram.
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Russell and co-wc;rkers (20,21) have attempted to explain
. the lé,w effectiveness in the chick by showing that the amounts
of vitamin Do and natural vitamin D recoverable from the feces
of the chick are quite comparsble (26.5 &nd 3l4.1% of the dose
administered respectively). It was not definitel;\r settled
whether or not any of the remainder of the dose was destroyed
in the digestive tract. They did show that the vitamin D3

was effective in the chick when given either by mouth or intra-

peritoneally; whereas six times as many units of vitamin Dp
given intraperitoneally in oil failed to promote equivalent
calcification, TFrom these studies they concluded that the low
effectiveness of vitamin Dy in the chicken could not be attri-
buted to failure of abscrption from or destruction in the di-
gestive tract,

McChesney and workers (22,23,24), found that the ratios
of oral effectiveness in the chick of D3 to D2 was 35:1 and
of dihydrostachysterol to D3 = L.5:1 confirming the work of
other workers. Most workers have found vitamin D3, Dp, and
DHT most effective when given orally. These authors (25)
have also found in studying of the oral and par_enteral utiliza~
tion of vitamins Dy and D3 that the latter (D3) is somewhat
better absorbed from the digestive tract.

Correll and Wise (26) found A.T. 10 had an antirachitic

potency of 300 units per mgm by rat technique. They also

found that the action of A.T. 10 resembles that of vitamin D
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rather than ﬁhe parathyroid hormone. Rat unit for rat unit
they found A.T. 10 four times more effective as an antirachitic
than vitamin D from cod liver oil. On a rat unit basis they
also found A.T. 10 to be nearly 200 times more effective on the
chick than D,.

Jones and Rapaport (27) found that irradiated ergosterol
fed to dogs on basis of 30,000 units of vitamin D per kilo of
body weight produced a hypercalcemia. Schneider and Steenback
(28) found that a synthetic diet low in phosphorous and iree
of vitamin D produced rickets, but when supplemented with
sufficient phosphorous and vitamin D, it.. sufficed as the sole
source of nutrients for three successive generation of rats.
They found thé,t vitemin D induced the utilization of P by
bone, thereby depriving the soft tissues of their supply of
P, which in turn inhibited growth.

Correll and Wise (29) found that the antirachitic vitamin

-~ from several sources exerted varying degrees of influence on
the phosphatase values in chicken serum. Cod livér oil was
more effective than irradiated ergosterol and the tuna liver
oils in reducing serum phosphatase activity in the growing
chick,

In 1938 Rapaport and Guest (30), reported that in rats
given a high Ca and low P diet (rachitogenic) the development
of rickets was associated with decreases first of inorganic

 .~3; A P and of adeosinetriphosphate (A.T.P.) and then of diphospho-

glyceric acid in the blood cells, In the healing of rickets,
-13- |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the reverse of this process was found to take place. They
suggest the following scheme:

Triosephosphate = pyruvic aecid phosphoglycrate L

Hexosephosphate
Inorganic P

Adenosinetriphosphate

Jones (31), in 194kL, found small doses of vitamin D given
to rats kept on a 1owxphosphorus~high calcium diet produce a
hypercalcemig, Irraéiated ergosterol, pure calciferol, or
irradiated 7-dehydrocholesterol were equally effective, whereas
A.T. 10 was much less effective. The degree of hypercalcemia
produced was dependent on the amount of vitamin D administered.
The degree of growth inhibition was directly related to the
degree of hypercalcemia. Calcification as judged by femur ash
was greater in those cases in which there was a definitive in-

"~ crease in calcium. Thus this data gave additional support in
favor of the view that vitamin D increases the absorption of
calcium from ﬂhe intestines and serves to indicate the import-
ance of the calcium~-phosphorus product of the gserum in caleifi-
cation.

Waddell (32) has shown that irradiated crude cholesterol
is equivalent to cod liver oil and.superior to irradiated
ergosterol in preventing the development of leg weakness in
chicks., Bethke (33) has suggested that perhaps two or more

factors may be present in irradiated ergosterol, one of which

<1l
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is effective in both the chicken and the rat and the other only
in the rat. This doesn't seem to hold because it has been
shown that crystalline vitamin Dy and Viosterol were found to
have relatively the same potency when tested on rats as well as
on chicks. Thus in the chick it seems to be a matter of the
degree of utilization of the several forms.

McChesney (3l) found that differences of absorption and or
destruction can not alone account for the very high doses of
vitamin D, needed to produce the hypercalcemic effect in chicks.
It required 125 mgms per kg of vitamin Dy to raise the serum
calcium to a level of 12 mgm %. This level was also reached
in the chick-with-a dese of 10 mgn per—kg-of wvitamin D3 but
not after a dose of 5 mgm per kg. Caward (35) in a group of
separate researchers establiBhed that vitaminé‘Dzvand Dy have
the same antirachitic potency in rats; i.e., 40,000 I.U. per
mgm. Russell (36) in a review.concluded that the vitamin Dy
was 30 times as effective as Dy, and 6 times as effective as
AT 10 in the chick. Toxic effects were cbserved when cod
liver oil was fed at about 5000 times, the calciferocl at sbout
100 times, and A.T. 10 at about 10 times the levels necessary
for normal mineral metabolism. Morgan and Shimatori (37) in
their work on dogs fed various sources of vitamin D, and D3
that there was produced a prolonged blood calcium rise, which

was greatest in the case of irradiated ergosterol followed by

. Delsterol and Tuna liver oil.

-15-
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Sherman and Booker (38) found that when the diet was com-
posed of natural food stuffs arranged so as to make calcium the
sole significant variable, that at each of the ages studied,
the amount of calcium in the body of the growing animal varied
in accordance with the calcium content of the diet., Lanford
and Sherman (39) found on diets of different calcium levels
that although the percentage of body calecium finally reached
on the two higher caleium rations were the same, the rate of
calcification was somewhat greater on the diet providing .8
percent then on that‘with »6li percent of calcium. Jones,
Rapaport and Hades (40), in working with dogs, report that the
source of the calcium in the hypercalcemia produced by irra-

diated ergosterol i1s the food and not the body tissue. Green-
wald (L1) observed that it was impossible to establish a
definite relationship between the ccncehtrations of calcium,
phosphate, and protein in the sera of dogs.

Klein and Russell (42) found that of the irradiated ergos-
terol fed to chicks during the first L weeks of life, 26.5 per-
cent was recovered in the droppings; When cod liver oil was
used 43.1 percent was recovered.

Outhouse, Smith, and Twomey (L43) found that rations con~
taining lactose and cod liver oil caused greater retention of
calcium, phosphorus, and magnesium than rations containing

" starch or sucrose.

-16=
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McLean (L) found that dihydrotachysterol and calciferol
are highly effective in increasing the concentration of cal-
cium in the blood and in relieving the symptoms resulting fram
hypocalcemia in cases of insufficiency of the parathyroids.
He found no toxlc effects when administered over considerable
periods of time. Albright and co-workers (L45) working with
human subjects established the following results with vitamin

il

D, A.T. 10, and parathyroid hormone:

Calcium Phosphorus excretion
Absorption in the urine
Vitauin D + 4+ 4 *
A.T. 10 . + + + +
Parathyroid extract 0 ++++

Cohn and Greenberg (L46) in their work with radiophosphofus
and vitamin D coneluded thiat the influence of vitamin D on the
deposition of inerganic;phos'phorus in the bone of rachitic rats
must be ascribed to a more direct effect.than one merely result-
ing fram an increasing absorption. They thought that vitamin D
must have a specific effect on organic bone phosphorus and a
specific role of this fraction in bone formation is indicated.

McDonald and Massengole (47) found that massive doses of
irradiated ergosterocl administered to pullets gave only 185
times more vitamin D potency in the eggs than did one ten
thousa;ndth as much vitamin D4 (in the form of cod liver cil).

Russell, Taylor and Wilcox, in work on chicks (L48) obtained
essentially the same bone ash percentages when vitamin D was

administered by injection or by capsule.

~17-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Be Antirachitic Compounds and Side Products

Vitamin D is shown to be a generic name for a class of
substances possessing antirachitic properties. Certain mem-
bers of the group have been purified, and their structures
elucidated. The commonest procedure for the formation of an
antirachitic substance is irradiation with ultra-violet in
which ergosterol and 7 dehydro cholesterol are the ﬁsual
starting compounds. Antirachitically acting products may
also bs produced from cholesterol by a fariety of chemical
procedures. These products have however not attained commer-
cial importance. (49).

The more common antirachitic compounds are listed belows:
(1) Vitamin Dy, Califerol. The product of irradiation of

ergosterol. This occurs in many irradiated foods of
plant origin.

(2) Vitamin D), 22-dihydrocalciferol. The product of irradia-
tion of 22-dihydroergosterol.

(3) Ertron. This is electrically activated ergosterol and
may possibly be a distinct entity.,

(4) The product from the action of nitrites on ergosterol.
This substance is feebly active but is certainly different
from other forms of vitamin D which are destroyed by
nitrites. _

(5) The product of irradiation of 22, 23-oxido-ergosterol.
This substance is also feebly antirachitic.

-18-
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(6) Vitamin DB’ irrediated 7-dehydrocholesterol. This has
been shown to be the chief form of the vitamin found
in certain fish oils,

(7) The product of irradiation of 7=dehydrositosterol. This
probably occurs to a small extent in nature, although
it is only feebly antirachitic.

It has been shown, that in addition to these compounds,
there is a possibility that still other forms of vitamin D
may exist in cod liver oil or in other natural products.

Tt has been shown that a real and significant differ-
ence, both quantitative and qualitative, exists between the
chick and the rat in the reaction of the various forms of
vitamin D, and it 1is concluded that recent studies of the
action of several forms of vitamin D show that the human re-
acts in general in the same manner as the rat to the various
vitamins. D.

In the irradiation of ergosterol there are formed as
previously mentioned several side or related products such as
lumisterol, tachysterol, toxisterol, suprasterol I, and Supra-
sterol II. Their antirachitic activities are relatively
slight although certain workers have shown some of their der~
rivatives such as dihydrotachysterol, to have appreciable
antirachitic effect and a particularly marked influence on

the blood calcium level,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cs Effects of Anti-rachitic Compounds and Side-products on
Mineral Metabolism

The study of the influence of vitamin D on mineral
metabolism has occupied the attention of many investigators,
and it should be appreciated at once that such investigations
-offer many difficulties. As a conseque. ce, the observations
have not been uniform, and the conclusions have led, there-
fore, to much confusion.

Eddy and Dalldorf (50) in their work on the calcium
intake of rats found that normally the rat loses 20 to 4O per
cent of the calcium intake and 15 percent of the phosphorus
in the feces, whereas in rachitic animals the calcium loss
amounts to 90-100 percent and bhosphorus 60-=70 percent. When
vitamin D is administered to rachitic rats restores the pro-
portionate absorption. This makes it appear that the function
of vitamin D is to pramote sbsorption of calcium and phosphorus.
The process 1is somewhat more complicated however. Kern and

~ Montgamery (51) found that on high doses of vitamin D, there
was an increased intestinal absorption of ecalcium and to & less
extent phosphorous.

Taylor and Weld {52) in their work on rats found that
vitamin D hypercalcemia was due to mobilization of calecium from
the bones and that the vitamin depressed the power of the in-
testine to excrete calcium. Bauer, Marble, and Claffin (53)
found no effect on nitrogen metabolism from the ingestion of

vitamin D over periods up to & month or more. Blood calcium
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and phosphorus levels were likewiée unaffected. They found
the mineral balances not appreciably affected.

Ih aﬁ‘interesting study of the effects of vitamin D on
calves, Duncan and Huffman (54) found that there was but
little alteration of blood calcium, whereas inorganic phos=
phorus was increased definitely and returned to normal levels
after fourteen days. There was decreased fecal and increased
renal excretion of both elements.

Wallis, Palmer, and Gullickson (55) reported that a cal-
cium=phosphorus retention ratio of 2 was present in both normal
and rachitic calves and that vitamin D increased retention with-~
out altering the ratio. Patroharden and Chitre (56) claimed that
L4500 units of vitamin D fed daily to adult rats increased rénal
excretion of calcium, phosphorus and nitrogen.

Reed, Struck, and Steck (57) in their mineral balénce study
on humans with arthritis, cculd reach.no definite conclusions
because of such variationse

Nicolaysen (58, 59, 60, 61, 62, and 63) in a series of
studies on rachitic rats has shown that the rat may adapt itself
to excess viteamin D which would cause incénsistent results as:
in the case of the humans with arthritis. He also found that

: with varying levels of calcium added to this diet, the output
of endogenous phosphorus in the feces was progressively increased,
but the vitamin geﬁerally inhibited the increase to some extent.

With varying levels of phosphorus in the diet, the fecal output

2] -
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of calcium was likewise progressively increased and again the
increase was less when vitamin D was given.
It is apparent that there is no conventional picture of

" mineral metaboiism in arthritis and that there is no character-
istic response to vitamin D that can be considered specific in
this relation. Also it is apparent that the vitamin is capable
of producing opposite results under different conditions. What
factors are responsible for establishing the point of reversal
is not entirely clear, but certainly the size of the dose is
not the only factor involveds The absolute amounts of calcium
as well as the calcium-phosphorus ratio, the state of the
digestive tract as well as of the liver, are all concerned.
There may be many other important influences.

D. Effects of Antirachitic Compounds and Side-products on
Blood Constituents

Since the blood stands as an intermediary between the
alimentary canal, the peripheral tissues, and the kidneys, it
is where one would expect to look for some clue as to the
nature of the metabolic responses to vitamin D. Alterations
in blood camposition are not always specific and often cannot
be interpreted alone, yet certain trends are recognizable as
more or less indicative of changes in the tissues. Although
it is probable that too much stress has been laid on certain
blood changes in response to vitamin D, yet in the absence of

better criteria it has been necessary to make use of such
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data in seeking information of its action.

Schmidt and Greenberg (64) in their studies on some of
the electrolytes in body fluids found the physiological
range for calcium in the blood of humans to range between 9
and 11.5. The normal blood calcium level iu most common
laboratory animals is of about the same order as for man except
in caée of birds during the laying season. Species differences
are not readily explained.

Quite commonly one finds statements to the effect that the
action of vitamin D is to produce hypercalcemia or hyperphos-
phatemia or both, yet there is sbundant evidence that either one

may occur independently or that neither may follow the adminis-

tration of large amounts of vitamin D. Very often the experi-
mental conditions are not sufficiently standardized to. enable
one to determine just why a given variation occurs; in fact,
even when all conditions are as well standardized as possible,
it may still be difficult to account for these variations.

There is now incontrovertible evidence that a high degree
of hypercalcémia of long duration is compatible with life.
Sustained.hyperphosphatemia is much more likely to disturb
body functions. Some years ago Reed and Leed suggested that
the primary gross effect of vitamin D is one of stabilizing
calcium-phosphorus metabolism, regardiess of direction.

Not many observations have been reported on the effects of

vitamin D on the formed elements of the blocd. Phillips and
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colloborators (65) have shown vitamin D to increase the
thrombocytes of the blood and to decrease coagulation time
in rats. Sure and Kik (66) in their study of hematopoisis
in rats found that anemia of rickets is not due tc a2 vitamin
D deficiency.

Taylor, Weld, and Branion and Kay (67) reported that
vitamin D greatly reduced the phosphatase content in the rat,
rabbit, fowl, and dog. Leenhardt and co-workers (68) in their
studies of richitic children found that the acid soluble phos-
phorous was increased markedly whereas the phosphatase activity
was decreased.v

Dreyer and Reed (69) worked with a group of arthritic
patients fed massive doses of vitamin D and found that the
sérum phosphatase activity was apparently of little use as an

objective diagnostic test in arthritis, because of the wide

variation in values found.

In summary, studies on blood showed that the only con-
stituents affected in any consistent manner by massive doses
of vitamin D were total ealcium (upward), cholesterol, glu-
cose, phosphatase (general trend downward), and phosphorus
(upward) .

Dihydrotachysterél has been shown to cause increases
in both phosphorus and calcium and a downward trend in phos~

phatase activity.

-2l
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Ee Toxicity of Antirachitic Compounds and Side-~products

The voluminous discussion of the toxic effects of vitamin
D has been complicated by a numberuof confusing factors. 1In
the first place standard terminology is still lacking.
"Hypervitaminosis D", and "Vitamin D intoxication'", have all
been used loosely and interchangeably to designate the same
physiologic state. Evidence has shown that there is a definite
distinction to be made among these terms. There has also been
a genaral failure to record guantitatively viie dosage of vita-
min D in relation to body weight and to indicate the duration
of administrations Moreover the species variation in suscepti-
bility has very often not been taken into account. Then too,
the purity of the vitamin D preparations used was unQuestionably
a factor of importance in all the work on this problem up to
the period when caleciferol or vitamin Dy was made available.
Most work thereafter did not differentiate between the effects
produced by the early impure preparations and those of pure cal-
ciferol, TFinally the symptoms of intoxication heve not always
beén as closely observed as would be desirable, nor has due
account been taken of the influence of diet and of other physio-
logical factors.

Both toxisterol and tachystercl are capable of producing
severe symptoms of intoxication. Furthermore both produce histo-
logical and chemical changes in the body tissues generally

that are definitely pathologic.
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‘ Calciferol slso is able to produce toxic effects. Herein
lies the justification for the assumption that hypervitaminosis D
and vitemin D intoxication are one and the same state. The can—
mon occurrence of hypercalcemia in toxic conditions at first
led to the assumption that this phenomenon was responsible i‘or
the toxic condition. Reed and Thacker (70) have called atten~
tion to the frequent occﬁrrence of hypercalcemia of long dura-;
tion without any symptoms of toxicity, TIrom +their studies they
concluded, therefore, that vitamin D intoxication and hyper-
calcemia are not synonymous, although the two conditions may
exist simultaneously.

The identity of vitemin D intoxication and hyperparathy-
roidism are not thought to be identical in as much as not all of
the objective and subjective evidences of intoxication by one or
the other can be proved by an excess of the other. Hyperavita-
minosis D and the vitamin D intoxication can not be u;ed synony-
mously inasmuch as the toxic threshold varies among individuals
and thus hypervitaminosis D does not inevitably lead to intoxi-
cation. Obviously, & subject receiving 30,000 units of vita-
min D per kilogram per day is in a state of hypervitaminosis D,
even thoﬁgh no toxication occurs. Likewise the subject receiv-
ing 2,000 units per kilogram per day, may under some circumstances
show a toxic condition but scarcely can be said to be in a2 condi=-
tion of hypervitaminosis D, since an increase of vitamin D concen-
tration im the blood stream may not be demonstrable.

2B
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It is suggested, therefore, that “hypérvitaminosis D" be
employed to designate only those states in which the concentra-
tion of the vitamin in the blood stream can be demonstrated to
be definitely increased. Regardless of ?he amount ingested,
if it is not circulating it must have been metabolized, stored,
excreted, or unabsorbed, and there can be no hypervitaminosis.
If under these conditions a toxic state develops, it is ob-
viously not hypervitaminosis per se although probably a second-
cary effect thereof.

It is apparent that in some respects the toxic action of
vitamin D is not unlike the dehydrating effect of parathyroid |
extract Basset (71). It is apparent also that the toxic action
may affect any and all tissues but the kidney is most commonly
involved, Moreover, the effects seem to be exerted on tissue
cells, and within physiological ranges of application there is
improvement in cellular function./ However this process appears
to be reveréible by either a deficiency or an excess #s pointed
out by Fieudenberg (72).

Widenbauer (73) claimed that vitemin A or B complex protected
mice against toxlcation with either vitamin D or dihydrotachy=-
sterol. Numerous reports have indicated that activated ergosterol
is more toxic than cod liver oil with camparable vitamin D
unitage.

- Investigations with memmals have generally’indicéted that

massive doses of vitamin D are toxic, demonstrating increased
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caleium levels accompanied by bene dissolution. . The less fre-
quently studied by-product of ergosterol irradiation dihydro-
tachysterol has been shown by Correll and Wise (7h4) to have a

low antirachitic effect and for mammals, it is hypercalcemic

i

and toxic. :

In summing up the toxic effects of these compounds, we
find that severe and fatal toxication may be produced by exces-
sive amounts of vitamin D. The encidence and severity may be
conditioned by:

(1) the dose per unit of body weight

(2) the duration of administration

3) the composition of the diet, in both mineral and
organic content

hg"the state of the alimentary tract
the species susceptibility

) individual susceptibility

) age

) pre-existing pathology

) the vehicle in which the vitamin is administered

(10) the route of administration

(11) the functional state of the endocrine system

(12) the purity of the vitamin preparation

(13) the source of the vitamin

(1L) probably other factors not yet recognized

(
(
(5
(6
(7
(8
(9
10
11

There is & tendency to deposition of calcium and, to &
lesser extent, of phosphorus in soft tiséues with approach teo
a toxic stage. This process is reversible to a considerable
extent and apparently leaves no chronic injury.

The incidence of toxication in human subjects is relatively
low. The thresheld of toxication for humans and dogs appears to
be 20,000 U.S.P. units of vitamin D per kilogram of body weight
per day for most preparations used.

=28~
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Of all tissues studied the kidney appears to be the
most vulnersble, and the aorta next. Nevertheless hyperten--
sion haé not been encountered in human subjects.

The extreme pathological changes described in animals
have, with few exceptions, been produced by doses of vitamin
D greatly in excess of the highest doses recommended for
human therapy. If the doses are calculated on the basis of
unit weight.

S} have recently shown

with dogs doses of vitamin D (pure‘calciferol) ranging from
1600 to 2800 units per kilogram for 37 to 102 days, the
bloqd pressure was increased from an average of 134 mm be-
fore trestment to 149 mm after treatment. They also found
that renal damage was produced by doses in the range of 20,000
units per kilogram per day or above. Doses of 4,000 units
were harmless and even beneficial, Evgn on the large doses
they found that the arteriolar musculature could recover with
no permanent démage. In young animals however regression of
the thymus might occur resulting in cessation of growth.

Changes described were found only in the kidney and to
a lesser extent in the spleen. Larger doses produced similar
changes in the neurohypophysis, thyroid, gonads, adrenal and

pancreas. The aorta was not affected except by still larger

doses,
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CHEMISTRY OF THE PROVITAMINS D AND OF THE
TRRADTATION. PROCESS

An understanding of the structure of the molecule of
vitamin D and of the chemical reactions leading to its forma-
tion as well as of the changes brought about by various chemi-
cal and physical agents can best be gained by a discussion of
the chemistry rof sterols. This is due, of course, to the
fact that vitamin ﬁ is derived from sterols, both in nature
gnd in technical menufacture.

The chemistry of sterols since the isolation of cholesterol
from gall-stones by de la Salle about 1769 has been reviewed by
Fieser (76) and Bills (77). Sterols have been found in practi-
cally all animal and plant tissues——a fact which has led biolo-
gists to the conclusion that they have some important functions
in cellular metabolism. Another indication of this importance
is the fact that it has'been amply proved that synthesis ﬁay
take place in the animal organism.

The elementary formulas of most of the sterols which have
been isolated in pure form have been derived, and a féw of
these ére included in the following table, which lists alsc

the melting point, optical rotation, and chief source of

certain of the more common sterols.
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Name Formule M.P. ®JD Occurrence

Cholesterol Co7HN60  150° -38.8° A1l animal cells
Dihydrocholesterol C27HL80 ih2 +28.8 Companion of cholesterol
Coprosterol Co7HE80 102 +23.5 Feces

Ostreasterol CogH),80 3 -43.9 Oysters, gastropods
Lanosterol C30Hgoo.' 141 +58.0 Wool fat

Agnosterol C30HL80 162 +70.,6 Wool fat

Ergosterol CogHy),0 163 -133.0 Ergot, yeast

Sitosterol C29Hg0 146 -h42.L4 .Fats of higher plants
Stigmasterol CogHj,80 170 -45.0 Calabor beans, soy beans
Chincol 0293500 1,0 ~2L.0 Chinchona bark
Fucosterol 029Hh80 12y <38.4 Algae

Tymosterol Cooly1 0 110 +47.3  Yeast

The study of the chemistry of sterols has assumed a greater
importance in fecent years since it hés beén found that in addition
to vitamin D certain other biologically important‘substances are
also steroidderrivatives. TFor example ceftaih of the sex hormones

v are modified sterols. The bile acids are steroils, as are certain
cardiac poisons such as strophanthin and the toad poisons such as
bufotoxine. “bertain of the carcinogenic hydrocarbéns contain the
phenanthrene nucleus found in all sterols.

So far as is knoﬁn at present, all sterols are modifica-

tions of the gemeral structure shown in formula I.
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- The rings are not srometlic in nsture dut ere not
necesserily comletely seturrted. The elde group, indi-
creted hy R in Foroule I, varies vwith the sterol end méy
be sztureted or contsin one one double bond. The sccept-
ed formulas of cholesterol gnd ergosterol sre given in
Formulés II and III ¢ exeaples and for comgwrison. &
typicel plant sterol, stigmeeterol, is shown in Formuls
IV.
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It is noticeable that these three formulas have a remark-
able similarity in spite of the wide diversity of the sources
of the sterols they represent. It is to be noted further that
the greatest differences lie in the side chain, and'indeed the
variatiohs in chemical and physiological behavior are asso-
ciated more with changes in the side chain than with any deep
seated rearrangements or substitutions in the ring system it-
self. The nucleus is remarkably stable, and only strong
methods of treatment will cause rupture.

Other properties of the sterols may be explained by the
formulas given. They are all secondary alcohols, since the
ring to which the hydroxyl group is attached is saturated.,
Thus they are neutral rather than phenolic. They are readily
esterified. A large proportion of the cholesterol in mammalian
tissues exists as esters of various fatty acids. As would be
expected from sterie considerations as well as from the general
properties of all secondary alcohols, the esters are readily
saponified.

The similarity of structures II, ITI and IV suggests that
the physical and chemical properties would be expected to vary
little among the various sterols., This is the case. Sterols
can be prepared from their various natural sources without
great difficulty, but even when such preparations yield cry-
stalline products they are almost invariably mixtures of two

or more sterols. The separation and purification of a single
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sterol is a process often requiring great ingenuity and fre-
quently taxes the resources of the chemist to the utmost,
since solubilities are almost identical, and distillation is
difficult. In addition sterols form molecular compounds OF
complexes with each other which are exceedingly difficult to
separate.

Formulas I, III, and IV indicate also the vast possibili-
ties for formation of stereoisomers. There are eight . asymetric .-
carbon atoms in cholesterol as well as in ergosterol. On this
basis alone, two hundred and fifty six isomers of each substance
are possible. The ring structures present opportunities for
cisand transisomerism. These possibilities are ﬁnpﬁrtant, since
many of the various naturally occurring sterols differ from one
another only by spatial configuration of the groups around cer-
tain 6f the assymetric carbon atams. When it is remembered
that no chemical or physical differences“exist between optical
antipodes except the rotation of polarized light and that the

v~ differences between c¢is and trensisomers and between epimers
- are often not very great, the difficulties of separation and
identification of the various sterols are readily understood.

Altho there has been accumulated a rather large amount of
information regarding reactions of sterols, most of this has
not been of particular interest for presentation here. The
reactionswhich are useful for analytical purposes may be des-

cribed briefly here, since they are similar to reactions which

-3~
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Reproduced

have been studied in attempts to develop a chemical procedure
for the assay of vitamin D. Certain sterols when treated with
strong acids under &ehydrating conditions give rise to colored
compost.

These reactions form the basis for several color tests
for sterols, although these colors are not specific for any
particular sterol nor are they quantitative except under
rigidly controlled conditions. -

If the tests are not as reliable as is desirable for dis-
tinguishing between various unsaturated sterqls they do sefve
to distinguish sharply‘ﬁetween saturated and unsaturated
sterols. Only unsaturated sterols give colors under the condi-
tions of the experiment. The colored campounds are probably
halochromic salts formed by attachment ofbthe acids (or, when
used, a metal- salt) to an unsaturated center ofxihe molecule,
The reaction appears to involve a ring systemf;f the molecule,
since many other polynuclear hydroaromatic compounds which are
saturated or potentially saturated behave likewise.

Another reactién of importance is one discovered by Windaus.
He showed that cholesterol (and since many other sterols) forms
a molecular compound with digetonin. This latter substance
is a rare glucosidic saponin found in digestilis seeds and has
the formula C56H92029f The compounds formed are called digi-
tonides and are formed from one molecule each of the sterol

and digitonin. They are usually exceedingly insoluble in
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certain solvents and this has been used to separate the sterol
forming insoluble digitonides from those which form soluble
,oneé. In order to furm digitonides the hydroxyl group must be
free and must have the same steric arrangement as in cholester&l.

Steenback, Hess and others soon after their discovery that
rachitigenic diets could be rendered protective against rickets,
discovered that sterols could be activated by ultra-violet
light. This made it clear then that the sterol fraction of
foods was influenced by the activating rays,

It was next discovered thru the study of the ultra violet
absorption spectrum that cholesterol was not the provitamin.
It was soon shown that it was a contaminant. When crude choles-—
terol was purified by the dibromide treatuwent, it was no longer
activatable and no longer showed the characteristic absorption
spectrum of the oéiginal p?oduct. |

Heilbron, Kanam, and Morton (79) that the repeated fractional
cystallization of cholesterol led to the accumulation ip the
least soluble fraction of the substance responsible for the
characteristic absorption spectrum of crude cholesterol. After
further study this was identified as ergosterol.

It was at first thought that (ergosterol) was the only pro-
vitamin D but this was shown to be doubtful. Convinecing evi-
dence was temporarily not fortheaming because inteﬁsive studies

were then being made on the physics and chemistry of the irra-

diation of ergosterol.
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It was found that sources of radiant energy other than
ultra-violet were effective in forming vitamin D from ergos-
terol. Among those found gffe_ctive were cathode rays which
gave little vitamin D and much decomposition and radium
emanation which was modgrately effective. X-Rays were shown
not to activate ergosterol, as were high intensity radio ways.

Intensive studies on the portion of the spectrum chiefly
responsible for the activation showed that ergosterol absorbs
strongly in the range 305-230 iiu and that there is some ab-
sorption on either side of this range. Some work has shown
the longer waves up to 313 mu seem to be of some importance

in the decomposition of ergosterol and possibly of the primary

irradiation products.
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Difficulties in determining the activation energy of
ergosterol are contained in the fact that there is a series
of by-products formed during its activation. Quantity and
sequence vary‘with the condition of irradiation. It has been
condluded that one high velocity electron produces, under the
conditions of Hoffman and Daniels, less than one meclecule of
vitamin D, but decomposes about eighty ergosterol molecules.
Owen and Sherman have shown that the activation energ& for
the conversion of ergosiercl to colcifercl lies between 72
and 92 kilogram calories. Webster and Boundillon have con-
cluded on the basis of a low coefficient of activation and low
temperature that the formation of vitamin D from provitamin D
is a monomolecular reaction.

The conditions under which ergosterol is irradiated in-
fluence greatly the character and amounts of other products
obtained. Irradiation of dry ergosterol yields poor products
because the products first formed the surfacde act as filters
and prevent light from reaching the lower layers. Dissolved
oxygen affects the results of activation, this effect being
mostly on the by-products. Vitamin D has been shown by many
workere to be stable towards oxygen. |

Other factors being constant, the use of various solvents
had a marked effect on the vitamin D potency formed in the
irradiation. Ether solutions required a longer time of irra-
diation to achieve the maximum potency than was required for
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the entire sequence of activation and destruction in alcohol.
The maximum potency obtainable was much greater in ether than
in alcochol or cyclohexane, but the spectral changes were most
conspicuous in alcohol.

Altho the activation of ergosterol to vitamin D is very
probably a monomolecular reaction and consists of the isomeriza-
tion of the ergosterol molecule, the process is not a direct
one. There are several intermediate steps as given below:

Ergosterol
Lumisterol
Tachi?terol

Calciferol

‘(,w-Toxisterol\—-)
(

Suprasterol I substance 248) Suprasterol II

Ergosterol
1. White crystalline solid
20 :M.QPO = 163
3. [&] ;= -133° in cHOL

3
L Not antirachitic

S { T o
H3 - CH = CH-CH-C 3
| GHy Hy CH3

Ergosterol

-39~
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Of these intermediates all except toxisterol have been isolated

either in pure, crystalline form or in solutions of high con-

centration.

Lumisterol:

1.

2.

1.
2.
3.
L.

8 stereoisomer of ergosterol

has no.antirachitic value

transformed to vitamin D by irradiation
gives the various color reactions

&ddition compound with calciferol

which is difficult to separate (D1 of German

workers)

Lumisterol

Tachysterol:

does not crystallize readily
has great affinity for oxygen
questionable antirachitic action

toxic

140
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H

CH - CH = CH-CH-CH
3 cH, |3
AN
CH, CH
3
3 or
CH
3
HO
Tachysterol
sl rdfParal . Tidamda T
e A e b Ny Al vV b UM LAL J.J2
1., isomeric with ergosterol
2. M.P. = 1150 had 1170 Co
3:- White
o 20 :
L. [ = 4 123.25 to + 125.75
5461

1%
5. Sp. Absorption Llem 265 mu = L60-500

6. antirachitic potency 40,000 Int. units per mgm.

T. toxic

HO

Calciferol

=ly]~
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Toxisterol _

' 1. formula unknown - probably contains 3 rings
and perhaps L double bonds two being conjugated .
and the other two isolated.

2. toxiq

3. not antirachitic

Suprosterols I and II
1, isolated but formulas not yet determined
2. not toxic
3. not antirachitic
. give modified color reactions

5. isomeric with ergosterol

7-dehydrocholesterol
1. not antirachitic

2. provitamin Dj

H
- CH,=CH,-CH
CH3 2 2 H2
by
3
—}2=
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Vitamin D3
l. M.P. 82-8L
2. colorless crystals

20
3. C%] = + 83.3° (in acetone)
D

L. absorption maximum 265 mu
5. 40,000 units per mgm
6. more effective in poultry

: CH.
H 3

- CH,~CH,-CH,~CH
2
CH 2 72

3
CH3

Vitamin D3

Dihydrotachysterol

l. toxic

2. slightly antirachitic

3. prgpared by reducing tachysterol with sodium
in alcohol |

Lk no color reactions . CH

3
H -CH = CH-(C-GH
Q\i H SHQ\\CH

CH3

-

AN
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PHYSTOLOGY OF THE ANTIRACHITIC CQMPOUNDS

Bills (79) made a review of the literature concerning the
physiology of vitamin D and concluded his :eviews with the follow-
ing statement: "Confusion in this field is understandable when
one contemplates the permutations and combinations which are pos-
sible in a system comprising several forms of calcium and phos—
‘phorus in the blood, a reservoir and depository of these eleménts
in bone, a fluctuating intake and output of them in the diet and
excretions, and dumping rlace for them in the s0it tlssues—all
under the influence of meny factors besides the parathyroid
glands and the several forms of vitamin D. As for the hormone
and the vitamin, which seem to be the major forces in the system,
it is most satisfactory to regard them as acting together—
complementing, supplementing or opposing each other as the cccas—
ion demands".

Altho it cannot be said that any clear explanation of the
physioclogical action of vitamin D has crystallized out of the
mass of investigation since Bill's réview; many new facts are
available which have brought final understanding perhaps a
little nearer,

It is remarkable, when one considers that the experimental
investigations have been so generally carried out on the rat and
that this animal is so widely used as a test subject in the
assays of vitamin D, that no one has made comprehensive study of

the comparative physiology of the rat. To this fact one may

Ll
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attribute a large part of the responsibility for the lack of
comprehensive knowledge of the physiological relations of
vitemin D (48). That this point has received attention is
evidenced by the increased tendency to attack various aspects
of the general problem from this point of view.
Evidence is accumulating that the responses to vitamin
D which have occupied most attention, such as hypercalcemia,
phosphatemia, modification of rates of absorption and excre-
. tion, ovssification--are not primary changes.

Smith and McLean (80) have cbserved that there was no

evidence from chemical analyses of bones of rats fed thyroid

~'wt6Athe state of severe hyperthyroidism that there was any dis-
turbance of calcium metebolism in either growing animals or
adults. These observations call into question the relationship
of the thyroid to caloiun metabolism indicated in the earlier
reports.

The investigations of Haase (81) on the role of the thy-
roid wouid raise a question sbout this point.

However, it must be admitted that most of the evidence on
the relation to endocrine function has t¢ do with effects of
amounts of vitamin D which are probaﬁly larger than those ever
involved in physiological ranges. The only point demonstrated,
therefore, is that if sufficient amounts of the vitamin are
present it can exert an influence through the particular endo~

crines. It must be conceded that there is a possibility of

45—
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effects on these organs mediated by smaller amounts of the vita-
min that are not demonstrable because of the crudeness ¢f avail-
able tests. The failure of correlation of blood changes with
symptoms is a good example of this.

It is clear that the action of the vitamin whether direct
or indirect, affects a variety of tissues since any tissue may
show a higher calcium content even though there may be no histo-
logicel evidence of cell.injury. It is speculated that the vita-
min may have both a general and a localized actiop. Evidence
for the general action is supported by such work as that of
Gelfan, Presnall, Vernor and Todd, and Fischmann (82). In sup=-
port of localized action the influence on the parathyroid, thy-
roid, and anterior pituitary may be mentioned as well as the
influence on calcium absorption which appears to be localized
in the intestinal mucosa.

That there is some definite effect on resistance to infec-
tion seems probable, |

Deficiency effects are clearly due in part to deficient
absorption of calcium.

That the vitamin remains in the mammalian blood stream
for months after the administration of excess amounts suggests
that it is readily stored in the tissues 6r else that the
storage turnover is very active. It also appears that the
body does not possess an efficient mechanism for destruction

or inactivation of the vitemin D when supplied in excess.

L=
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- Altho the antirachitic effects of the various forms of
vitamin D appear to be identical in the human, so fer as they
have been investigated, it seems unlikely'that‘differences do
not exist in some of the other effects that have been described
for caleciferol, cod liver oil, and ertron.

That the vitamin has some influence on muscle function
seems inevitable from both direct and indirect evidence. That
it may influence the nervous system is suggested by the work
of many investigators.

That the vitamin directly influences absorption of calcium
and indirectly of phosphorus seems fairly well establishéd.
That its main function is exerted elsewhere seems even more
certain from the invitro experiments cited on periphenal tissués,
bone, endocrines, or central nervous system.

Capillary resistance ahd periphenal vasomotor reactions
appear to be influenced to same extent by the vitamin,

Lastly the influence on skeletal growth must not be dis-
regarded, although this is probably secondary to the general

influence on bone.
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SIGNIFICANCE

A. Calcium levels

Since calcium is contained entirely in the plasma it is
obvious that the calcium conteﬁt of the whole blocd will vary
inversely as the conpusculor volume. Because of the great varia-
bility of the latter factor, determinations of calcium are
usually not made on whole blood. The calcium content of human

serum norwally ranges frem 9-11 mgm, por 100

cte The plasma con=
tent is from .5 to 1 mgm lower although some observers believe
it to be higher. The serum calcium is quite constant under
normal conditions. Serum calcium consists of two physiologically
distinct fractions which have been termed diffusible and non-
diffusible. The diffusible probably contain the physiologically
active calcium and represents 4O to 60 percent of the total
serun calcium,
The quaﬁtitative relationship between the various caleium
states in the blood are:
Total serum calcium = Diffusible Ca + non diffusible Ca
9-11.5 mg L.5=5.5 mg Lhe5=6 mg.
(1) ionized 2 mg non-ionizable
(2) nonionized
‘Benjamin and Hess (72) have postulated four physico-chemical
states of calcium in normal blood serums
- 1. an adsorbable calcium-phosphorus complex constituting
two~thirds of the diffusible calcium.

2. Calcium ion (remaining diffusible calcium).

)8~
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3. adsorbable, nondiffusible calcium-phosphorus camplex
(1/4 of nondiffusible)

o protein bound calcium {3/4 of nondiffusible).

Conditions causing or in which a hypercalcemia coexists

1. Hyperparathyroidism

2. Excess vitamin D (hypervitaminosis)
3. Nephritis (rare cases with wemia)
he Polycythemia

5. Multiple myeloma

6. Increased COp tension

T+ Neoplastic disease of bone

8. Ovulation in birds

Conditions causing or associated with a hypocalcemia are:
1. Hypoparathyroidism

2. Vitemin D deficiency

3. Calcium deficiency

i+ Osteamalocia

5. Hunger Ostenpéthy

6. Celiac disease

T+ Sprue

8. Nephrosis

9. Nephrites (occasionally)
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10, Kala=azar

1l. Milk fever of cattle

Given below are a few normal serum calcium values for the
animals used in these studies:

()OWC..--..‘.-......1000059"'19 ngnS/lOO CcC serum

Dog.'oocoo;-oc-oooouoo.oo9""ll 5 mgnS/lOO cC serun

Retesassaseseavecsnnseesed=1l1le5 mgms/100 cc serum

Chicken (nonlaying)e.....9=12.5 mgms/100 cc serum
Chicken (laying).eesee.es17=39 mgms/100 cc serum

B+ Phosphorus levels

Absorption-Approximately two thirds of the P present :Ln’
average normal diets is absorbed from the intestinal tract.
Most of the food phosphorus is present in nucleoproteins, phospho-
proteins, and phoSpholipids. -Excessi\'re amounts of calcium in the
diet dinhibit phosphate absorption. Vitamin D is necessary for
optimal absorption during childhood.

Distribution--Most of the phosphorus of the body is in the
bones and teeth. However, small amounts are present in all
nucleated cells, since phosphoric acid is a constituent of
nucleoproteins. The total phosphorus of plasma varies from 8§ to -
18 mgms per 100 cc. Red blood cells contain from 47 to 11l mgm
in each 100 cc. Most of the blood phosphorus is present in
organic form.

Normal values for inorganic phosphorus are given below:

COWeeeoaaseasneosnsesnssss2e2559.63 mgms./100 ces

DOBecsncasnscssscncsssssssel=d mgms./100 ces

Chicken (laying)eeseceesess5.9=10=26 megms./100 ccs

Chicken (nonlaying)esees-o7.1=7,98 mgms./lOO ces

R8beccsssecssscsaresnessnse3o5=be5

-50-
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Functions of Phosphorﬁs:

1. Phosphorus is required for the synthesis of bones and
teeth.

2. It is necessary for the formation of nucleo-~proteins
phospholipids, sugar esters, and other organic phos-
phorue compounds in the tissues.

3« Phosphate salts act as buffers in blood.

i« Phosphoric acid and organic phosphorus compounds are
nacessary for normal muscle contraciion.

5. It is necessary for the formation of milk. Casein,
one of the principal milk proteins, is a phosphoprotein.

6. It may be necessary for the absorption of sugars from
the digestive tract and the kidney tubles.

7. It is required for normal growth.

Excretion:
About two thirds of the phosbhﬁrus eliminated fram the body

is excreted in the urine. The remainder is present in the stools.,

C. Phosphatase - General Statement

They are present in practically all living cells. Certain
tissues and fluids have been investigated especially; these are
bone, blood plasma, erythrocytes, leucocytes, liver, kidney,
intestinal epithelium, milk, urine, rice, bran, moulds.

Phosphatase activity assumed significance as a laboratory
dizgnostic aid when Kay found that values in plasma were in-
creased in various conditions, but particulerly in bone diseases,
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A large body of clinical data has since accumulated, defining
the particular levels iﬁ these diseases more closely. There
has also been cén;iderable investigaﬁion concerning the
nature of the enzymes in the various tissues and the source
of the serum phosphatase.

The significance of the increase in serum phosphatase in
bone disease has been variously interpreted. Kay offered the
explanation that the increase is either the result of an over-
production in the bone in attempting to compensate for the
lesion or of forced exit from the injured bone due to mechan-
ical stress.

Interesting changes have been demonstrated to take place
in the phosphatase activity of the blood in disease, particularly
in generalized bone disease. There is almost ‘invariably a
marked increase in plasma phosphatase, the value rising in scme
cases to twenty or more times the normal average value. The
abnormality is confined almost exclusively to cases of bone
disease, and in a general way varies in extent with the severity
of the disease. It suggests a definite correlatién between
bone disease and abnormal phosphatase distribution in the body,
a finding which is of interest in connection with the suggested

role of phosphatase in bone formation and maintenance.
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DESCRIPTION OF METHODS

A, Calcium -~
The Clark=Collip modification of the Kramer-Tisdall
Method, was used in these studies. The calcium is precipitated

directly from the serum as oxalate and the latter is titrated

with potassium permanganate.

Procedure -

Introduce into a graduated 15 ml centrifuge tube 2 cec of
clear serum, 2 ml of distilled water, and 1 ml of L percent
ammonium oxalate solution. Mix thoroughly. The centrifuge tube
should have an inside diameter of 6-7 mm at the .1 ml mark,
Mixing is aided by holding the tube at the mouth and giving it a
circular motion by tapping the lower end. Let stand 30 minutes
or longer. Again mix the contents. Centrifuge for about 5
minutes at 2500 revolutions per minute. Carefully pour off the

o superha£ant liquid and'while the tube is still inverted let it
drain in a rack for 5 minutes, resting the mouth of the tube on |
a piece of filter ?aper. Wipe the mouth of the tube dry with a
soft clothe Stir up the precipitate and wash the sides of the
tube with 3 ml of dilute ammonia (2 ml of concentrated ammonia
to 98 ml water) directed in a very fine stream, from a wash
bottles Centrifuge the suspension and drain again as before.
Add 2 ml. of approximately normal sulfuric acid (28 ml of con~

centrated per liter) by blowing it from a pipette directly upon
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the precipitate so as to break up the mat and facilitate solu-
tion. Place tube in a boiling water bath for e minute. Titrate
with .OlN potassium permanganate to a definite pink color which
persist§<for at least onelminuté. If necessary during the course
of titration warm the tube by placing in a water bath kept at
70-75°. A micro-burette graduated in .0l ml should be used.

Celculation:

(X-b) x .2 x lgg = mgms Ca per 100 ml of serum.

Where X = number cc's of permanganate required

b = blank (reagents)

B. Phosphorus -

Method of Youngburg's:

Transfer I ml of 10% trichloracetic acid to a test tube and
add 1 ml of plasma or serum while mixing. Shake well and filter,
thru ashless filter paper. Transfer 2 cc of the filtrate to a
test tube and 2 cc of standard phosphate solution (0.02 mg P)
to a similar tube. Theﬁ to each tube add 5 ml of water, 2 ml of
molybdic-sulfuric acid reagents, and finally, without delay, blow
in from a pipette exactly 1 ml of dilute stannous chloride solu~-
tion. Mix after 1 minute determine the color with a phot§electric
colorimeter (Lumetron).

Reagents for Phosphorus Determination:
Ten per-cent Trichloracetic Acid:

The C.P. acid is purified by distilling under reduced pres-

sure. Dilute to make 10%

g
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V.

10 N. Sulfuric:

450 ml of concentrated sulfuric C.P. are added to 1200 ml
of water. This solution is titrated and diluted to make it 1ON.
Molybdate-Sulfuric Acid Mixtures:

Solution A. 50 ml of 7.5% sodium molybdate (P free).

50 ml of 10 N sulfuric acid.
Stannous Chloride Solution:

Dissolve 10 grams of C.P. Stannous chloride in 25 ml of
concentrated C.P. -.3,'_roc“l.u ic acid. Otore in a brown giass
stoppered bottle. Prepare fresh after four weeks. Dilute 1 ml

of the above stock solution to 200 ml with water. Discard un-

used portions.

Data for Phosphorus Curves

The stock standard for this curve was prepared in the follow-

ing manner—- ‘
Dissolve .L389 grams of pure dry monopotassium phosphate in

water enough to make 1000 ml. "

10ml= 1 mgm P Dilute 10 ml to 100 (1 ml= ,Olmgm P).

This stock was diluted to give the following curve points,

(Refer to above).
A. Stock (1 cc equals .lmgm).
B. 10 m1 A diluted to 100 ml (1 ml equals .Ol mgms).
C. 10 ml B diluted to 100 ml (1 ml equals .00l mgms).

D. 10 ml C diluted to 100 ml (1 ml equals .O00L mgms).

~55-
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DILUTIONS FOR STANDARD P CURVE

NO.  CONC. HOWMADE AMT. H,O AMT OF O.A SnClp TOTAL

I .01 1ml B 6 2 1 10
1T .007 7ml C 0 2 1 10
11T .065 5ml C 2 2 1 10
v .003 3mlC L 2 1 10
v Q0L 1wl C 6 2 i i0
VI 0007  7mlD 0 2 1 10

~56m
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Ce. Phosphatase Activity

Modified King and Armstrong Method:

Approximately 12 to 15 ml of blood are withdrawn from a
vein and allowed to clot in a test tube or centrifuge tube.
Precautions against hemolysis are observed by using a dry sy-
ringe and tube and by avoiding fragmentation of the erythrocytes
through too vigorous expressicn of the blood from the syringe
into the tube. After the blood has clotted, the outer surface
of the clot is meparated from the inner surface of the tube by
rimming it with a wooden applicator sticke. The blood is then
centrifugéd for 5 to 10 minutes, after which the serum is
pipetted off. ‘Three ml of serum are needed for the test. If
it is necessary to ship serum samples to a distant point for
analysis, the enzyme activity can be preserved in transit by
adding 2 to L drops of toluol to L or 5 ml of serum and stopper-
ing tightly.

Solutions Required: Note: All chemicals should be of
analytical reagent quality.

(1) pH 5 buffer substrate: |

Disodium~-monophenyl-~phosphate~ 1.09 grams.,
0.2N sodium acetate- 700 ml (27.22 gm. sodium
acetate (Na02H

3
0.2N acetic acid=-300 ml1 (11.3 ml glacial acetic acid

02.3H20) per liter of distilled water).

per liter of distilled water).

The disodium-monophenyl-phosphate is dissolved
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in 300 ml of 0.2N acetic acid, then 0.2N sodium
acetate is added to dilute to 1000 ml. This con-
stitutes a 0,005M solution of disodium-monophenyl-
phosphatee.
Add 5 ml of chlorofcarm. Keep on ice.

(2) pH 9.3 buffer substrate:
Disodium~monophenyl~phosphate- 1.09 grams.
Barbital sodium - 10.3 grams.
Dissolve in distilled water and dilute to 1 liter.
Add 5 ml. of chloroforms Keep on ice.

(3) Phenol reagent of Folin and Ciocalten
The reagent should have no greenish tint. It
should be kept well protected from dist, because
organic materialswill graduallj produce slight
reductions. Dilute this reagent one in three
(250 ml reagent to 750 ml of water).
Into a 1500 ml Florence flask introduce 100 gm
sodium tungstate, NaZWOh.ZHZO, 25 gm. sodium molyb-
date, N32M°°u'2H20’ 700 ml water, 50 cc. 85 per-
cent phosphoric aeid and 100 cc. concentrated
hydrochloric acid, and reflux gently for 10 hours.
Add 150} gme lithiwm sulfate, 50 ml of water and
a few drops of bromine. Boil mixture for fifteen
minutes without condenser, to remove excess bromine.

Cool, dilute to 1 liter, and filter.
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(k) 20% sodium carbonate:
Dissolve 200 gm. of anhydrous sodium carbonate
(Na2003) in one iitér of distilled water.

(5) Stock phenol solution:
Dissolve 1 gm. crystalline phenol in O.1N HCl and
make up to 1 liter with 0.1N HCl.
Transfer 25 ml of this solution to & 250 ml flask,
add 50 ml of 0.1N sodium hydroxide and heat to
65° sentigrade

To the hot solution add 25 ml of 0.1N iodine
solution; stopper the flask and let it stand at
roamn temperature for thirty to forty minutes.

Add 5 ml of concentrated hydrochloric acid and
titrate the excess of iodine with 0.1N thiosulfate
solution. Each cubic centimeter of 0.1N iodine
solution corresponds to 1.567 mg. of phenol. On
the basis of the result dilute the phenol solution
50 that 10 ml contain 1 mg. of phenol. Five ml

of this solutien (equivalent to 0.5 mg. of phenol),
when 10 ml of the phospho-tungstic phosphamolybdic
reagent and 25 ml of the saturated sodium carbon-
ate solution are added, and whole made up with
water at about 30° C. to 100 ml gives & convenient
standard.

Preparation of a Standard Curve:

=59
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Prepare a series of solutions, diluting the dilute
stock standard phenol solution (10 mg. phenol per 100 ml of
solution) with distilled water in appropriaﬁe amounts of
phenol ranging from 0.005 mg. to 0.1 mg. Take 5.0 ml por-
tions of each dilution in separate 25 ml volumetric flasks.
Add 4.5 ml diluted phenol reagent (Folin=Ciocalten) to each.
Add 2.5 ml 20% Na2003 to eache (The time should be noted when
NapC0y is added to the first flask and a convenient time
interval, 30 seconds or 1 minute observed between additions
to subsequent flasks, so that the same time sequence may be
obtained in taking colorimeter readings). Dilute to 25 ml
with distilied water. Pour 10 to 15 ml from each volumetric
flask into separate colorimeter tubes. Read in exactly 20
minutes from the time Na2003 was added to each solution.
Readings are taken on an Lumetron colorimeter, model No. 400,
with a 650 my filter, and a low setting on the colorimeter.
From these readings a standard curve is constructed on semi-
logrithmic graph paper; ordinates are mg. of phenol per 25 ml
volumetric flask, abscissa are readings on the colorimeter
scale. The standard curve should be checked periodically.
(The dilute stock standard phenol solution will keep at

least 3 months in a refrigerator.

~650=
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DILUTIONS OF STOCK STANDARD PHENOL
FOR STANDARD CURVE

STOCK DILUTIONS /5 ml
5 ml. K 25 ml, (L) 005 mge/5 mls
2.5m. A 25 ml. (J) .010 mg./5 ml.
5mle A 25 ml. (B) 2020 mg./% ml.
7.5mle A 25 ml. (H) 030 mg./5 ml.
10,0 ml. A 25 ml. (C) +0L0 mg./5 ml.
12,5 mle A 25 ml. (G) +050 mg./5 ml.
15.0 ml. A 25 ml., (D) .060 mg./5 ml.
17.5mle A 25 ml. (M) .070 mg./5 ml.
20.0 ml. A 25 ml. (E) .080 mg./5 ml.
22.5ml. & 25 ml. (F) +090 mg./5 ml.
5 ml. stock 25 ml., (&) «100 mg./5 ml.

K=1ml. A dil L ml. E

1nl., K= ,005 mg,

1 ml. stock phenol = 1.1232 mg. phenol

100 ml. stock phenol diluted to 1123,2 ml. with 1N HC1

1 ml. diluted phenol = 0,1 mg. phenol

10 ml. diluted phenol = 1 mg. phenol

- ~61-
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POINTS USED FOR PLOTTING STANDARD PHENOL CURVE

DILUTIONS READINGS
.100 mg./5 ml. 38.7
«090 mg./S ml. h2.Y
.080 mg./5 ml. 4642
.070 mg./5 ml. 50.5
060 mg./5 ml. 55.0
050 mg./5 ml. 60.0
010 mg./5 ml. 5.5
«030 mg./5 ml. 7247
<020 mg./S ml. 79.0
+010 mg./5 ml. 86.7
.005 mg./5 ml. 90.7

Readings on the standard curve were ‘taken with the orange filter
also but were not plotted, because of the similarity to the red.
These readings may be found‘in the data. Readings were also
made with the orange filter on all the unknowns but were not car-
ried.over into the report.
Procedure:

All tests are méde in duplicate, Buffer-substrate solu-
tions should be brought to roam temperature béfore starting
test. In L test tubes are placed two 10 ml portions each of
pH 5 and of pH 9.3 buffer substrate solution. Allow tubes to

remain in the oven at 37.59C. until solutions have reached this
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same temperature, remaining at least five minutes. Add 0.5 ml
serun to each, stopper with rubber stoppers, invert twice, and
allow to remain in the oven for exactly 30 minutes. At the end
of this time add L.5 ml of dilute Folin-Ciocalten reagent, in-
vert several times, and centrifuge for 2 to 3 minutes. It is im-
- portant that the Folin-Ciocalten reagent be added to each tube
exactly 30 minutes after the serum was added to it, so that a

precise period of incubation is observed for each sample.

In 2 test tubes place 10 ml portions each of pH 5 and of
pH 9.3 buffer substrate solution. Add 4.5 ml dilute Folin-Cio-

calten reagent, 0.5 ml serum, invert twice, and centrifuge.

X7

(It is important that the Folin-Ciocalten reagent be added
before the serum).

Test:

Pipette 2 ml filtrate from test and control solutions into
25 ml volumetric flasks. Add 2.5 ml of 204 sodium carbonate
solution to each; this should be carried out with convenient
time intervals, 30 seconds or i minute, between additions to
successive flasks, so that colorimeter readings may be made in
the same manner, Dilute with distilled water to 25 ml., stopper,
invert several times, and pour 10 to 15 ml of each solution
into colorimeter tubes. Read each sclution in colorimeter

exactly 20 minutes after the sodium carbonate was added.
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Calculation:

The equivalent mg. of phenol per 25 ml of solution for
each colorimeter reading is obtained ffam the standard curve.
Then, mg. of phencl per 25 ml of solution x 15/2 x 100/0.5
(which cancels out to read: mg. of phenol per 25 ml of solu-
tion x 1500) equals mg. of phenol per 100 ml serum in test
or control. The King and Armstrong unit is defined thus:
one unit of phosphatase activity is that amount of enzyme
which, when allowed to act upon excess disodium-monophenyl-
phosphate at proper pH for 30 minutes at 37.5%C., will liberate
1 mg. of phenol. Therefore, mg. of phenol per 100 ml. of
control (unincubated) serum equals units of phosphatase per
100 m1 of serum.

Meny laboratories use the older Hodensky method for
determining serum alkaline phoéphatase. Sodiumbetaglycero~
phosphate is used as a substrate and monosodium-diethyl-
barbiturate to buffer to proper pH. One ml of serum to be
tested is incubated In the buffer substrate solution at 37
degrees Centigrade for exactly one hour. The enzyme activity
is halted by adding 5% trichloracetic acid. The filtrate is
then analyzed for inorganic phosphorous. One unit of alkeline
phosphatase activity is defined as that amount of enzyme
which when allowed to aét upon a given excess of sodium-
betaglycero~phosphate at proper pH (8.6) for one hoﬁr at 37

decrees Centigrade, will liberate 1.0 mg. of phosphorous.

~6l;-
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Units are expressed per 100 ml of serum. The alkaline phos-
phatase activity of the serum of normal adult ranges from 1
to I Bodansky units per 100 ml. Unpublished data indicate
that, allowing for differences in hydrolysis of substrates and
in time of incubation, one Bodansky unit is approximately equal
to 1.8 King and Armstrong units.
Note: All the calculations centained in the data from
these experiments are calculated on the basis of
King and Armstrongvunits. In order to secure Bodansky
uniﬁs, it is necessary to divide the King and Armstrong
units used herein by 1.8,

One Bodansky unit is equal to 1.8 King &nd Armstrong units.
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DESCRIPTION O RATIONS, PRODUCTS, AND ANIMALS USED

A. Rats

Both young and mature albino rats were used in these

studies.
Rations

Low P diet—-
Yellow cornmeal.....68%
Wheat gluteNeeeses«25%
Brewers yeastessees 3%
CaCOneesesscsssceas 3%
Tablé Saltececessss 1%

Special low P diet—-
Yellow cornmeals...71%
Wheat gluteNeesssee25%
Brewers yeasteeses. 3%
Table S8ltesscscess 1%

Be. Dogs

Stock diet=-

Cornmealeeeeee 0%
Oatmealeeseeese20%
Milk powder....20%
01l mealeecoss.10%
A1falf8ceeseses 6F
Brewers yeast.. 3%
S8lteevccoscsse 1%

Low Calecium diet=-

Corrmealeess..eli9%
Oa'bmeal...n...BO%
Wheat gluten...20%
NaCloooo-oooa-. l%

A total of thirty three dogs were used, most of them being

of a Spaniel or Shepard type. They were fed a complete commer-

cial dog ration.

C. Chickens

The birds were secured from the poultry department and

consisted of groups of young and old healthy birds of Rhode

Island Red and Barred Rock breed.

growing mash.

66—

They were fed a complete
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D. Cows

The cows used were from the experimental dairy herd of

Me. Se Co

They were healthy cows of the Holstein type weigh-

ing between 1100 and 1300 pounds. They were maintained on

a ration of hay and grain.

Products used:

1.

3.

)-l-o

5.

6.

Te

8.

9
10.

Irradiated Ergosterol (viosterocl) containing 400,000
units per gram of vitamin D in vegetable oil.
Trradiated Frgosterol (viosterol) containing 400,000
units per gram of vitamin D (Standard Brands) in
sesame 0il.

Irradiated Ergosterol in neutral oil, 500,000 units
vitawin D per gram. -
Tuna Liver oil, 20,000 units Vitamin D per gram.
Crystalline Calciferol

Hydee Yeast (Standard Brands), 24,000 units vitamin
D per grem.

Brewers Yeast (Irradiated) Fleishmanns, 9,000 units
vitamin D per gram.

Dihydrotachysterol (Hytakerol) 1 ce = 1.25 mgm of
dihydrotachysterol in neutral vegetable oil.

Cod Liver oil, 180 units vitamin D per gram.
Trradiated Ergosterol - (Viosterol)

Sample I 300,000 units Vitamin D/gram

Semple II 500,000 units Vitamin D/gram

67~
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1l. Tune liver oil, 17,000 units Vitamin D per gram
12. Hydee yeast extract, 24,000 units Vitamin D per gram

(as bioassayed three different times).

~68-
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EXPERIMENTAL PROCEDURES

A. Rats

The animals were fed ad libitum of the ration used. The
supplements except the yeasts which were mixed with the rations,
were fed in Hendryx cups being mixed with a smell amount of
sucrose to induce ready consumption.

At the\end éf the experimental‘period the animals were
sacrificed and the blood fram each group pooled for analysis.
B. Dogs |

The dogs were kept in gquarters which had separate pens for
isolation if desired. In most cases they were allowed to run
in a large enclosed area. They were fed twice a day. The sup-
plements were administered orally by syringe except in certain
cases in which the supplement was fed in ground meat. They were
bled from the heart on a specially constructed table, at the
beginning of the experiment and usually at intervals of three
or four days during and after the administration of the supple-
ments.

C. Chickens

The birds were maintained in regular poultry racks. They
were allowed to eat all of the stock ration they desired and
the supplements were fed daily orally by syringe. At the end

of the experimental period the birds were sacrificed by decapi-

tation and the blood collected.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D. Cows
The cows used were those from the experimental dairy barn.

They were fed hay and grain as their regular stock feed. The

oil supplements were administered daily by number 10 veterinary
capsule using a Bolling gum. They were bled, initially and on

every third day of the experimental periocd, from the jugular

vein.

The yeast (Hydee) was fed by mixing with the grain ration.

~70-
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DATA

A+ Calcium
I Rats—
TABLE I
Group Sex No. of Supple- Daily Level Ration Remarks Wte Controls mgm Ca/100 ml serum
Animals ments mgms or Kg. or Days
units/10kg o
Rats body Wt days 3 5 7 10
1 : 3 Std.
Brands
IE Dy Young 8.25 9.27
in VO 8,000,000 Stock Rats .05
2 " 3 " 8,000,000 " i 05 8.25 8.66
3 n 3 g 8,000,000 " " 05 8.25 9.51
<4
L " 3 in SO 8,000,000 " " .05 B8.25 9.03
5 L 3 v 8,000,000 L " .05 8.25 9.52
6 3 0" 8,000,000 " " .05 8.25 9.88
Std.
7 " 3 Brands 14,000,000 i " 05 8.25 8.91
IED
in V%
8 1] 3 1] 1] 1 " .05 8.25 9.52
9 n 3 i " u " .05 8.25 9.76
1
10 " 3 in SO " " " .05 8.25 8.52
11 " 3 1t ® 1" n .05 8‘25 8.30
12 n 3 # n " i .05 8.25 2,03
Std.
13w I Brands " " n .06 11.97 11.61
IE D
in Vv
1k n " " 2,000,000 " " .06 11,97 12,06
i5 v " " 1,600,000 " 1 06 11.97 13,05

(Table I cont'd next page)

-71-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




TABLE I CONT'D

Group Sex No. of Supple- Daily Level Ration Remarks Wt. Controls mgms Ca/100 ml

Animals ments mgms or Kg. or serum
units/10kg K Days
Rats body Wt. days - 3 5 7 10
Std Young el
16 L Brands 1,200,000 Stock rats 06 11.97 12.33
IED
invV
17 n L " 800,000 " " 06 11.97 12.42
18 " 5 " 800,000 " " .05 10,25 10.7hL
n
19 " 5 in SO 800,000 " n .05 10,25 11,20
Std,
20 " 5 Brands
IED
inVv ;00,000 " " 05 10,25 10.37
1t
21 i 5 in S0  L00,000 u " .05 10.25 11.35
Std.
22 n by Brands [,00,000 " " 06 11.97 12.33
IE D
in.Va
23 " I " 200,000 n n 06 11,97 11.70
IE = Irradiated ergosterol
VO = Vegetable oil
80 = Sesame oil
~72-
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TABLE IT

Group Sex No. of Supple- Daily Level Ration Remarks Wt. Controls mgu Ca/100 ml serum

Animals ments mgms or Kg. or Days
units/10kg : o
Rats body wt. days 7 15 20 30
Lo Mature
1 I DHT 1 mgm P Rats .165 13.81 16.21
SpLo
2 " L 1" " P " .165 12.80 1h.91
Lo Young
3 " 5 " " P Rats .05 13.8L 19.81
SpLo
T 5 " " P no .05 12,32 16.72
5 3 " " Stock "t ,05 11.23 14.76
6 " 3 1] u 1 n .05 11.23 1)4.92
_ Kature
7 " 2 " n " Rats 18 12,80 15.T1
. . Young
g n h " .5 mgm " Rats .05 8.46 8.8L
9 n L n 5 mgm " : " .05 8.57 9.07
Lo Mature
10 n Ly n .5 mgm P Rats  .165 13.81 14.98
SpLo
11 n L " o5 mgm P " 165 12,80 13.96
Lo Young
12 n 5 " .5 mgm P Rats .05 13.8L 17.92
SpLo
13 " 5 " .5 mgm P " .05 12.32 15.36
1L f 3 " «5 mgm Stock " 05 11.23 12,38
15 " 3 n .5 mgm " W .05 11.23 12.38
16 " L " «25 mgm " oo ,05  8.h6 B.57
17 " L " «25 mgm " n ,05 8.57 8.04
18 n 3 " «25 mgm " u .05 11.23 11i.72
19 n 3 " «25 mgm " n .05 11.23 11.56
20 3 " «75 mgm " " .05 11.23 12,96
21 " 3 n .75 ngm u " .05 11.23 13,20

DHT = Bihydrotachysterol
Lo P = Low phosphorus

Sp Lo P = Special Low Phosphorous
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TABLE III

———— e

Group Sex No. of oupple- Dally Level Ration Remarks Wt. Controls megms Ca/100 ml serum

Animals ments mgms or Kz or Days
units/10kg o
Rats body Wt days 10 15 20 25
1 5 Irrad. 2.5% or LoP Young .055 9,52 10.86
Brewers 22,500 (basal) Rats

Yeast. units/feed
9000u/ 100 gms

gm
Mature
2 " I " " Stock Rats 17 Tolly 8.78
: Lo P
3 " 3 " " (basal) " 17 11,10 12.81
L v 3 " " " " 17 12.57 12,20
5 i 3 " ) " 1 A7 13.42 '1h~57
6 u 3 u 145,000 " " «17 11.10 11.60
7 " 3 1 1t ki H .17 12 .57 12 .01
8 1 3 " " 1 ] .17 13.h2 13.91
9 " L " " Stock " 17 Tl 7.4k
Lo P Young
10 n 5 " " (basal) Rats .055 9.52 10.7h
i v 5 " $0,000 " " 055 9.52 9.76
12 n L n " Stock Mature .17 7.k 8.42
Lo P Rats
13 n 3 " " (basal) * «17 11,10 11.07
1l " 3 " " " " 17 12.57 12.20
15 1t 3 [{] t 1 " 17 13.h2 13.5)4

Lo P = Low Phosphorous
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TABLE IV

Twenty rats (160-170 grams) were placed on & stock diet
and fed Jamieson's C.L.0. (Vitamin DB) conc. 1000 u/ml
as follows:

No. of mgms Ca/l00 ml Serum

Animals 10 Days
Fed 50,000 uw/10 kg
1 day/10 days 5 8.78
Fed 100,000 u/10 kg
1 day/10 days 5 10.49
Fed 150,000 u/10 kg
1 day/10 days 5 10.86
Controls 5 10.52

CelieOe ® (od Liver 0il
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TABLE V

The compounds used in the following experiments were:

1. Pure caleiferol in oil D, (Dr. Ewing) 200,000 u/gm
2. Natural fish oils D, (Dr% BEwing) 1500-1700 u/gm
3. Hydee Yeaest Std. Braznds 24,000/gm

One hundred and twelve animals about 100 gms each
Two rations (low Ca and stock ration)
mgms Ca/100 ml serum

Group Vite. D Noe. of Supplements Ixps 99 Exp., 100
Rats Source Animals 15 days 15 days
Pure
A Stock ration Calciferol L & L  2,000u/10kg 9.,08. T.82
B © " " b & L4 LO,000w/10kg 10.3 857
¢ Low GCa g b & L4  2,000u/i0kg Se31 8.51
D " " L &L LO,000u/10kg 10.21 10.39
Yeast
E Stock ration Hydee L &L 2,000u/10kg 10,05 T.69
r " " b &L  L40O,000u/10kg 10,01 8470
G Low Ca " L&l 2,000u/10kg 11.L5 11.06
H" n " b &L  L0,000u/10kg 9.81 8.60
D3 Fish
J Stock ration Oils b &bk 2,000u/10kg 10.18 8.96
K " " L &L  4O,000u/10kg 9.45 8.51
L-Low Ca " b &L  2,000u/10kg 9.96 8.8L
Mo " " L &L L4O,000u/10kg 10.0k 8.79
N Stock ration Control b &l  Stock only 9.70 9.78
P Low Ca " L&h Low Ca only 9.06 9.13
-76~
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TABLE VI

Group Sex No. of Supple- Daily Level Ration Wt. Controls mgms Ca/100 ml

Animals ments mgms or Kge or serum
units/10kg o Days
Dogs body wt. days b1
1 1 DHT 1 mgm K 10 11.03  16.20 19.40
2 1 " 1 mgm K 10  10.10  15.92 18.93
3 1 " .5 mgn " 10 13,02 19.15 19.89
N 1 " .5 mem " 10  15.10  19.35 19.53
5 1 " «5 mgm " 10 9.50 13.78 13.93
6 1 " .5 mgm " 10 13.50  19.05 20,16
7 1 " .5 mgn " 10 13.30 16.00 17.60
8 1 " .5 mgm " 10 13.24  17.50 18.06
9 1 " .5 mgm " 10 12,00 1410 17.20
10 1 " .5 mgm " 10  10.51  13.7L 15.58
11 1 " .5 mgm " 10 12,33  15.06 17.21
12 1 " .5 mgm " 10 10,81 12,30 15.30
13 1 n «25 mgm " 10 10,29 11.08 11.70
1l 1 " «25 mgm " 10 12.01  12.0L 12,90
15 1 LI «25 mgm g 10 13.80  1h.20 1.2}
16 1 " «25 mgm " 10 14.60  1L.89 1L.90
17 1 " .25 mgm L 10 12,01 12,19 13.69
18 1 " +25 mgm " 10 12,21  12.95 15.08

DHT = Dihydrotachysterol

-7 -
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11 Dogs—-

TABLE VII

Group 5ex No. of oupple- Daily Level Ration Remarks Wte Controls mgms Ca/l00 ml

Animals ments mgms or Kge or serum
"~ units/10kg o Days
Dogs body wt. days L 7 15 30
Std Supple~- Tissue
1 1 Brands 500,000 K ments 10 12.31 23.41  calci-
IE Dy | for 10 | fied
in VO days died
2 1 " 500,000 " " 10  13.62 19.65 22.65 150
Pure :
3 1 Calei~ L00,000 i " 10 12.81 1h.76 19.21
ferol : '
) in
WO
L 1 100,000 " 10 12.20 1h.3l 18.70
5 1 " 200,000 " 10 12.0h4 13.20 14.83
6 1 " 200,000 " 10  12.61 13.68 14.69
7 1 " 200,000 " 10 13.20 15.04 16.2L
8 1 " 200,000 " 10  11.08 12,90 14.21
? 1 u 200,000 " 10 13.20 15.30 17.10
10 1 " 200,000 " _ 10 12.80 14.00 15.91
11 1 " 100,000 " 10 12.30 discontinued
12 1 n 100,000 u 10  13.00 discontinued
13 1 " 80,000 " 10 10.56 disabled
14 1 L "~ 80,000 " 10 11.50 died 7=24-hLli
Std.
15 1 Brands 20,000 u 10  13.60 14.00
-IE D2
invQ
16 1 10,000 L 10 12.78 13.01
IE = Irradiated ergosterol

WO -= Wesson oil
VO = Vegetable oil
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TABLE VIII

Group Sex No. of Supple- Daily Level Ration Wt. Controls mgms Ca/100

Animals ments mgms or Kge or ml serum
units/10kg o Days
Dogs body wh. days 7
1 1 DHT 1 mgm K 10 10,30 18.41
2 1 " .5 mgm " " 11.70 16.90
3 1 " .5 mgm " " 13.89 19.81
Pure
N 1 Calci- 500,000 " " 12.94 17.72
ferol
Do WO (

5 1 " L00,000 " " 11.13 died 8-12=h);
6 1 " 200,000 n " 10,10 13,12
DHT = Dihydrotachysterol

WO = Wesson 0il
TABLE IX
Two 10 kg dogs placed on Hydee yeast extract containing
24,000 u Vitamin D/ml. Administered the oil in ground
meat mixed with small amount of feed.
0 Days 5 Days 10 Days 15 Days
(Supplements
stopped here)
Boots
200,000 u of Vitamin D/
10 kg/day for 10 days 14.01 17.40 19.87 19.84
Mike
100,000 u of Vitamin D/
10 kg/day for 10 days 1L.82 21.91 25.63 20.96

~79=
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I1T Chickens

TABLE X
Group oex No. of Oupple- Daily Level Ration Remarks Wt. Controls mgms Ca/100 ml
Animals ments mgms or Kg. or serum 1
. units/10kg o Days or
Chickens body Wt days 7 10 15
Laying
1 b DHT lmgm/10kg 2% Ca Hens 3 13.91 24.30
2 N L lmgm/10kg " 3 8.92 17.13
3 N " lmem/10kg " L 2 19.67 27.92
N i1 " 1mgm/10kg L 2 8.30 17.03
5 L " 1mgm/10kg " t 2 19.67 28.40
6 L n lmgm/10kg L 2 8430 17.11
None=
7 3 " 1mgm/10kg " laying 3  13.47 21.31
8 3 " 1mgi/10kg L 3 8.0 15.89
Laying
9 N " «5mgm/10kg " Hens 3 13.91 19.56
10 I " «5mem/10kg " 3 8.92 12,56
11 L "  5mgm/10kg " " 2 19.67 2h.13
12 kL " «5Smgm/10kg " 2 8430 14.90
Laying
13 I " Smgm/10kg ¢ Hens 2 19.67 24.08
1 L " «Smgm/10kg " 2 8.30  14.92
Non
15 2 " «5mgm/10kg n laying 3 10.71 16.11
16 2 L .5mgm/10kg " 3 9.68 13.93
Non ’
17 3 " «Smgm/10kg " laying 3 13.47 18.73
18 3 " omgm/10kg ¢ 3 8.30 13.09
19 2 L .25mgm/10kg " J 3 10.71 11.87
20 2 " +25mgm/10kg ¥ 3 9.68 1141

DHT = Dihydrotachysterol

~80=
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TABLE XI

Group Sex No, of Supple- Daily Level Ration Remarks Wt. Controls mgms Ca/

Animals ments mgms or Kg. or 100 ml
units/10kg o serum
Chickens body wt. days Daysl0
Irrad. Young
1 3 erg Do 1,00,000 2% Ca birds 2 13.10 13.20
Ew
Std.
2 n 3 Brands 100,000 " 1 2 13.10 13.64L
D2
Irrad.
3 n 3 erg D, 200,000 " " 2 13.10 13.08
Ew
Std.
n i 3 Brands 200,000 n " 2 13.10 13.19
D2 .
Tuna
5 " 3 0il D3 206,000 " " 2 13.10 14.90
Ew
Tuna
6 " 3 0il D3 100,000 " " 2 13.10 13.96
Ew
HLO
7 " 3 D3 EBw 4,500 " " 2 13.10 1L.52
8 " 3 DHT 1 mgnm " " 2 13.10 23.23
9 3 DHT 5 mgm " " 2 13.10 18,10
10 n 3 DHT <25 mgm n " 2 13.10 13,50

IE = Irradiated Ergosterol

HLO = Haliver 0il

EN = Obtained from Dr. Ewing
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IV Cows

TABLE XII
Group Sex No. of Supple- Daily Level Ration Remarks Wte. Controls mgms Ca/100 ml serum
Animals ments mgms or Kg. or Days 1
units/10kg o or
Cows body wt. X days 3 5 7 10 15
Hay & Supple-

1 1 DHT 5 mgm Grain ments 500 10.88 11.2011.681L.2415.91 11.2¢
for 10 ’
days

2 " 1 DHT .5 mgm " " * 12,01 12,0812.411L.0116.49 11.81

3 " 1 DHT o5 mgm L " " 11,03  11.8314.0616.4216.53

b " 1 Control " no10.18  10.2810.2310,1010.19

Hydee ;

5 " 1 Yeast 500,000 " " 12,79 12.7213.0415,9816.03 1L4.3C

Std. 1

6 n 1 Brands 500,000 " " " 10.L0 10,4013.361L4.4815,98 12.1€
Dy IE

7 n 1 " 500,000 " " " 13.32  13.3616.0816.8817.76 13.61
Hydee .

8 " 1 Yeast 250,000 " n "o12.81  12.9213.1613.901L.32 13.0$
9 " 1 Group L n 12,02 12,0812.1312.0812,10C 12.08
Control :

82~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



B. Phosphoroué

I Rats
TABLE XIII

Group Sex No. of oupple- Daily Level Ration Remarks Wt. Controls mgms P/100 ml

Animals ments nmgms or Kge or blood
units/10kg , o Days
Rats body wte R days 30
Io P Young
1 5 DHT 1 mgm (basal) Rats 05 2.39 3.79
Sp Lo
2 " 5 DHT 1 mgnm P " 05  L.u3 5.81
Mature
3 " L DHT 1 mgm Lo P Rats 165 3.77 6.38
Sp Lo .
Lo L DHT 1 mgm P " 165 5.69 7.08
Young
5 " 5 DHT 5 mgm Lo P  Rats .05 2.39 3.28
Sp Lo
6 5 DHT 5 mgm P " 05  L.h3 5.28
Mature
7 " L DHT .5 mgm Lo P Rats +165 3.77 5.08
Sp Lo
8 " L DHT .5 mgm P " 165 T5.69 6.63

DHT = Dihydrotachysterol
Lo P = Low Phosphorus
Sp Lo P = Special low phosphorus

TABLE XTIV

Thirty rats about 50 grams started on stock ration and
fed DHT levels as follows:

No. of Animals
on each level and 10 Days 30 Days
time interval

Level B .25 mgm/10kg/day/10 days 3 5.92 6.15

Level A .5 mgm/10kg/day/10 days 3 6.3l 64T

Level D .75 mgm/10kg/day/10 days 3 727 7.51

Level D 1 mgm/10kg/day/10 days 3 8.28 T7.69

Controls 6 rats on stock only 3 3.91 Lhe55
-83-
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TABLE XV

Four large mature stock animals weighing 200 gms
each were fed DHT as follows:

No. of mgms P/100 ml blood

Rats : Animals 30 Days

L} Stock ‘

1 mgm/10kg/day/30 days N 5.71

Ly Stock

Controls L 3.L9
-8)-
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IT Dogs

TABLE XVI

Group Sex No. of Supple~ Daily Level

Ration Wt. Controls mgms P/100 ml blood

Animals ments mgms or units Kge or Days
Dogs /10 kg body wt. o

| days b 7 1 30

1 1 DHT 1 mgm K 10 2.72  3.21 5.25

2 1 " " " » o 3.08  3.31 3.70

3 i 1 5 mgm " " [56  3.52 L.53

i 1 L .5 mgm " " L.50  2.80 L.70

5 1 " .5 mgm " " [,00 5.07 7.55

6 1 " .5 mgm " " 3,70 }.50 5.52

7 1 " 5 mgnm " "o 2.77 3.03 4.08

8 1 " .5 mem " v 3,63 u.éz 6.66

9 1 " .5 mgm " no3,52 u.lh L.38
10 1 tr .5 mgm " " 6,38 6.L7  6.uT
11 1 L 25 mgm " " 7,05 7.03 6.90

12 1 " 25 mgm " "o 3,1h 2.69 2.93

.13 1 " +25 mgm " " 3,03 3.59 3.10

1k 1 " .25 mgm " n 2,55 5,17 6.52

15 1 " «25 mgm " "o 2.2 Lelh L.28

16 1 " .25 mgm " " 3.89  4.05 L.}

DHT = Dihydrotachysterol
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TABLE XVII

Group Sex No. of Supple- Daily Level Ration Wt. Controls mgms P/100 ml blood
Animals ments mgms or units Kg. or Days
/10 kg budy wt. o
Dogs days Iy 7 20
- Std. A
1 1 ~Brands 500,000 K 10  L4.00 6.77
IE D
inV
2 1 " 500,000 " 10 5.49 6.70
Pure
3 1 Calei- 100,000 b 10 3.1 3.28 3.62
ferol
Do in WO )
L 1 " 100,000 " 10 3.01 k.52 h.92
5 1 " 200,000 " 10 3.04 5.07 5.25
6 1 " 200,000 " 10 5.52 5.78 6.00
7 1 " 200,000 " 10 3.49 LS 5.37
8 1 " 200,000 " 10 2.23 3.77 L.63
9 1 " 200,000 " 10 3.14  L.02 5.25
10 1 1" 200,000 n 10  1.84 3.56 L.07
11 1 " 100,000 " 10 1l.12 discontinued
12 1 " 100,000 " 10 1.10 discontinued
13 1 " 100,000 " 10 7.1, discontinued
1 1 " 100,000 " 10 5.43 died
Std.
15 1 Brands 20,000 " 10 L35 L.25
IE Dy
in VO
16 1 " 20,000 " 10 L.2L | 1426
17 1 " 10,000 L 10 Le91 4.89
18 1 " 10,000 " 10 5.00 4,90
IE = Irradiated Ergosterol

VO = Vegetable 0il
WO = Wesson 0il
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TABLE XVIII

Group Sex No. of Supple- Daily Level

Ration Wt. Controls

mgms P/100 ml blood

Apnimals ments mgms or units Kg. or A
/10 kg body wt. ) o Days
Dogs 7 . days 7 10
1 1 Stde 500,000 K 10 3.25 5.66
Brands
IED
inV
Pure
2 1 Calei- L00,000 " " L.07 died 8/L/LlL
ferol
Dy in WO
3 1 n 200,000 " "o 3,91 5.81
L 1 DHT 1 mgn .n " 2,95 3.84
5 1 . .5 mgm L " 3,98 L5
6 1 " .5 mgm " woo1.72 2.12
VO = Vegetable 0il
IE = Irradiated Ergostercl
DHT = Dihydrotachysterol
WO = Wesson 0il
TABLE XIX
Two dogs fed supplements of Extracts of Hydee Yeast
in W.0. containing 24,000 uw/ml of D as follows, and
bled at the end of 0,5,10, and 15 days.
mgms P/100 wl blood Suppl ements
stopped
0 Days 5 Days 10 days 15 Days
Boots
200,000 u/day for 10 days 3.77 L.16 LeTh 5.1k
Mike
1400,000 u/ﬁ@y'for 10 days L.09 L.56 L.87 6.03

W.0e = Wesson 0il
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TIIT Chickens

TABLE XX

Group Sex No. of Supple~ Daily Level Ration Remarks Wte. Controlsbxn@ns P/

Animals ments mgms or Kge or 100 ml
units /10 kg o blood
Chickens body wt. days 10 Days
Std. Young
1 L Brands 400,000 2% Ca non 2 6.92 8.87
IE D2 laying
inVQ
2 L n " " 2  6.0L 8.46
IE PD
3 3 Bwing 400,000 " " 2 6.92 8.37
Do
b 3 " ¢ 6.0L T3
5 3 " 200,000 " " 2 6.92 7.96
6 3 " 200,000 " 2  6.04 6.87
Std
7 L  Brands 200,000 " " 2 6.92 7.19
TE Dp
in VO
8 L # 200,000 " 2 6.04 7.10
IE = Irradiated Ergosterol
VO 2 Vegetable 0Oil
PD = Parke-Davis-Ewing
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TABLE XXT

Group Sex No. of Supple- Daily Level Ration Remarks Wt. Controls mgms P/100 ml

Animals ments mgms or Kg. or blood AV
units/10kg o : Days or |
Chickens body Wt days 7 10 15
non-— i
1 3 DHT 1 mgm 2% Ca laying L 3.21 h.53
2 3 " " " L 2.1 3.62
young
3 L " " " non-laying2 6.92 7.84
L L n " " 2 6.04 7.60
non-
5 3 " 5 mgm " laying L  3.21 3.62
6 3 f «5 mgm " L 2.1 3.49
. old
7 1 noo " " non-laying5.5 3.21 492
8 1w " " 5.5 2.11 2.79
9 1 1 u n n 3.26 T.14
laying
10 1 1t 1 n hen old 5 3 . 26 9 907
11 1 " " " L 2.51 T.42
layi
12 1o . " ohem T L 3426 8.55
young
13 1 " " " non-laying 2  6.28 k.99
1)4 1 " n 1 2 6 o 35 7 . )_a_
15 h ] ] 1 2 6. Oh 7 . )-L9
young
16 N " " n  non-laying 2 6.92 TeT2
old non-
17 1 n <25 mgm " laying 5.5 3.21 5.81
18 1 " +25 mgn " 5.5 2,11 2.21
19 1 n <25 mgm " L 3.26. 6.77
20 1 " .25 mgm " 5 2,51 9.39
21 1 n .25 mgn " L 3.26 8.12
22 1w .25 mgm w laying hen ) 5,0 9.53
young
23 1 " «25 mgn " non-laying 2 6428 6.03
2l 1 n «25 mgm n 2 6.35 6,29
young
25 L " 25 mgn " non-laying 2 6.0l 7.33
26 N " «25 mgm " 2 6.92 7.57
-89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XXII

Group Sex No. of Supple~ Daily Level Ration Remarks Wt. Controls mgms P/100 ml

Animals ments mgms or Xg. or blood
‘ units/10kg o
Chicken body wt. days 10 days
Tuna Young
1 Ly Liver 200,000 2% Ca Birds 2 6.92 T.67
0il D3
2 L " 200,000 " " 2 6.04 6.77
3 L " 100,000 " " 2 6.92 7.48
n Ly n 100,000 " n 2 6.0 6.35
Haliver
b 3 0il D3 9,000 " " 2 6.04 6.38
A 2 1" . ognn " t ] A4 OO 7 00
L =3 Ly I < Ve sk feaw
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IV Cows

TABLE XXIII
Gr- Sex Nos. of Jupple- Daily Level Ration Remarks Wte controls mgms P/100 ml blood
oup Animals ments mgms or Kgze or Days
units/10kg o
Cows body wb. : days 3 5 7 10 15
Hay &
1 1 DHT .5 mgms grain 500 4.81 5.07 5.86 5.94 7.14
2 n 1 Control " Control 500 L.Uu7 Ue57 Le77 L.03 LoLT
Supple~
3 1 DHT .5 mgnms " ments 500 5,09 5.81 6.18 6.58 7.14 5.53
’ 10 days
y o on 1 DHT .5 mgms " " 500 3.18 3.70 L.22 5.04 5.91 L4.07
ool Control " Control 500 5.17 5.0l 5.28 5.01 L.,95 5.17

DHT = Dihydrotachysterol

TABLE XIV -

Two cows fed Hydee yeast (Std. Brands) 2l,000
units/gm. Both were fed 500,000 and 250,000
units/day for 10 days respectively.

Supplement
stopped
O Days 3 Days 5 Days 7 Days 10 Days 15 Days
500,000 vw/day/10kg or 1.0L4 kg
Hydee yeast mixed with grain
(ground corn)
Cow A-50 3.31  3.83 L.27  L.69 5.3k 12
250,000 u/day/10kg Hydee yeast
as apove
#1426 S.17 5,01 5,28 5,01 4.95 5.17
Control .
Hay & grain
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TABLE XXV

Two cows fed supplements of Std. Brands Irradiated
Ergosterol (Vitamin Dz) Viosterol as follows:

Fed by #10 Vet Capsule

Potency = 400,000 u/g

Supplements
P
mgms P/100 ml blood Stopped

O Days 3 Days 5 Days T Days 10 Days 15 Days
A-53 5.71  5.82  6.34 7.02 Teh6 6.18
500,000 u/10 kg/day/
25,000,000/ for 10 days
(250,000,000
A~55 5.17 5.25 5.82 6.29 7.02 553
Same as above
#1426 5.17 5.01  5.28 5.01 L.95 5.17
Control
Hay & grain

=92~
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C. Phosphatase

I Rats
TABLE XXVI
Thirty-two large animals were placed on stock ration
and fed supplements of Vitamin D, (Sstd. Brands Vio=-
sterol) as follows:
Source Rats Group Units/10kg Nc. of Units/100 ml serum
Control body wt. Animals Acid Alk
1 8.2 62.1
Std. Brands
1 1000 L 7.6 67.8
Irrad. 2 2000 L 11.2 91.1
Lrgosterol 3 1000 b 9.2 8049
Viosterol-Vit., D, L 6000 L 9.2 70.4
5 8000 L 7.2 66.1
6 10,000 L 3.2 L6.5
7 20,000 L 3.8 - Lh.0

TABLE XXVII

Sixty-four young animals (60-70 grams) were placed
on Vitawin Dy on the following levels:

Source Units/10kg No. of Units
body wt. Animals Acid Alk
Std. Brands 1000 units D 16 3.3 70.4
Vit. Do
(Viosterol) 100 16 7.9 75.7
10 16 10.6 77.8
Controls 16 10.1 78.7
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TABLE XXVIIT

Twenty animals (young 60=70 gms) were placed on a low
calcium ration supplemented by various percentages of
Hydee Yeast as follows:

“Ration & Supplement Noe of Units/100 ml serum

Low Ca + % Hydee Yeast Animals Rats Acid - Alk

2% (48,000 u/100 gms) 5 12.9 59.2
feed _

5% (120,000 u/100) 5 9.5 L8.5

10% (210,000 w/100 gms) 5 6.0 Lle6

Controls 5 13.5 57.5

TABLE XXTX

One hundred and twelve voung animals (60-70 grams) were
placed on a low Ca and stock ration and fed supplements
of calciferol (Vitamin D,) and Haliver 0il (Vitamin Dj)
as follows:

Supplement Ration Group Units No. of Trial I Trial IT
‘Animals Units Units/100 ml serum
Rats each trial Acid Ak Acid Alk
Calciferol Stock A 10 N 4.0 72.1 L7 71.5

Vitamin Dp Ration

" : " B 200 I 2.5 97.4 2.2 55.35
Low Ca
" Ration C 10 L —— 115.4 9.3 90.0
w " D 200 Ly 1.0 85.4 6.3 82.5
Hydee
YBast Stock E 10 L 7.0 2.1 7.8 78.0
" " F 200 N 7.0 58.6 9.3 90.0
Low Ca '
" Ration G 10 Ly L.O 111.6 6.3 60,0
L " H 200 b 2.5  8L.6  22.8 33.0
Haliver 0il Stock J 10 L 2.5 115.7 13.8 13.5
u u X 200 in 2.5 8L.6 Le7 82.5
" Low Ca L 10 N C —— 111.4 — 111,0
" " M 200 L — 105.7 15.3 8L.8
Control Stock N Controls L 7.0 102.7 6.3 60.0
i Low Ca P 1 N 7.0 101.0 T8 84.0

L]
O
¥
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II Cows
TABLE XXX

Two cows placed on experiment, one being fed DHT
and the other used as control (1300# each - 600 Kg).

Cow Daily Level O Days 3 Days . 5 Days 7 Days 10 Days
#  mgns/10kg Units Units/100.ml serum Units Units Units
body Wt Acid Alk. Acid Alk. Acid Alk. Acid Alk., Acid Alk.

A-15 .5mg/10kg 3.42 16.61 - Le26 1.26 6.45 1.02  3.80 L.71 T7.23

Control
A-33 grain & hay 6 16.88 - 20,70 9.18 19.02 .92 9.50 L.02 21.10
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DISCUSSION

A. Calcium

1. Rats~-

The blood calcium values in the studies on rats are given
in Tables I - V.

Table I contains the results of studies on rats fed a
stock ration (complete ration) supplemented with various levels
of irradiated ergosterol in vegetable and sesame oils. Young

vt at - ahmead EN
e A L - AV A N Vs L

grams in weighl were usede The duses were ad-
ministered on basis of body weight (units per 10 kg.).
In comparing the experimental animals with the controls a

very slight blood calcium rise is shown on all levels., This

rise gradually decreases from an average 1.25 mgm increase in
the case of the 8,000,000 unit level to .75 mgm rise on the
400,000 unit level., The increases were not as high as one would
normally expect where such massive doses were administered.
Continued administration of the supplement apparently did not
cause any further increases in the calcium level.

Table II shows the results on several groups of young and
mature rats placed on stock and low phosphorous diets and admin-
istered supplements of various levels of dihydrotachysterol.

The low phosphorous diet consisted of a regular basal rachito-
genic diet containing about .16% phosphorous. The special low
phosphorous ration was the same as the basal except the CaCO3

was excluded. The rise in blood calcium on each level is
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directly proportional to the dose administered. Young animals
on the low phosphorous (basal) diet exhibited 6.0 and L. mgnm
rises respectively for the 1 mgm and .5 mgm levels, whereas the
mature animals on the same ration gave 2.4 and 1,11 mgm rises
for the 1 mgm and .5 mgm levels. Young animals placed on the
special low phosphorous ration (1ess CaC03) gave rises of L.l
and 3.0L on the 1 mgm and .5 mgm levels. The mature rats on the
same ration exhibited calcium rises of 2.1 mgms and 1.16 mgms on
the 1 mgm and .5 mgm levels respectively.

The young animals showed the greatef uses in calcium-than
mature animals on all rations. The low phosphorous, special low
phosphorus, and stock rations exhibited the greatest rises on all
levels in the order listed both in the experimental and control
animals. The length of time of supplement feeding is insignifi-
cant after 15 days.

In Table IIJ are the results of both young and mature animals
fed a stock and low phosphorus (basal) rations mixed with irra-
diated brewers yeast. The results on these levels of Vitamin D
show no significant calcium changes on either of the rations used.
Thesé studies on the rat's resistance to changes in blood caleium
seem to be in agreement with such workers as Taylor, Wéld, Branion,
and Kay (83).

The effect of Cod Liver 0il on mature rats feed on a stock
diet may be found in Table IV. On levels of Vitamin D3 ranging
from 50,000 +o 150,000 units‘per 10 kg of body weight there were

no significant changes in blood calcium.
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The effect of a low calcium and stock diet fed with supplé—
ments of pure calciferocl, Hydee Yeast, and Haliver 0il may be seen
in Table V. Two vitamin D levels were used namely 40,000 and ‘
2,000 units per 10 kg of body weight. Two groups were covered
through a 15 day experimental period. MNo significant differences
were found on either the stock or low calcium ration on either

level of vitamin D intake regardless of source.

2. Dogs—

Table VI contains the results with dogs fed a complete diet and
supplements of dihydrotachystercl. The average blocd calcium rise
found were 8.6 on the 1 mgm level, 5.1 mgms on the .5 mgm level,
and 1.1 on the .25 mgm level. On the basis of antirachitic activity
these levels of dihydrctachysterol represent 100, 50, and 25 units
UeSeP. of vitamin D respectively. There were no apparent toxic
effects observed in these studies. Dihydrotachysterol is obviously
very potent in raising blood cslcium level, Compared with vitamin
Dy and D3 these levels (weight basis) would represent 40,000,
20,000, and 10,000 units respectively.

A group of dogs were fed supplements of irradiated ergosterol
and pure calciferdl. The levels fed varied from 10,000 to 500,000
UeSePe units per 10 kge The results are shown in Table VII.

The dogs receiving 500,000 unitg per 10 kg showed an average
11 mgm rise in calcium (severe hypercalcemia) with marked toxic
effects such as loss of weight, emaciation, and death. ©On autopsy

tissues such as the liver, spleen and kidneys showed extreme
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calcification. The gods on 400,000 units level of pure calci-
ferol showed a 6 mgm rise and loss of weight but recovered. At
the 200,000 level an average rise of 3 mgms was observed. At
lower levels no significant calcium changes were noticed. The
. 500,000, 400,000, and 200,000 levels represent on a welght basis
12.5, 10, and 5 mgms of vitamin Dye Thus on a weight basis 20
times more vitamin Dy than dihydrotachysterol are required to
produce the same blood calciuvm rise.
Similar results were obtained in further work, the resultis
of which are shown in Table VIII.
Two dogs were fed supplements of an extract of Hydee Yeast.
This was prepared by extracting several times with ether, evap-
orating and taking up in oil. It was fed at levels of 200,000,
and 400,000 unit (vitamin Dy in the oil was assayed and found to
contain 244,000 units per ml). Calcium rises of 11 and 6 mgnms
were found at the 400,000 and 200,000 unit levels respectively.
This yeast extract seemed to be a'little‘more patent on the same
unit basis than pure calciferol or irradiated ergosterol. This
may indicate that certain irradiation products other than vita-

min Dy might have contributed to the rise in blood calcium.

3+ Chickenge—-

In these studies young and old birds were fed a complete
ration supplemented with dihydrotachysterol at levels of 1, .5,
and .25 mgms. The results of the blood calcium chaenges are con-
tained in Table X. From tiiis it can be seen that chickens
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respond like dogs to the various levels of dihydrotachystercl.
Blood Ca rises of 8.6, 5.1, and 1.3 mg were observed at the
above three levels of dihydrotachysterol. Laying hens showed
ﬂa somewhat smaller use which might be expected inasmuch as they
had a higher initial blood celcium level. The males showed

a slightly greater response. The old birds showed about the
same response &s did the young birds on the various levels.

Other groups of birds were given supplements of irradia-
ted ergosterol (vitamin Dz), Haliver oil (vitamin D3), and Tuna
liver oil (vitamin D3) at levels ranging from L4500 units pér
kg to 400,000 units per 10 kg body weight. The results are
given in Table XTI,

The birds showed no significant calcium rises on 400,000
or 200,000 units of vitamin Doe With vitamin D3 from tuna liver
oii a rise of 1.8 mgms on a 200,000 unit level represented a 1
to 36 ratio between the vitamin D, and ﬁ3 or the vitamin D3 was
36 times more effective on the same unit level. Results of
vitamin D3 from Haliver oil indicated the same effectiveness as

that of Tuna oil.

he Cows—-
A& group of cows were fed supplements of D.H.T., Hydee Yeast,
and irradiated ergosterol. The results are given in Table XII.
With dihydrotachysterol an average rise of 5.00 mgms was
found on the basis of the .5 mgm level fed. This is in surpris-
ingly close agreement with that of dogs and chickens for this

level.
=100~
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The cows fed Hydee Yeast supplement showed a rise of 5.2 'and
1.5 mgms respectively at the 500,000 and 250,000 unit levels.
These results were found to be lower than the Hydee Yeast extract
fed dogs in which a rises of 11 and 6 respectively were found at
the 400,000 and 200,000 unit levels.

In cows given supplements of irradiated ergosterol at a
500,000 units /10 kg level a rise of 5 mgms was obtained which

was lowervihan the response in both dogs and chickens.

B. Phosphorus

1. Rats—

Results of studies with young and mature rats placed on low
phosphorus and special low phosphorus diets supplemented with di-
hydrotachysterol are given in Table XITI. Referring to the 1 mgm
and .5 mgm levels on the low phosphorus diet, one can observe
defini%e blood phosphorus rises at both levels with young and
mature animals. The somewhat larger increases in blood phosphorus
observed with the diet containing CaC0, are undoubtedly due to the
abundance of calcium in this diet.

Groups of young rats were placed on stock ration and D.H.T.
supplements ranging from 1 mgm to .25 mgmé. The results“found
in Table XTIV, indicate blood phosphorus elevations ranging from
3.1L to 1.60 for the four levels of D.H.T. administered. The
notable difference here is that on the stock diet (.62-.6&% P
content) the elevations were much greaster than with the low phos-

phorus diets on either young or mature animals. This may indicate
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that the food supplies of phosphorus as well as calcium have an
important influence on blood changes involving these eleméﬁts..
This is further supported by the results shown in Table XV in
which higher phosphorus rises of the blood were observed in
mature rats receiving D.H.T. supplements in conjunction with

the stock ration.

Table XVI contains the hlood phosphorus values of dogs fed
ented Ly the dalily administration of
D.H.Te on 1, «5, and .25 mgm levels. Increases of 2.53, 1.75,
and 1.05 mgms were observed on the above three levels administered.

Although the phosphorus changes are not as consistant as the
calcium they are nevertheléss in harmony with other results of the
investigation.

The results of feeding supplements of irradiated ergosterol
and pure calcifercl are shown in Table XVIi. A phosphorus rise
of 2.6 mgms was obtained at the 500,000 level cof irradiated
ergosterol and one of 1.6 mgms at 200,000 units of pure calci-
ferol,

Table XVIII contains the results of further studies on high
levels of irradiated ergosterol and pure calciferol. Here again
the results show about the same order of blood phosphorus rise
as previous experiments at the same levels, |

The results with an extract of Hydee Yeast are given in
Table XIX. Blood phosphorus rises of 1.4 mg on the 200,000 unit

level and about 2,0 mg on the 00,000 level were cbserved.
-102~
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3. Chickens—-

Studies with young male and female birds placed on a éom-
plete ration supplemented witii two sources of irradiated ergosterol
at 100,000 and 200,000 unit levels gave significant blood phos-
phorous rises. Overall (male and female) averages of 2.18 mg andv
1.h1 were obtained‘at the 400,000 unit level of irradiated ergos-
terol sources I and II respectively, and rises of .94 and .63 at
the 200,000 unit level, The results are showﬁ in Table XX.

In Table XXI results are shown for young and old birds fed
supplements of D.H.T. At all levels an increase in blood phos-
phorus was noted. The old males and females show higher blood
calcium rises throughout than do the younger birds. The males
both young and old show smaller rises throughout these studies
except at the lower levels where there seems to be no significant
differences.

The results of feeding supplements of Vitamin D3 in the form
of Tuna and Haliver oil oﬁ various ievels are shown in Table XXII.
The phosphorus rises here are smaller but more uniform within the
various levels. No significant differences are observed between

the two vitamin D3 sources used in these studies.

L Cows—=
The studies with cows administered D.H.T. supplements at a
.5 mgm per 10 kg level gave blood phosphorus rises which averaged

2.Che All of them were fairly consistent at this level. The con-

trol cows used served as a double control and exhibited no blood
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phosphorus changes. The cows were bled initially before supple-
ments were administered and 5 days after the lést supplement

was fed. Here in contrast to the lasting effect of the compound,
we find a drop in blood phosphorus back towards normal or the
initial values. The results are shown in Table XXIII.

Supplements of Hydee Yeast administered in grain at levels of
500,000 and 250,000 wunits of Vitamin D2 per 10 kg, were observed
to exert a blood phosphorus rise of 3.12 and 2.03 respectively.
The control cow showed no rise. These values were practically the
same as those observed on dogs fed the Hydee Yeast extract at
lower levels (400,000 and 200,000). These values are shown in
Table XXIV.

Cows administered irradiated ergosterol at a 500,000 units
per 10 kg level exhibited an average blood phosphorus increase
of 2.09, as shown in Table XXV, These values were of about the
same order as those exhibited by dogs at the same irradiated

ergosterol level.

C+ Phosphatase .

1l. Rats—

The phosphatase values on mature rats placed on stock ration
and administered irradiated ergosterol on levels varying from
1,000 to 20,000 units per 10 kg of body weight are shown in Table
XXVI. The acid phosphatase values show significant decreases
in the ascending order of vitamin Dy dosage. The alkaline phos-

phatase values decreased as the vitamin Do level increased.
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Table XXVII shows the same decrease in actlivity in the case of
both the acid and alkaline phosphatase, altho the latter was not
as pronounced. The animals were fed a normal stock diet and given
supplements of irradiated ergosterol and pure calciferol.

Young rats placed on low calcium diet showed an initially
high acid and alkaline phosphatase activity. Significant decreases
in both acid and alkaline phosphatase activity was observed when
Hydee Yeast was administered as shown in Table XXVIII.

Young rats placed on a low calcium and stock diets supple-
mented with pure calciferol Hydee Yeast and Haliver 0il exhibited
lowered acid and alkaline phosphatase values at all levels. There
were no significant differences in effect between vitamins Dy and
D3 as shown in Table XXIX.

2. Cows——

Table XXY shows the serum‘phosphatase results on two cows,
one fed .5 mgm/10 kg level of DHT and the other ﬁsed as a control.
A gradual decrease in the alkaline phosphatase was observed in
the cow receiving the supplements. The acid phosphatase activity
shoﬁed no significant changes. In the control cow no significant
variations were observed in either the acid or alkaline phospha-

tase activity.
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1.

L.

5.

6,

T

s Chickens administered vary

CONCLUSIONS

Rats fed massive doses of vitamin D from various sources
showed characteristic resistance to blood calcium changes.
Dogs £o which massive doses of various vitamin D products
were administered were observed to show & hypercalcemia,

and, in certain cases, a general emaciated condition, follow=-
ed by death. Autopsy showed a general calcification of
various tissues.

ng doses of vitamin D products

"o

showed lower rises on vitamin D2 sources than with vitamin

'DB. Vitamin D3 was found to be about 36 times more effec-

tive then Vitamin Dj.

Massive doses of various Vitamin D products administered to

cows caused a definite hypercalcemia.

On the basis of limited studies, it would appear irradiated
yeast or an extract of irradiated yeast was somewhat more
effecting than a corresponding amount of pure Vitamin D.
Dihydrotachysterol produced significant blood calcium eleva-
tions in young and mature rats fed normal and low phosphorus
diets. |
The average blood calcium use exhibited by dogs on dihydro-
tachysterol supplements of 1 mgm.,.5 mgms., and .25 mgns per
10 kg. of body weight were 8.6 mgms 5.1 mgms, and 1.l mgms

respectively.
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8. Chickens fed supplements of dihydrotachysterol were observed
~—_  to show calcium uses of 8.6 mgms., 5.1 mgms., and 1.3 mgus.,
for levels of 1 mgm, .5 mgm., and .25 mgm. respectively.
These results agree well with those obtained on dogs.

9. Dihydrotachysterol on a .5 mgm level produced a 5.0 mgm blood
calcium rise in cows. These effects are comparable to those
ocbtained with dogs and chickens.

10. Dogs administered massive doses of various vitamin D products
were observed to attain blood phosphorus rises of between 1.4
mems and 2.4 mgac.

11l. Young and mature chickens were observed to show significant
blood phosphorus elevations when fed massive doses of various
vitamin D products. Here again the vitamin D3 was found to
be more effective than D2

12.Cows fed supplements of various vitamin D products in massive
doses produced marked blood phosphorus rises ranging from 2
to 3 mgnms. _

13. Young and mature rats fed normal and low phosphorus diets were
shown to have elevated phosphorus levels when various doses of
dihydrotachysterol were administered. The rises were greatest
in the case of the normal ration.

1l. Dogs toiwhich dihydrotachystercl was administered showed phos-
phorus elevations of 2.53 mgms, 1.75 mgms, and 1,05 mgms at
levels of 1.0 mgm., 5 mgm., and .25 mgm., per 10 kgm body

weight respectively.
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15. Chickens administered supplements of D.H.T. showed blood
phosphorus increases at all levels used. The rises were
somewhat higher in the males than in the females.

16. Cows fed dihydrotachysterol on a basis .5 mgm per 10 kg
of body weight showed an average phosphorus rise of 2.0l
mgms.

17. Acid and alkaline serum phosphatase values on rats fed on
1,000 to 20,000 unit levels of vitamin D (I.E.) per 10 kg
body weight were shown to be significantly lowered. Normal
and low calcium rations were used. The low calcium ration
gave higher initial and final values in these studies.

18. Serum phosphatase values on cows fed dihydrotachysterol,
showed a gradual decline in the alkaline phosphatase values

whereas the acid phosphatase remained unchanged.
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