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I
INTRODUCTION
In 1933 Holtz, a German worker, developed dihydrotachysterol
(Antitetanic preparation 10), an irradiation product of ergosterol,
as a specific drug for the treatment of hypoparathyroidism.

It is

used extensively for this condition at the present time as, in con¬
trast to parathyroid extract, it produces no refractoriraess when
administered, even after long periods.

The drug is used because it.

is able to maintain normal serum calcium levels without accompanying
toxic effects.

This action is not specific to dihydrotachysterol

but is also found in varying degree in several related compounds,
especially calciferol, another irradiation product of ergosterol.
In fact, calciferol is often used in place of dihydrotachysterol be¬
cause of its lower cost and the fact that, in humans, it appears to
be as effective (McLean, 1953$ Martin and Rilliet, 1953).
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CHEMISTRY OF VITAMIN D

The similarity in action of calciferol and dihydrotachysterolj
although in different ratios, is not surprising when one considers the
chemical makeup of the two;

For this reason a discussion of the chem¬

istry of vitamin D and related compounds seems advisable at this time.'
The term Vitamin D covers a number of compounds all possessing
antirachitic activity;

In recent years several chemibally distinct

fowns of the "vitamin" have been reported;

Custom now limits the ap¬

plication of the term to antirachitic sterol derivatives and to the
unidentified antirachitic components of fish oils and other foods which
are supposed to belong to this group (Bills, 1939).
The two forms of vitamin D which have the most widespread use and
are the most important are activated ergosterol and activated 7-dehydrocholesterol.

For the purpose of this study we will consider only ergos-

terol since both calciferol and dihydrotachysterol are derivatives of
this compound.
Ergosterol, the pro-vitamin of calciferol and tachysterol; is the
characteristic sterol of fungi.

It is prepared from yeasts and molds

and may make up to 2% of the dry weight of these organisms.

When ergos¬

terol is exposed to ultraviolet light a transormation to calciferol be¬
gins immediately.

However, even under the best controlled conditions

the transformation is only about 50% to calciferol.

This is due to the

fact that the transformation is not directly to calciferol but takes
place in a series of overlapping steps of which calciferol is not the
last.

The following steps are involved when ergosterol is irradiated.
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Ergosterol

1

Lumisterol
Tachysterol

I

Calciferol

i

Toxisterol

/

Suprasterol I

vSupr&sterol II

At no point in the series of reactions is any one of the substances
present alone. Calciferol may b3 separated partially from the rest
due to the fact that it requires more energy to convert it to toxisterol
than is needed to produce it from tachysterol.

Thus, if the irradiation

is not overly prolonged, calciferol is the chief product (Bills, 1939).
These above reactions are purely photochemical.
or leaves the molecule during the transformations,

Nothing enters

The only difference

in the compounds formed is in the arrangement of the molecules.

The

activation can be induced by any wave length which is absorbed by the
ergosterol molecule, although those between 305 and 230 njju are the most
effective.
temperature.

The reactions are not noticeably changed by differences in
They have been carried out with the same results in boil¬

ing solutions, at room temperature, and.at the temperature of liquid
air.

The activation is more rapid in solution than if done while in

the solid state, and is even more rapid if the solution is agitated
while being irradiated.
If the irradiation of calciferol is carried too far toxisterol
is formed.

This substance, as the name implies, is toxic.

One of the

early preparations of calciferol (Vigantol) was actually a mixture of
Calciferol and toxisterol.

It was prepared commercially under the

3
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mistaken idea that the irradiation of ergosterol should proceed un¬
til the absorption was at a maximum.

Actually the most active form

of the vitamin, calciferol, is formed before this.

From this impure

preparation of calciferol stems much of its reputation of being toxic.
■

i

The preparations of calciferol on the market today are free from
toxisterol (Reed, et al, 1939).
Dihydrotachysterol, or A. T.-10, is also a photochemical deriv¬
ative of ergosterol.

It is the reduced form of tachysterol which pre ¬

cedes calciferol in the series following irradiation of ergosterol.
When calciferol is produced from ergosterol only about 50$ of the final
product is calciferol*

The remaining 50£ is made up of a mixture of

lumisterol and tachysterol.

The development of dihydrotachysterol was

done in a deliterate effort to produce a compound which would be effective
in the treatment of hypoparathyroidism.

Its development was based on the

idea that the toxic and antirachitic effects of vitamin D were due to two
different factors.

The earlier concept had been that the toxic effects

of vitamin D was due to an overabundance of the antirachitic factor and,
therefore, was due to hypervitaminosis.

The idea was to produce a com¬

pound which would contain a large amount of the "Calcinosefaktor'1 (toxic
factor) which would be effective in relieving the low serum calcium found
in hypoparathyroidism.

In 1933 Holtz developed dihydrotachysterol from

tachysterol and this compound was shown to fulfill the expectations in
the treatment of hypoparathyroidism (Albright and Reifenstein, 1948).
A look at the structural formulas of ergosterol, calciferol, and
dihydrotachysterol will further emphasize the similarity between these
compounds.

It can be seen that the only difference between these com-

pounds is a spatial rearrangement of the molecule and the addition
of two hydrogen atoms between C-22 and C-23 in the side chain of
dihydrotachysterol.

Ergosterol

Calciferol

Dihydrotachysterol
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CLINICAL USES OF DIHYDROTACHYSIEROL

Dihydrotaehysterol (A.T.-IO) is most"commonly used in the treat¬
ment of hypoparathyroidism although it has been used in the treatment
of pemphigus (Lever and Talbott, 1941), scleroderma (Bernstein and
Goldbarger,

1946),

otosclerosis (Gunten, 1943), and pseudohypopara¬

thyroidism (Alexander and Tucker, 1949).
In Hypoparathyroidism;

McLean (1941) reviewed the use of dihy-

drotachysterol (and calciferol) in parathyroid insufficiency.

The fol¬

lowing is quoted from his article:
"It is now well established that certain
products derived from activated ergosterol
are highly effective in increasing the con¬
centration of calcium in the blood and in
relieving the symptoms of parathyroid in¬
sufficiency. It appears ....... that these
products may be administered over a consi¬
derable time with reasonable safety ......
and that their prolonged use is attended
neither by injury to the patient nor by the
development of tolerance."
Among the advantages in the use of dihydrotaehysterol (and calciferol)
in the treatment of parathyroid insufficiency is that no tolerance is
built up against this drug as is the case with parathyroid extract.

It

possesses the additional advantage of being effective when given by
mouth while the extract must be given by injection.

The activated sterols,

because of their relatively slow action, cannot be used in emergencies
and in this case the extract must be used.

However, because of their

slow and prolonged action the activated sterols do not need to be given
as frequently as the extract.

Dihydrotaehysterol possesses the disad¬

vantage of being expensive so that from a financial point of view calci¬
ferol is often the drug of choice.

6
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One of the earliest reports of the use of dihydrotachysterol in
clinical use is that of MacBryde (1938).

He reports on seven casesj

sis of post-operative tetany following accidental removal of the para¬
thyroid glands during thyroidectomy and one of the idiopathic type.
All were successfully treated with dihydrotachysterol.

Previously

their symptoms had been uncontrolled for periods ranging from three
and one half to seventeen years, except for temporary periods when
calcium salts and parathyroid extract had been effective.
developed resistance to the extract.

Three had

All symptoms were completely re¬

lieved with dihydrotachysterol and at the time of his report none of
the patients had any toxic symptoms or had developed resistance to th3
drug.

This, and most of the other clinical reports, emphasize the im¬

portance of periodic checks of urine calcium as an indication of over¬
dosage,

This is done easily by means of the Sulkowitch Test, which can

be performed by the patient, himself, without any expensive equipment,
and can be used as a gauge of the level of serum calcium.

Using this

simple test the patient is able to adjust his own dosage of dihydro¬
tachysterol.
Many other similar reports of the successful control of parathyroid
tetany with dihydrotachysterol are available in the literature (Franco,
194°? Harding, 1942? Berk, 1939? Albright, 1939j Margolis and Krause,
19391 and others).
It should be mentioned at this point that the use of calciferol
O

■

in the treatment of human hypoparathyroidism appears to duplicate the
action of dihydrotachysterol.

The dosage required for calciferol is

about twice as much as that of dihydrotachysterol on a milligram basis

(McLean, 1941).

Much of the use of calciferol in this syndrome has

teen confused by the fact that at two different dose levels calciferol
exhibits two different and distinct actions.

At a dosage of 700 to

1.000 international units per day it is effective in curing and/or
preventing rickets (Park, 1940).

However, at a dosage of 60,000 to

200.000 international units per day calciferol is effective in ele¬
vating and maintaining serum calcium levels (McLean, 1941).

This

dual action of calciferol at two separate and distinct dose levels
has caused mUch of the confusion in its usage in parathyroid insuffi¬
ciency. Dihydrotachysterol, on the other hand, has its dosages based
on the effect on calcium in the blood.

Eeeause of the confusion about

calciferol, and the mistaken impression that dihydrotachysterol1 s ac¬
tion on serum calcium is specific to that drug, dihydrotachysterol
has been considered by some to be overemphasized as treatment.

McLean

(1941) claims the calcemic factor of the two compounds to be identical
if the proper dosages are used.
In Pseudohypoparathyroidism: In 1942 Albright et al described a
syndrome which they chose to call pseudohypoparathyroidism.

The out¬

ward signs and symptoms are those of hypoparathyroidism, but the cause
is not a lack of the parathyroid hormone but an apparent inability to
respond to it.

They report that the discovery of this condition was

a result of a lucky coincidence.

A patient with apparent hypopara¬

thyroidism was treated with parathyroid extract, even though the authors
had given up this treatment of hypoparathyroidism in favor of dihydro¬
tachysterol.

Upon finding no response to the extract a biopay was per¬

formed and the parathyroid gland appeared to be normal.
was successfully treated with dihydrotachysterol.

8
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The patient

Up to 194^ Albright

and Reifenstein reported a total of seven cases of this unusual
condition.

Here then is a condition where the extract would not

be effective even if no refractoriness were built up against it.
In this case dihydrotachysterol is able to relieve the symptoms and
return the serum calcium levels to normal where even large doses of
parathyroid extract (7,400 units) had absolutely no effect.

9
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OTHER EFFECTS OF DIHYDROTACHYSTEROL

Antirachitic Effects: Much of the early work with dihydrotaehysterol reported that this substance had no antirachitic effects*

Harnapp

(1935), however, did report an antirachitic effect of the drug, and in
1941 Shohl and Farber confirmed his work on the rat.

The latter investi¬

gators reported that dihydrotachysterol was only one four-hundredth as
effective as vitamin D2

(calciferol) and was five times as toxic.

Correll and Wise (1942) assayed dihydrotachysterol using both the rat
and the chick.

They found that dihydrotachysterol had an antirachitic

potency of 30,000 international units per gram using the U.S.P. XI rat
technique as compared to calciferol’s 40,000,000 international units
per gram.

They also concluded that on a weight basis dihydrotachysterol

was one eighth as potent as calciferol as an antirachitic for the chick,
but, in contrast, on a rat unit basis it was about 400 times as potent as
calciferol.

Another surprising result of their experiments was the find¬

ing that dihydrotachysterol was four times as effective as vitamin D from
cod liver oil, rat unit for rat unit, as an antirachitic for the chick.
This was the first time an antirachitic substance from vegetable source
(see section on Chemistry of Vitamin D) was found to be superior to that
of vitamin D from cod liver oil.

In a later paper (1943) Correll and

Wise emphasize the individuality of the antirachitic action of dihydro¬
tachysterol by pointing out that only 0.5 international units per day
were required to produce normal mineral metobolism as compared to 100
international units per day for calciferol.
McChesney (1943a) confirmed this work and in addition contrasted

—10—

the effectiveness of dihydrotachysterol, calciferol, and vitamin
(a derivative of 7-dehydro-cholestrol) when given orally or intra¬
muscularly.
vitamin

He found the oral effectiveness of these to be 35s1
to calciferol and 4*5-1 dihydrotachysterol to vitamin D^,

rat unit for rat unit.

However, when given intramuscularly dihydro-

tachysterol was not as effective as when given orally.

In a second

paper (McGhesney, 1943b) he found that dihydrotachysterol was less
effective when given intraperitoneally than orally.
Harrison and Harrison (1942) demonstrated that while dihydrotaohysterol has the same physiological effects as calciferol in the
normal dog it could not be used as a substitute for calciferol in the
rachitic animal*
Effect on Bone: Latta and Tristan (1950) reported in a histologi¬
cal study, that dihydrotachysterol, if given in large enough doses, was
able to cause a marked dissolution of the long bones of young rats. They
consider that ths hypercalcemia and renal tubular calculi seen in the
late stages of their experiments were a direct result of the removal of
calcium from the bones.

Their report also stated that dihydrotachysterol

was effective more rapidly when given orally than whan given subcuta¬
neously, although the subcutaneous route gave equal results if a longer
period of time was used.
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EFFECTS OF PARATHYROIDECTOMI
When an animal is parathyroidectomized, or the parathyroids
j

cease to function for some reason, a characteristic series of effects
can he observed.

In the rat, phosphate.excretion drops immediately

and remains low for about 16 hours, at which time it returns toward
normal*

Calcium excretion, on the other hand, increases following

parathyroidectomy becoming highest one to two hours following removal
of these glands.

It gradually decreases until approximately 16 hours

when it, like phosphorous, returns to near normal levels.

The serum '

phosphorous levels gradually increase following the operation.

Serum

calcium levels drop following the operation and if allowed to remain
too low may lead to tetany and death of the animal*

The return of

urine phosphorous excretion to normal levels takes place when the
serum phosphorous reaches a level of about 12 to 14 mg $*

That of

calcium excretion rettuns to normal values when the serum calcium level
drops to between 6 and 7 mg %.

These changes have recently been des¬

cribed from this laboratory (Talmage et al, 1955)*

12-
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THEORIES 0? PARATHYROID FUNCTION
Since this study deals partially with the influence of dihydrotaehysterol on parathyroidoctoaised animals it seems advisable at this
time to present some of the current theories of parathyroid function
in order to determine how the results obtained fit into the concepts
advanced#
AlbrAwht-Reifensteln Theory?

The theory which has received the

most wide spread acceptance, up to the present, was originally proposed

by Albright, and since developed by Albright and Roifenstein (194&).
They believe that the chief influence of the parathyroid glands is on
the renal excretion of phosphate.

The other effects of the hormone

(and parathyroidectomy) they consider to be secondary to this effect*
The best way to sum up their concept is to quote directly from their
f, :
'
description.

“....the parathyroid hormone in some way affeGta the
phosphate dissolved in body fluids in such a way as to
mate it more readily exoreted by the kidney with a re¬
sulting decrease in the serum phosphate level} this tends
to mate the body fluids less saturated in regard to what¬
ever equilibrium constant governs the serum calcium and
phosphorous values .......resorption of the calciumphosphate salt from the bone resorbing surfaces is there¬
by inoreaeedj there results an elevated serum calcium
lovel together with the depressed serum phosphorous levelo
Once this new state of equilibrium ha3 been reached there
would be no further changes if it wore not for the fact
that the higher serum calcium level leads to an increased
calcium excretion in the urinoj this loss of calcium in
the urine is a factor tending to cause undersaturation
Of the body fluids again so that unloss tharo is a supply
of calcium from the gastrointestinal tract the bones will
have to supply the deficit} a..,11 (Albright and Roifenstein,
194S)
For .the main evidence in favor of the Albright-Reifenstein theory the
reader is referred to their book Parathyroid Glands and Metabolic Bone
Disease.
13'
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Munson-Kenny Theory: Briefly stated these workers believe that
the calcium-mobilizing activity and phosphaturic activity of the para¬
thyroids are due to two separable hormonal activities* However, their
work is done using parathyroid gland extracts, both with commercial
forms, and with extracts which they prepare from bovine parathyroids.
It is possible that these extracts do not behave in ths same way as
the hormone in vivo, as has recently been suggested by Buchanan (1954)*
Talmage-Kraintz Theory;

Recent work in this laboratory has

challenged the Albright-Reifenstein school of thought.

Talmage and

Kraintz (1954) have demonstrated that it is possible to show a serum
calcium fall before any change is seen in the serum phosphorous.

It

is also possible to show that the calcium and phosphorous in blood can
vary without any apparent solubility product being involved (Talmage
et al, 1953).

The theory proposed from this laboratory is that the

primary action of the parathyroid hormone is to remove calcium and phos¬
phorous from the bone.

In addition to the action on bone the hormone

also is able to affect the kidney thresholds for calcium and phosphorous
(Talmage and Kraintz, 1954)*
Other Theories: Stewart and Bowen (1951) demonstrated that the
parathyroids had an effect on serum calcium even in nephrectomized
animals.

Thus, they conclude that the action of the hormone on calcium

is not mediated through the kidney.

In a later work (1952) these same
of

workers raised the question as to whether the effect ■©» commercial ex¬
tracts on renal excretion of phosphate was real or an antefact.

Grollman

(1954) concluded from studies on nephrectomized animals that the pri¬
mary effect of the hormone on serum calcium is through direct action
on the bone rather than through any action via the kidney.

MODE OF ACTION OF DIHIDROTACffifSTEROL
As to the mode of action of dihydrotachysterol there is also
some disagreement.

Albright and Reifenstein state that the action

of this drug is more similar to the parathyroid hormone than it is
to vitamin D.

Their idea is that the drug affects the kidney causing

an increase in urine excretion of phosphate, followed by a decrease
in serum phosphate and an increase in serum calcium.

The other ac¬

tion of dihydrotachysterol, similar to vitamin D, in increasing the
absorption of calcium from the intestine is believed by these authors
to be of lesser importance.

They do not make any statements to the

effects, if any, of dihydrotachysterol on the bone.

15-
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STATE!.®NT OF THE PROBLEM

In view of the work being done in this laboratory on the func¬
tion and mode of action of the parathyroid glands many of the earlier
concepts of parathyroid action have been questioned.

It was with

these questions in mind and in view of the fact of dihydrotaohysterol's
wide acceptance as a drug in the treatment of hypoparathyroidism that
this study was undertaken.
When one surveys the literature in regards to the mode of action
of dihydrotachysterol one is immediately impressed with the lack of
work done using this material on experimental animals, other than hu¬
mans, in an effort to understand its actions.

There is much clinical

data using dihydrotachysterol but most of the reasons for its use ap¬
pears to be empirical.

Host of the reports on animals, other than hu¬

mans, are concerned with the antirachitic effects of the drug.
This study was made, therefore, in an effort to try to elucidate
the action of dihydrotachysterol on parathyroidectomized and normal rats.
Also, since calciferol is often used in place of dihydrotachysterol in
the treatment of parathyroid insufficiency some comparative studies of
the two compounds were done.
These experiments were all performed under the same conditions
and using the same methods as those done in this laboratory involving
parathyroid extract in order that some idea of the comparative effects
of the different materials commonly used in treatment of parathyroid
insufficiency could be made.

16-
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MATERIALS AM) METHODS

In preliminary experiments it was found that a dose of 200
Mg per day gave the best desired responses; therefore, unless
otherwise specified, this dosage of dihydrotachysterol (referred to
hereafter as A.T.-10) was used in all subsequent experiments. It was
also determined that dihydrotachysterol was relatively slow in action
so, in most cases, the animals used in the experiments were pre-dosed.
That is, the experimental animals were given A.T.-10 for two days
prior to the experiment and a third dose on the day of th9 experiment,
unless otherwise noted*

Preliminary work also showed that the Sesame

oil used as a vehicle for the A.T.-10 had no effect on serum calcium
or phosphorous levels,

The excretion of radiophosphorous was, like¬

wise, not affected by.this oil*

. A total of 190 male Spargue-Dawley rats were used in these exper¬
iments, having a weight range of 175 to 250 grams.

For moat of the ex¬

periments the animals were maintained on a standard purina diet through¬
out the duration of the experimental period.

However, in some cases as

noted, the animals were kept on a calcium free diet for up to ten days
before the start of the experiment in order to rule out any effect of

A.T.-10 or calciferol on the intestinal absorption of calcium.

When

parathyroidectomies were performed, the glands were removed individually
under ether anesthesia, using the method of Richter and Birmingham

(1941).
The radioisotope, P^2, was injected intraperitoneally in doses
ranging from 5 to lOyuc., the dose being kept constant for any one ex-

17-
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periment.

At least four normal controls were run in each experiment.

The time of administration of the radioisotope varied according; to
the experimental procedure and is noted in the results.

The dried ,

urine was '’counted” using standard procedures on a Tracerlab SG-1B
Autoscaler, with an automatic sample changer and a Geiger-Muller tube.
In order to correlate the various experiments to each other the radio¬
activity of the normal controls were set at 1000 and all other counts
adjusted accordingly to this standard.

By this method variations

in dosage, in radioactive decay and in types of measurement equipment
used were negated and the radiophosphorous excretion of all the exper¬
iments could be compared.

Radiophosphorous excretion was used as an

indication of phosphate excretion, a procedure which has previously
been shown to be reliable (Talmage and Kraintz, 1953).,
In a preliminary experiment A.T.-10 was given both orally and
subcutaneously In equal doses in order to determine the most effective
route of administration.

As a result of this experiment the oral route

was chosen and all following experiments used this method.

Both Hytakerol

(Winthrop-Stearns Inc. brand of dihydrotachysterol in Sesame oil) and
Drisdol (Winthrop-Stearns Inc. brand of crystalline vitamin D2 (calci¬
ferol) from ergosterol in propylene glycol), when used, were administered
by stomach tube.

For the collection of urine the animals were placed

on glass metabolism cages and the urine collected in graduated cylin¬
ders,

For those experiments running over eight hours on metabolism

cages the animals were given food (calcium-free to prevent excess cal¬
cium contamination of the urine) and distilled water ad lib.

18-

-

When re-

pasted short urine collections ware used the animals were given 5
«

ml* of distilled water by stomach tube at the beginning of each
period in addition to the dose of

%

body weight given each animal

at the beginning of the experiment.
At the termination of each experiment the animals were bled
by heart puncture in order to obtain serum for calcium and phosphorous
determinations.

For both serum and urine determinations, where done,

total phosphorous values were determined by the method of LePage
(1949) and total calcium values by the Clark and Collip modification
of the method of Kramer and Tisdall (1925).

19-

EXPERIMENTAL RESULTS
Effect of Route of Administration of Dihydrotachysta rol;

This

study was the first undertaken and was in the nature of a preliminary
experiment.

Two methods of administration, oral and subcutaneous, were

tested in order to determine which one was the preferable route to be
used in later experiments.

Two groups of rats received a total of 600

/og of A.T.-1Q (200 jog / day) over a three day period; one group was
given subcutaneous injections and the other received A-.T-.~10 by stomach
tube.

In addition, parathyroidectomized animals receiving no treatment

were run simultaneously as controls.

The results are summarized in

Table I.
Examination of these data shows that while A-.T.-10 when given
orally partially prevented the drop in P^ excretion normally seen fol¬
lowing parathyroidectomy, the same drug at the same dose level was in¬
effective in preventing this drop when administered subcutaneously.
Since thi3 experiment covered three days from the time of the first
dose of A.T.-10* the subcutaneous dose had ample time to be absorbed
and the explanation for the differences in action when the drug is
given other than orally must be looked for in some other faotor.

Just

as striking as the effect on P^ excretion was the effect of the drug
on serum calcium.

Rote again that if given orally the drug almost en¬

tirely prevented the hypocalcemia normally seen following the opera¬
tion, while this drop was not prevented by subcutaneous administration
of the same dose.

The effects on serum phosphorous are just as graphic;

the effect being greatest when A.T.-10 was given orally.

20-
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As a result of this experiment in ail subsequent experiments
using A.T-.-10 the oral route of administration was employed'.

The re

suits of this experiment are in agreement with those of Latta and
Tristan (1950) and L'cChesney (1943a);

21-
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TABES X ORAL VERSUS SUBCUTANEOUS ADMINISTRATION 0? A.T.-10
Renal P^2 Terminal Terminal
Excretion Serum Calcium Serum Phosphate
(Total) (mZ) .. .... Pj__
Normal Controls

1000 9.7 10.1 (660-1355) (9.0-10.2) (9.4-U.l)

Parathyroidectomized
Controls

116.9
11.1
(9-13) (6.4-7.8) (9.7-12.0)

Parathyroidectomized
A.T.-10 ty
Stomach Tubs

563'- ■■■■•■■ 9.0 : 12.7
(440-757) (8.4-10.2) (11.5-13.9)

Parathyroidectomized
A.T.-10
Subcutaneously

10
7.4
10.9
(9-10) (7.0-7.8) (9.9-12.4)

Notes;

r

1*

Dosages 200 /ug daily* Initial dose 48
hours prior to parathyroidectomy.
2. Urine collection period: 1-4 hours after
parathyroidsatomyj animals bled at end of
collection period.
Each
value given = average of three animals$
3.
ranges are indicated.
4v P-^ given 1 hour after parathyroidectomy.
Radioactivity excreted by normal animals set
at lOOOj experimental values adjusted to this
standard.
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Effect of Dihvdrotachvsterol on Normal Rats: This part of tho
study of A.T.-10 is divided into two general sections.

The first is

concerned with the effects of various dose levels on normal rats.

The

second is concerned with the cumulative effect of on3 constant dosage.
I, Effects of Dose Level of A.T.-10 on Normal Rats: For this
study four groups of animals were used.

All were maintained on a stan¬

dard purina diet and distilled water ad lib.
iment no radioactivity was given.

In this particular exper¬

The purpose of this study was to de¬

termine at what dosage of A.T.-10 the test responses could be obtained.
The doses of A.T.-IO were as follo\7s:
Group
Group
Group
Group

I....25 Mg
II...50Mg
III.100 Mg
I7..200Mg

per
per
per
per

day
day
day
day

(total
(total
(total
(total

dose
dose
dose
dose

75 Mg)
150 Aig)
300 Mg)
600Mg)

The results are given in Table II, For comparative purposes the normal
/hr.

phosphate excretion in normal rats is ,300-^.00 mg £.

Normal serum cal¬

cium value3 in rats are between 10.0 and 11.0 mg %f while normal serum
phosphate levels are from 9.0 to 10.0 mg $.

It might be noted that the

serum phosphate levels of all the groups given in the table are high.
This is not a result of A.T.-10 administration but a result of the pro¬
cedure of determining thi3 level. When the experimenter ran normal
animals from another group with some from this experiment, it was deter¬
mined that all the readings were too high. For this reason those fi¬
gures given in Table II are not absolute but are for comparative pur¬
poses.
Examination of these data reveals that A.T.-10 had no effect on
Increasing urine phosphate excretion until a dose of approximately
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TABLE IX
EFFECT OF DOSS LEVEL OF A.T.-IO ON NORMAL RATS

Urine
Collection
Period
(Hrs. after
iaiMal-dosel
Group I
25 >ug A.T.-IO
daily
(total dose!
75;ug.)

Group II
50 /ug A.T.-IO
daily
(total dose 5
150 /Ug.)

Group III
100/ug A.T.-IO
daily
(total dose 300/ug.)

Group IV
200 /ug A.T.-10
daily
(total dose ~
600 >ug.)

Phosphate
Exoretion
(ms p/br)

24-48

577
(I482-,783)

48-72

*536
(.422-;609)

24-43

.530
(.460-.705)

48-72

.624
( ,486-.949)

24-48

‘

48-72

Terminal
Serum
Calcium
(ms %)

.054

(.0/6-./J7)
10.7
(10.410.9)

(.oi4-.no)

12.0
(11.213.0)

* 566
(.431-.650)

.991
(.903-1.031)

48-72

12.3
(12.0- (.oof-. 029)
12.9)
• .052

.856 13.2
(.405-1.238) (12.7. .. :
i3.5)

24-48

Terminal Urine
Serum Calcium
Phosphate
Results
(ms % P) (fnq/hr)

1.323 14.8
(1.300-1.356) (14.315-ylL...

13.5 • .
(13.1- (.oes-.m)
13.8) ......
./oV
(.055-./ 35)
12.6
•/«
(12.3- (./2/-.20f)
13.1) :
.73!
(,/ot-j 6 9)

12.1 .2V3
(11,1- (,/fcfc-289)
12,.9L

Notes:
1* A.T.-IO given by stomach tube
2. Values given are averages of each groups
ranges are indicated
3. Animals bled 72 hours after initial dose
of A.T.-IO.
4* Animals maintained on stock diet and
tilled water.
5.

A/ or mat Urin e. Ca/cJcm Exer«f/W- affrotimi+eiy . 03Stnf/hr.
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300 /jg (total accumulated dose) i?as reached.

The excretion rate ”/as
<m

approximately doubled by a total dose of 600 yug.

The, effects ©* serum

calcium levels could be seen at much lower dosages.

A total dose of

150pg had the effect of raising these levels slightly, while larger ,
doses increased the serum calcium levels to a greater extent.

Except

for an unexplained increase in Group II no effect on serum phosphate
was shown under the conditions of this experiment.

It should also be

noted that there was some individual variation among the animals as
to the dose at which the various responses to the treatment were mani~,
fested.
From this experiment it can be seen that a dose of 200 /og per
day was the one that gave the greatest responses.

This dosage is used

in all experiments following unless otherwise noted.
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II.

Cumulative Effects of A.T.-10 on Normal Rats?. In order

to study some of the effects of A.T.-1Q on calcium and phosphate meta¬
bolism in normal animals the drug was administered at a daily dose of
200yug to two groups of rat3.

The first group was maintained on nor¬

mal laboratory rat chow preceding and throughout the experimental study.
The second group was placed on a specially prepared calcium-free regime
ten days prior to the actual experimentation period.

Urine collections

wore made starting 18-24 hours after the initial dose of A.T.-1Q. A
second collection was made from 24-48 hours after initial dosage and
in some instances 48-72 hours after the initial dose.

In this way

the cumulative effects of A.T.-10 on normal rats could be studied. The
results are summarised in Table III.
Examination of these data reveals that the drug produced a gradual
increase in serum calcium levels in both groups of animals while pro¬
ducing little, if any, effect on serum phosphate.

In regard to the

latter, there appeared to be some increase in serum phosphate by 48 hours
after the initial treatment with A.T.-10, but since by 72 hours phosphate
values were normal, the significance of the increase at 48 hours is ques¬
tionable.

It is of interest to note that Hoff (1935) reported an in¬

crease in serum phosphate following A.T.-10 administration.

This result

is in direct contrast to Albright and Reifensteih* s theory as to the
mode of action of dihydrotachysterol.
Renal excretion of these two ions appeared to follow the serum
values.

As the serum calcium level rose, calcium excretion increased

markedly and in some cases rose to 15 times the normal value. This
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TABEE-m'
EFFECT OF AT-10 ON NORMAL RATS

Urine Collection Periods - in Hours after Initial dose of AT-10
18-24 Hours 24-4-8 Hours , 48-72 Hours

Calcium ‘
Excretion
(mg/hr)
Normal Diet
Galeium
Excretion
(mg/hr).
Calciumfree Diet

■

Normal

AT-10 •

Normal

AT-10

Normal

AT-lO

.019*
.001.
(6)

.035*
.008....
(6)

.039*
.005
(15)

■ .337-*
.042
(15)

.019*
'.002
(6)

.020*
.003
(4)

.036*
.005
(4)

' .026*
.003
(13)

.271*
.057
(11)

.014*
.0009
(4)

.121
(3)
(.osi-.i%o)

1000*
220
(6)

1130*
310
(5)

1000*
130
(19)

2048*
178
(23)

1000*
281
(6)

1313*
348
(6)

9.6 *
.28
(10)

11.3 *
.31
(10)

10.2 *
.19
(9)

10.2*'
.35
(10)

10.0 *
.35
(10)

11.3 *
.51
(10)

11.2 *
.18
(10)

13.1 *
.36
(10)

:

..288*
.110
(6)

p32
Excretion

Serum
Phosphate
(mg % P)

Serura
Galeium
(mg %)

Notes*

1. Dosage -

200 AJG AT-10 daily
2, Numbers in parentheses = number of animals
3* Values given with S.E.
4. Animals bled at conclusion of collection
period.
5. P-32 given simultaneously with initial in¬
jection of AT-10* Radioactivity ex¬
creted by normal animals in each collec¬
tion period set at 1000, and experimental
values adjusted to this standard.
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phenomenon occurred also in the animals maintained on a calcium-free
diet which would indicate that the effect of A.T.-10 was not limited
to a vitamin D-like activity of increasing the intestinal absorption
of calcium.

Renal phosphate excretion increased slightly following

A.T.r-10 administration, doubling its rate by 4& hours.

:

Ho.Tever, as

^

in the case of serum phosphate levels, this rate was.not maintained.
Effect of A.T.-10 on Parathyroidectomized Rats: Since dihydrotachysterol is used clinically for the treatment of:hypoparathyroidism,
this series of experiments was undertaken to study the effects of the
drug on parathyroidectomized rats.

Also, since the drug is known to

be relatively slow acting, in most cases the animals were pra-dosed
up to 48 hours prior to the operations.

Some animals, however, were

given the initial dose of A.T.-10 from 12 to IS hours prior to parathyroidectomy and a third group received the drug at the time of the operation.
These last two groups of animals were used in an effort to determine
just how quickly the effects of A.T.-10 could be detected.

For a sum¬

mary of the progressive changes in the rat following parathyroidectomy,
the reader is referred to the section on the effects of parathyroidsct~
omy or to Talmage et al (1955).

The results of the above experiments

are summarized in Table IV.
One the the most striking effects produced by A*T*-10 on the
progressive changes which follow parathyroidectomy was its influence on
phosphate excretion.

Not only was the drop in phosphate excretion pre¬

vented for the most part, but even the 3mall drop noted was reversed
within a few hours.

The serum phosphate values, however, were not

markedly effected, and rose steadily as did the parathyroidectomized
controls run simultaneously.

In no case was a reduction of the high

serum phosphate fbllbwirgparathyroidectomy noted after treatment
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TABD3 IV
EESECT OF AX-10 OH PARATHXROIBECTQMIZED RATS

Time of Initial
Bose, of AX-10

Urine
Collection
Period
(Hrs, after
PXX«)

Normal Controls

—

■PTX Controls

p 32
Excretion

Calcium
Excretion
(mg/hr)
Ho Diet

Terminal
Serum
Calcium
(mg $)

1000 * 62
(34)

,034 *
.003
(18)

10.5 .19
(36)

9.3 ‘ *35
(19)

1-7

24 ^ 6
(30)

.228 *
.036
(9)

7.6 *
®2X
(24)

11,0 *
,21
(17)

1-7

17 ± 3
(17)

.300 ±
.037
(7)

8*5 —
.11
(11)

12,1 *
.63
(11)

AT-iO Given
Slmultanaously
with PTX

(3)
|a.7-9.6)

13,2
(3)
(l2.a-/3.9)

.231 .043
. (A) _

11,1 ±
.35
(4)

12.8 £
.32
(4)

.600 ±
.062
(12)

11,1 ±
.44

18-28

AX-10 Given
12-18 Hours
Prior to PTX

Terminal
Sorua
Phosphate
(mg £ P)

9.3

4-6

898 i 335
(4)

6-8

1259 ± 459
(4)

;

.

1-4 553-90
AX-10 GIVEN
24-48 HOURS
Prior to PTX
i}

4-7 1970
(1173-25-Sl)
(-3)

......

10.9
.38
_&2l_

PTX - Parathyroids c t omi sed
Notes*
1* Boss - 200 yug AX-10 daily*
2, tluafcar in parentheses s nur.ber of animals
3* , Values given t&th Standard Error (Range given whoa less than
4 animals)
4. Animals bled at end of urine collection period.
5* P-32 givon 1 hour following PTX, Radioactivity excreted by
normals set at 1000$ experimental values adjusted to this
standard.
29
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with A.T,-10.

This again is in contrast v/ith the effect which was

noted by Albright and Reifenstein.
The other striking effect of A.T.-10 treatment of parathyroidectomised rats was the prevention of the fall in serum calcium which
normally follows this operation,

When the initial dose of A.T.-10

preceded parathyroidectomy by 12 hours or more, serum calcium was re¬
duced by parathyroidectomy to normal levels, indicating only a slight
drop from the elevated serum calcium produced by the previously ad¬
ministered A.T.-10.. When the first dose was given at the time of para¬
thyroidectomy there was a rise in serum calcium by the 7th hour and an
even greater rise by the 24th hour,

The urine calcium excretion rise

following parathyroidectomy was even more marked when parathyroidectomy
was preceded by A,T.-10 administration, but this is probably explained
by the higher excrdtory rate existing at the time of operation.
Comparison of the Effects of A,T,-10 and Calciferol on Normal
and Parathyroidsatomised Rats;

In view of the chemical similarity be¬

tween A.T,-10 and various forms of vitamin D (see section oh Chemistry
of Vitmaln D) and the fact that Vitamin D2 (calciferol) is also often
used in the clinical treatment of parathyroid insufficiency, the entire
series of experiments was repeated.

An additional group of animals in

each instance was treated with calciferol in an amount double by weight
that of A.T,-10 administered in the previous experiments.

This increase

was based on McLean’s (1941) ratio of 2il for the effectiveness of
dihydrotacbysterol to calciferol*

In order to rule out the effect of

calciferol on intestinal absorption of calcium all the animals in this
series of experiments were maintained on a calcium-free diet for ten
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days prior to the experiment.

These data are summarised in Table

V.
In normal animals. calciferol and A.T.-10 had about the same ef¬
fect on urinary excretion of radiophosphorous.

However, in para-

thyroidectomised animals calciferol afforded ho protection against th©
drop seen following the operation while A.T.-10 prevented this drop.
Calciferol had some alight effect of increasing urinary calcium excre¬
tion both in normal and operated animals but this effect was not nearly
of the magnitude seen in the A.T.-10 treated animals.

The major effect

jr

seen with calciferol was on the serum calcium levels of parathyroideo
tomized animals where it partially.protected against the drop normally
seen following the operation.

But here again the protection was not

nearly as great as that given by A.T.-10 which also raised the serum
calcium levels in normal animals while calciferol had no effect on this
group.

Neither A.T.-10 nor calciferol had any pronounced effect on the

level of serum phosphate.
From these data it may b© seen that, for the phenomena described,
caloiferol will not replace A.T.-10 in the rat.

For the most part cal¬

ciferol could not be shown to influence any of the physiological func¬
tions studied in these experiments.

The only possible effects seen for

calciferol were minor increases in renal calcium excretion and a slight
retardation,in the fall in serum calcium following parathyroidectomy.
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TABLE V
COMPARISON OF VITAMIN Dg AND AT-IO IN NOMAL AND PARATHYROIDECTOMIZED RATS
Renal P32
Excretion
(Total)

Renal
Calcium
Excretion
(mg/hr)

Terminal
Serum
Calcium
(mg %)

Terminal
Serum
Phosphate
(mg & P)

1000 * 220

.020 * .003

10.6 * .35

9.8 * .28

Normals + Vitamin 1246 ± 303

.073 * .016

10.1
(9.5-11.4)

9.0
(8.6-9.5)'

Normal Controls

D2

Normals + AT-10 1540 * 104

.390 ±. .044

13.1 ± .36

10.2 ± .35

Parathyroidectomized 4
Controls (3-4)

.043
(.042-.045)

7.6 ± .21

11.0 ± .21

.076 = .022

9.1 * .22

11.9 - .37

.234 * .022

12.2 ± 1.04

10.9 * .38

Parathyroidectomized
+ Vitamin Do

Parathyroidectomized
+ AT-10

Notes:

100
(33-151)

1738*230

1. All animals on Calcium-free diet 10 days prior to
experimental use.
2. Dosage of drugs: 400 Mg daily. Initial dose 48 hours
prior to parathyroidectomy.
3. Urine collection periods: 4-7 hours after parathy¬
roidectomy? animals bled at end of collection
period.
4. Each value given s average of 4-7 animals with
standard error. In fee 5 cases wtee only three
animals were used, range rather than S.E. is given.
5. P-32 given 1 hour following parathyroidectomy.
Radioactivity excreted by normal animals set at
1000? experimental values adjusted to this standard.
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DISCUSSION
It appears from the data presented in this study that the action
of dihydrotachystarol in rats is restricted almost entirely to its
ability to remove calcium and phosphate from bone.

This is borne out

by the evidence that increases or decreases in the renal excretion of
both calcium and phosphate appear to follow similar increases or de¬
creases in the serum levels of these two ions and that the drug was
unable to lower serum phosphate levels even in the presence of slightly
increased renal phosphate excretion.

In addition to this, an effect,

similar to vitamin D, on intestinal absorption of calcium would appear
to be partially responsible for increased renal excretion of this ion.
Hpwever, when animals were maintained on special calcium-free diets,
an increase in renal excretion of caloium could still be demonstrated
indicating that the intestinal effect was not totally responsible. In
regard to the effects of dihydrotachysterol, other than intestinal ab¬
sorption, the action of this drug in the rat appears to be different
from the action of parathyroid hormone as suggested by recent works
from this laboratory.

This laboratory has postulated that the para¬

thyroids are able, in the rat, to control the renal thresholds for both
calcium and phosphate while simultaneously influencing the removal of
calcium and phosphate from bone.

Albright and Reifenstein believe

that dihydrotachysterol has its primary action on the renal excretion
of phosphatej causing an increase in the excretion of this ion. As a
result of this action, they state that serum phosphate levels are
lowered.

In no experiment were we able to demonstrate such an action
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of the drug*

\

This indicates, to us, that the drug's primary action

is not via the kidney but, rather, on bone. Whether the actions on
bone by dihydrotachysterol and the hormone are similar has not as yet
been determined.
Attempts are now being made to demonstrate the action’ of A.T.10 on bone.

Autoradiographs have been made using both radiocalcium

and radiophosphorous.

The results of these have been indicative but

not conclusive. Radiocalciura appears to have been removed from the
bone, but, at the present, no clear-cut evidence has been obtained up¬
on which to make decisive conclusions.

The difficulties of showing

small changes in the quantity of material present in bone are numerous;
and, at this writing, have not been overcome. Perhaps, if large amounts
of the drug were administered over an extended period of time changes
could be demonstrated.

Latta and Tristan (1950) were able to show

changes in bone induced by dihydrotachysterol using histological methods.
This may be the method of choice in dealing with the phenomenon, but
it is beyond the scope of this study.
These studies also bear out the evidence of Latta and Tristan (1950)
and McChesney (1943) that dihydrotachysterol is less effective whan in¬
jected than when administered orally.

At the dose levels used in these

experiments, no "calcemic effect" could be shown following subcutaneous
injection.

Since the above authors stats that effects are seen following

subcutaneous injections of A. T. -10, it is assumed that either the
dosage in these experiments was not high enough or not prolonged enough
for the effects to become evident.

No explanation of the differences

between oral and subcutaneous administration of the drug can be attempted
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at this time
These studies also indicate, fairly conclusively, that in the
rat the action of dihydrotachysterol and calciferol in regard to cal¬
cium and phosphate metabolism are not comparable.

This appears to be

in marked contrast to the similar effects produced by both drugs in hu¬
mans as reported by McLean (1941, 1953) and Martin and Rilliet (1953).
This could well be a speoies difference since dihydrotachysterol and
calciferol are known to act differently in the rat and chick with re¬
gards to their antirachitic effect (Correll and Wise, 1942).

Except

for the effect on intestinal absorption of calcium, which was ruled
out for the most part by maintaining the animals on calcium-free diets,
calciferol proved virtually ineffective in regard to the studied phy¬
siological functions when administered to the rats in a dose approxi¬
mating 2 mg. of crystalline calciferol per kilogram of body weight per
day.

One-half of this dose, by weight, of dihydrotachysterol was shown

to be effective, when administered orally, in raising serum calcium
levels in both normal and parathyroideetomized rats.

Since this is the

desired result in the treatment of hypoparathyroidism, it follows that,
if the rat and human are comparable in this phenomenon, dihydrotachy¬
sterol would be the drug of choice.

Note: Part of the material presented above will soon appear in Endocrinology
under the title Comparative Study of Some Effeots of Administration of
Dihydrotachysterol and Calciferol in Rats by R. V. Talmage and B, F.
Dodds.
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CONCLUSIONS
Based on the results of the above studies, the following con¬
clusions regarding dihydrotachysterol and calciferol can be reached*
1. At the dose levels used, dihydrotachysterol is effective
only if given orally.
2. While a minimum dose of 300 /ug over a three day period may
elicits a response, a dose of 200 mg per day is regarded as preferable
for the best results*
3. In normal rats dihydrotachysterol is able to raise serum cal¬
cium levels and renal calcium excretion markedly, while only minor in¬
creases in phosphate excretion can be demonstrated.
4*

When given prior to parathyroidectomy, dihydrotachysterol pre¬

vents the fall in serum calcium but does not prevent the temporary in¬
crease in renal calcium excretion which follows the loss of circulating
hormone.

Conversely, while the drug is able to prevent the fall in. renal

phosphate excretion, it is unable to prevent the rise in serum phosphate
levels which follows removal of these glands.
5. When given at the time or following parathyroidectomy, dihy¬
drotachysterol is able to raise serum calcium levels without any marked
effect on serum phosphate levels or renal excretion rates of these two
ions.
6. In the rat, equal or double amounts, by weight, of calciferol
is unable to replace dihydrotachysterol in its effects on the above men¬
tioned physiological functions.
7. Based on the results of these studies, it is concluded that
dihydrotachysterol functions in the rat by removing calcium and phosphate
from the bone.

36—

—

BIBLIOGRAPHY

1. Albright* F. 1939. Note on the Management, of Hypoparathyroidism
with Dihydrotachysterol, J. A. M. A. 112:2592.
2.
. Burnett, C. H,, Smith, P.H., and Parson, V/. 1942.
Pseudohypoparathyroidism, An Example of the "Sebright-Bantam
Syndrome." Report of Three Gases. Endrocinology. 30:922.
3.

and Refenstein, E. C. 1948. The Parathyroid
Glands and Metabolic Bona Disease. The Williams and Wilkins Go.,
Baltimore.

4. Alexander, S. B, and Tucker, H. St. G. 1949. Pseudohypopara¬
thyroidism. Report of a Case With Late Manifestations. Jour.
Clin. Endocrinol. 9*862.
5. Berk, J.E. 1939. Clinical Experience with Dihydrotachysterol
in the Management of Idiopathic Hypocalcemia. Endoctrinology*
25:984.
6. Bernstein, E. T. and Goldberger, L. A. 1946. Complete’Subsidence
of Scleroderma with Dihydrotachysterol. . J. A. M. A. 130:570.
7. Bills, G. E.
Chicago.

1939.

in The Vitamins.

8. Buchanan, G. D. 1954*

American Medical Association

Thesis. Rice Institute, Houston,Texas.

9. Clark, E. P. and Collip, J. B. 1925. A Study of the Tisdall
Method for the Determination of Blood Serum Calcium with a Sug¬
gested Modification. J, B* C. 63*461.
10. Correll, J. T. and Wise, E, C. 1942. Antirachitic Properties
of A. T. -10 for the Rat and Chicken* J, Nutrition. 23*217.
11. and
■
1943. The Comparative Toxicity of Calciferol
A. T.-10, and Cod Liver Oil Concentrate for Chicks. J. Nutrition.
26*461.
12. Franco, S, C* 1940. Parathyroid Tetany* Chronio Idiopathic
Parathyroid Insufficiency of Ten Years Duration Successfully Con¬
trolled with Dihydrotachysterol. Ann. Internal. Med. 14*529.
(Abstract of)
13. Grollman, A. 1954. The Role of the Kidney in the Parathyroid
Control of the Blood Calcium as Determined by Studies on the
Nephrectomized Dog. Endocrinology* 55*166.

14. Gunten, P. de« 1943. Is It Possible to Cure Otosolerosis
with A.T.-1Q? (Results of Path-Anatomical Experiments.)
Schweiz, med. Wochenschr. 73:77 (abstract of)
15. Harding, F* E. 1942. The Use of Dihydrotachysterol in
Parathyroprivic Tetany. Report of a Case. Jour. Lab. and
Clin, Med. 27*497.
16. Harrison, H, E. and Harrison, H.G, 1942, A Comparison of the
Physiological Effects of Dihydrotachysterol and Vitamin D in
the Rachitic and Normal Dog. American Journal Physiology.
137:171.
'
.
17. Harnapp, 0. 1935. Monatschr, f. Kinderh.
' Correll and Wise (1942).

63:262*

18. Hoff, F. 1935. Arch. f. exper. Path. u. Pharmakol.
Cited by McLean. (1941)

Cited by
177:204.

19. Kenny, A. D., Vine, B. G., and Munson, ?. L. 1954* Estimation
of Ratio of Phosphaturie and Calcium-Mobilising Activities in
Parathyroid Extracts, Fed. Proc. 13:241.
20. Latta, Jv S, and Tristan, T. A. 1950, Alterations in the Long
Bones of Young Albino Rats Induced by Dihydrotachysterol
(Hytakerol), Proc. Soc. Exp, Biol, and Med. 75:403.
21. LePage, G. A. 1949. in Umbreit, Burris, and Stauffer, ,,
Manometric Techniques and Tissue Metabolism.
22*

Lever, V/. F, and Talbott, J, H. 1941. Action of Dihydrotachysterol
in Chronic Pemphigus, Arch. Derm, and Syph, 43:341. (Abstract of)

23. MacBryde, C* M. 1938. The Treatment of Parathyroid Tetany.with
Dihydrotachysterol. J. A* M, A. 111:304.
24. McChesney, E. W, 1943a. Studies of Calcium and Phosphorous
Metabolism in the Chick, I. The Comparative Effect of Vitamins
Dgj Do, and Dihydrotachysterol Given Orally and Intramuscularly.
J, Nutrition. 26:281.
25. 1943b. Studies of Calcium and Phosphorous Metabolism in
the Chick. II. Relative Antirachitic Effectiveness of Vitmins J>2,
Do, and Dihydrotachysterol Administered Parenterally. J. Nutrition.
26:487.
26. McLean, F. C. 1941. Activated Sterols in the Treatment of Parathyroid
Insufficiency. J, A. M. A. 117*609.
1953. In Metabolic Interrelations (Transactions of the
Fifth Conference), E. C, Reifenstein, Editor. New York.

-38-

28. Margolis, H, H, and Krause, G. 1939. Postoperative Parathyroid
Tetany, Complete Control of the Manifestations by Means of
Dihydrotachysterol. Report of a Case. J. A. M, A. 112:1131.
29. ' Martin, E» and Rilliet, B. 1953. Emploi des Sterols A Action
Hypocalceraiante dans le Traitment des Tetanies Hypocalcemiquos
Chroniques. Ann#> Endocrinol. (Paris). 14:304. (abstract of)
30. ' Park, E, A.

1940.

The Therapy of Ricketts.

31. Reed, C. I,, Stuck, H, C,, and Stack, I. F,
University of Chicago Press,, Chicago.

J. A. IS. A.
1939*

115:370.

Vitamin D.

32. Richter, C. P. and Birmingham, J. F. 1941* Calcium Appetite
of Parathyroidectomized Rat3 Used to Bioassay Substances Which
Affect Blood Calcium. Endocrinology.
29:655.
33. Shohl, A. T., and Farber, S. 1941. Effect of A.T.-10
(Dihydrotachysterol) on Rickets in Rats Produced by High Calcium,
Lon Phosphorous Diets. J. Nutrition. 21:147.
34. Stewart, G. S. and Bowen, H. F, 1951. The Parathyroid Control
of Serum Calcium Independent of Renal Mediation, Endocrinology.

48:568.
35.
and
'A 1952. The Urinary Phosphorous Excretion
of Parathyroid Gland Extracts: A Hormone or an Artefact?
Endocrinologyi 51:80,
36. Talmage, R. V, and Kraints, F. W. 1954a. Immediate Changes in
Phosphate Excretion Following Parathyroidectomy in the Rat, Proc.
Soc, Exp, and Med, 85:416.
37.
and 1954b. Progressive Changes in Renal Phosphate
and Calcium Exoretion. in. Rats Following Parathyroidectomy or
Parathyroid Administration. Proc. Soc. Exp. Biol, and Med. 87:263.
38/

. ..

. and'Buchanan. G. D.

1955.

(in Preparation).

39. '
'
Frost, R, C*, and Kraintz, L. 1953. Evi¬
dence for a Dual Action in Parathyroid Extract in Maintaining Serum
Calcium and Phosphorous Levels. Endocrinology. 52:318.

39-

-

