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INTRODUCTION

The administration of parathyroid extract
causes well-known changes in the calcium and
phosphorus metabolisms. Albright and Ellsworth
(1) advanced the theory that the changes in the
calcium metabolism, including changes in bone,
were dependent upon preceding changes in the
phosphorus metabolism; they, furthermore, be-
lieved that the lowering of the serum phosphorus
level was the result of an increased phosphate ex-
cretion in the urine. Collip, Pugsley, Selye, and
Thomson (2), however, after a study of the long
bones of 8 nephrectomized rats that had been in-
jected with parathyroid extract, concluded that
the action of the parathyroid hormone on bone
tissue is not dependent upon a preceding phos-
phorus diuresis. Likewise, McJunkin, Tweedy,
and McNamara (3) found that the administration
of large doses of parathyroid extract to nephrec-
tomized rats produced a pronounced resorption of
bone although it did not produce a characteristic
rise in serum calcium.

In spite of these studies, there still seemed room
for doubt: Collip, et al. did not publish results
with nephrectomized controls, and the possibility
existed that nephrectomy alone, with its con-
comitant acidosis, might lead to bone resorption;
McJunkin, et al. did publish results on nephrecto-
mized controls, but their control animals were
considerably heavier and presumably older than
the experimental animals (control animals, 151
grams, as compared with experimental animals,
110 grams, average per animal).

The studies here to be reported are a repetition
and an extension of the above observations, with
certain modifications and different methods, to
determine whether the above results could pos-

1 This work was aided by a grant from the Proctor
Fund.

sibly be due to factors other than the action of the
hormone-in particular nephrectomy itself, or the
acidity of the substrate containing the hormone.
Dr. Granville A. Bennett and two of the authors
(G. D. and F. A.) carried out some preliminary
experiments on rats, which have never been pub-
lished, in which they studied histologically the
bone lesions in nephrectomized rats, half of which
had received parathyroid extract. They were un-
able to convince themselves that the bone resorp-
tion was any greater in the rats which received
parathyroid extract than in the nephrectomized
controls.

METHODSANDMATERIALS

Growing rats of 90 to 200 grams in weight, which were
bred and raised in the animal farm of the Massachusetts
General Hospital, were used in the following 3 experi-
ments. In the first 2 experiments, one tibia of each rat
was fixed in 10 per cent formalin, decalcified in dilute
nitric acid, sectioned, and stained with hematoxylin and
eosin. The other tibia was fixed in 80 per cent alcohol
and x-rayed. It was then treated with silver nitrate ac-
cording to a modification of Gomorri's method (4), de-
calcified and sectioned for histological examination. By
these latter procedures, it is possible to demonstrate in
situ, calcium deposition or withdrawal; this is impossible
to do accurately in sections decalcified by the usual tech-
nics. In the third experiment, the results were demon-
strated by x-ray alone.

Experitmtent 1

Objective: To study the effectiveness of parathyroid
extract in mobilizing calcium salts from the primary
spongiosa in the nephrectomized rat.

Procedure: Sixteen growing rats, weighing between 90
and 120 grams, were used. Half were nephrectomized
under ether anesthesia. Four nephrectomized and 4
normal animals were given 200 units (2 cc.) of para-
thyroid extract, subcutaneously, twice daily and sacrificed
by an overdose of ether, 60 hours after the start of the
experiment. The 2 other groups of normal and nephrec-
tomized animals, to which no parathyroid extract was
given, served as controls.

Observations: There was definite metaphyseal rarefac-
tion (osteitis fibrosa) at the metaphyses of the long bones
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FIG. 1. X-RAYS AND SILVERED SECTIONS OF THE TIBIAE OF ANIMALS USED IN THE FIRST
AT 60 HOURS
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(1) Normal control, (2) normal animal injected with parathyroid extract, (3) nrephrectomize(l animilal, (4) Ine-

p)hrectomized animal injected with parathyroid extract.

of animals injected with parathyroid extract, whether the
kidneys were intact or extirpated. This was demon-
strable both in the roentgenograms and silvered sections
(Figure 1). The lesion was indistinguishable in the 2
groups of animals, and was characterized by a relatively
complete resorption of the primary spongiosa, whiclh was

replaced by a fibrous, soft tissue composed of osteoblasts,
foreign body giant cells (osteoclasts), and exudate (Fig-
ure 2). One may say, therefore, that in both groups an

osteitis fibrosa resulted within 60 hours from the injec-
tion of parathyroid extract.

Metaphyseal rarefaction of a different type also oc-

curred in the nephrectomized animals which had not been
injected with parathyroid extract. This process, which
one might call "renal rickets," 2 differed from that de-
scribed above, in that decalcification occurred somewhat
more distal in the metaphysis, i.c., further from the epi-
phiseal cartilage. The calcified cartilage (zone of pro-

visional calcification) was less demineralized than was the

2 The quotations are used to differentiate the condition
described from the clinical syll(nromiie wlhiclh has this
iame.

comparable region in the injected animals (Figure 1).
There was less disorganiization of structure, far less
fibrous tissue, and practically no exudate (Figure 2).
The disturbance appeared to represent much less extensive
decalcification than occurred after the injection of para-

thyroid extract, the difference being probably qualitative
as well but possibly only quantitative.

Comiment: In the experiment described, there appeared
to be definite indications that parathyroid extract exten-
sively decalcified the metaphysis of the rapidly growing
rat tibia, even in the absence of the kidneys. However,
the results were complicated by the fact that some de-
calcification of a lesser degree occurred folloxving ne-

phrectomy alone.

Experimnte 2

Objective: To minimize the complications of renal
failure following nephrectomy, by decreasing the duration
of the experiment.

Procedurc: This experiment paralleled the first except
that all the animilals (12) were sacrificed 20 hoturs after
the start of the experimiienit.
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FIG. 2. MICROPHOTOGRAPHSOF SECTIONS OF TIBIAL METAPHYSESOF ANIMALS USED IN THE FIRST
EXPERIMENT

(1) Normal control, (2) normal animal injected with parathyroid extract, (3) nephrectomized ani-
mal, (4) nephrectomized animal injected with parathyroid extract.
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Observations: Both groups (numbering 3 each) of in-
jected animals, whether the kidneys were intact or ex-
tirpated, showed the early changes of osteitis fibrosa
cystica. There was slight but definite decalcification of
the metaphysis as revealed by x-rays and silvered sections,
an increase in fibrous tissue, and an abnormally large
number of foreign body giant cells in decalcified sections
(Figure 3). Neither of the uninjected control groups,
whether the kidneys were intact or extirpated, showed any
deviation from the normal findings (Figure 4).

Comment: Parathyroid extract was found to be effec-
tive in mobilizing calcium salts from the primary spongi-
osa of the nephrectomized rat, within 20 hours of the
start of the experiment described above. Roentgenologic
and histologic criteria of decalcification, due to the pro-
gressive acidosis known to result from nephrectomy alone,
had not developed within that period.

Experiment 3

Objective: To investigate whether the results observed
in the injected, nephrectomized animals could be due to
the acidity of the subcutaneously administered para-
thyroid extract rather than to the hormone.

Procedure: Five rats, each weighing about 180 grams,
were used in this experiment. The experiment consisted
of 2 parts.

Part A. The parathyroid extract was titrated by our

colleague, Esther Bloomberg, to determine the amount of
acid present. Each cc. was found to be equivalent to
0.052 cc. of Yzo N. HCI; furthermore, the ash of 1 cc. of
extract contained only 0.014 cc. of 0.1 N. acid. Accord-
ingly, 2 nephrectomized rats were injected with 0.2 cc.

1Ao N. HCI, twice daily for 2 days; this, of course, was
almost double the amount of acid in 2 cc. of parathyroid
extract and, what is more important, about 7 times the
amount of acid in the ash of 2 cc. of parathyroid extract.

Part B. The same question was attacked in an en-

tirely different way. The Eli Lilly Company kindly
prepared an inactivated parathyroid extract. This was

made by exposing regular parathyroid extract to the
action of a small amount of formaldehyde. The free
formaldehyde was then removed and the extract was re-

turned to its original concentration and pH. The hor-
monal activity was roughly 2 per cent of the original
extract. The toxicity on mice was reported to be LDz0
= 20.58 cc. per kgm., intravenously. Two cc. were in-
jected into each of 3 nephrectomized rats, twice daily for
2 days.

Observations: Parts A and B: The animals injected
with acid lived between 36 and 48 hours, and died at night,
presumably in acidosis. The other 3, which received the
inactivated extract, were sacrificed by an overdose of
ether at the end of 48 hours. The tibiae of all 5 rats
showed only the type of metaphyseal rarefaction ("renal
rickets") which results from nephrectomy alone, as

described in the first experiment.
Comment: It seems clear from this third experiment

that the bone changes produced in nephrectomized rats

from parathyroid extract cannot be due to the acidity of
the extract.

DISCUSSION

From Experiment 1 and Experiment 2, it is
quite clear that parathyroid extract has a decalci-
fying effect on bones, even in the absence of the
kidneys. From Experiment 3, it is quite clear
that this effect is not due to the acidity of the
extract.

From Experiment 1, however, the observation
is made that nephrectomy alone leads to bone re-
sorption, albeit not so great and qualitatively
somewhat different from that which occurs fol-
lowing administration of parathyroid extract.

The acidosis following nephrectomy is presum-
ably a steadily progressive disturbance; the chemi-
cal changes which follow the hypodermic injec-
tion of parathyroid extract are prompt in onset,
of relatively great intensity, and eventually cor-
rected. One has no way of controlling or equal-
izing these phenomena so that they can be com-
pared. It would be of interest to determine
whether the institution of sudden and marked
acidosis would result in the widespread meta-
physeal decalcification and disorganization that
follows the injection of parathyroid extract in
large doses and, per contra, whether the injection
of small amounts of parathyroid extract would
result in a picture approximating that of "renal
rickets."

Whereas the authors feel that the data in Ex-
periment 1 are sufficient to prove that parathyroid
hormone has an effect on bone in the absence of
kidneys, they would like to be able to report on
the results of the following experiment which was
started, but not carried through because of the
outbreak of war. The first part of the experiment
has been partially completed: the concomitant ad-
ministration of alkalies did not inhibit the effect
of parathyroid extract on bone. In the second
part of the experiment, it was planned to see
whether administration of alkalies would prevent
the bone changes following nephrectomy alone.
Finally, if such were the case, the third part of
the experiment would consist of seeing whether
parathyroid extract in nephrectomized rats, re-
ceiving enough alkali to prevent the bone changes
due to nephrectomy per se, would produce typical
bone lesions. If such were the case, one would
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FIG. 3. MICROPHOTOGRAPHSOF SECTIONS OF METAPHYSESOF ANIMALS USED IN SECOND
EXPERIMENT SACRIFICED AT 20 HOURS

(1) Normal control, (2) normal animal injected with parathyroid extract, (3) nephrec-
tomized animal, (4) nephrectomized animal injected with parathyroid extract.
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lhave comiipletely ruled out any possibility that the
niephrectomiiy and not the hormone was causing
the bone changes.

It will be seen that the evidence here cited sup-
ports the point of view that the paratlhyroid hor-
miione lhas a direct actionl oni bonle tissues anid is
againist the theory stronlgly held by onie of us
(F. A.). Furtlher experimienits will have to be
awaitedl b)efore it is clear jtust how far that tlheory
will lhave to b)e mlodified. It seemiis niot improbable
that the lhormiionie acts oi p)hosphate metalbolism
in somiie way whiclh nlot onily inicreases excretioln
of phosphates in the turinie, b)ut also apparently
prodtuces certaini bonie changes directly.

SUMAARY

1. Parathyroid extract prodtuced osteitis fibrosa
in rats in 60 hours; the bone lesions were the
samiie, wlhether or not the rats were first nleplhrecto-
mized.

2. Nephrectomy alonie l)roduced bonie resorp-
tion in rats in 60 hours; the bone lesions, how-
ever, were qualitatively anid qualntitatively distin-
guishable from the lesions produced by para-
tlhyroid extract.

3. The lesions produced in nephrectomized rats
by parathyroid extract were already present in 20
hours, whereas lesions produced by neplhrectomiy
lhad not yet appeared at that time.

4. Evidence is presented that the effect of para-
thyroid extract oni bone tissue in nieplhrectomized
rats is niot attributable to the acidity of the ex-
tract.

The authors wislh to tlhanik the Eli Lilly Company for
supplying the "inactivated parathyroid extract."
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