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Tn December, 1932, we received a preliminavy impression that intva-

museular injections of saline emulsions of antevior lobes of beel” pituitary
glands gave rise to enlargement and inereased vaseularity of the parvathy-
void glands of rabbits.  As far as we could diseover at the time, no pre.

ecaused loeal abscesse

nsed.  They were pre

1. Saline emulsi
for sterilization. Twe
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vious reference had been made to such an effect of anterior lobe substances,
We. therefore, undertook more extensive experiments to colleet data on the
2ross and microseopic auatomy of the parvathyroid glands of rabbits under

treatment with various anterior lobe substances, pregnaney urine and con-
trol injections of brain tissue emulsions,

2. Acid extracti
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fent for from three t
3. Alkaline extr:
0 to 8.5, and steriliz
iy aninmlg received |
v dosages for four

PLAN OF EXPERIMENTS AND METIIODS

Rabhbits of the same age, sex and strain (blue bevern) were used in cach
of our early experiments. These factors were later varied singly; and sinee
it was found that neither sex, age nor strain had any modifying effeet
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females of mixed strains were used in later experiments.  Rabbits wers . .
4.7 Acid extractio

1raetion and used in t
or four day

segrcgzm’d as to sex in order to avoid the complicating factor of pregnaney,
Animals used in individual experiments ranged from 10 to 22 weeks of
age. They were fed on rations of oats, greens, fresh carrots and oceasional ~
additions of eow’s liver. Ne cod-liver oil was added. Normal contrg 5. Alkaline extra
formed and this mate
anr equivalent for g

animals (antreated) were healthy and survived in excellent condition in the

hygienie atmosphere of the animal farm exeept for a vare attack of dige.
The above sterile

Intramuseular injeetions were carrvied out with sterile precautions <iit weeks (at pH 7.
after preparation of the skin with aleohol. The materials listed below wera 2la.as an assay of g

rhoea in the younger members of the colony.

assaved for a qualitative effeet on the parathyroid glands.  Animals weps Progynon, Antor
kept under the conditions of the laboratory for a preliminary control peried wth Hormone were
before any injections were given. arine; prepared as for
ae to four days. Ur
niected into control ar
Animals were kill
';mid glands were re
xet in Zenker’s solut
sthods of dehydratio
<ore cut to a thicknes
thylene blue stains w

Fourteen animals received saline suspensions of fresh bovine anterige
lobes which were obtained daily from the slaughter house divectly after the
death of the cows. The pituitary glands were kept cold and the anterigs
lobes were dissected free within one to three hours. These were then groygs
in saline with mortar and pestle. Care was taken to have all the utens

sterile. 'When the material was ground to a consisteney fine enough to pas
through a large bore needle it was diluted with saline so that b ce. was qug.
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0 equivalent to the tissue obtained from half of an anterior lobe. This

then drawn into a syringe and injected into the thigh musele of the

abbits. _

Three animals received heated suspension of this material (boiling
yater for 5 to 10 minutes). Two animals received emulsions of hrain tis-
e pl‘t*})m*vd in a similar fashion. Twelve animals were kept under the
ame housing conditions, but received no injections.

The above materials were coarse and not sterile. They frequently
sansed local abscesses.  In subsequent experiments, sterile extracls were
ssed. They were preparved as follows:

1. Saline emulsion of anterior lobe was passed through a Seitz filter
; sterilization. Two animals were treated with this extract in daily dos-
re equivalent to 1.5 grams of tissue, for five days.

2. Acid extraction of anterior lobe was earried out with acetic acid

{ 4.8 t0 5.0) and six animals received daily injections of 1 gram equiva-
jent for from three to 28 days.

3. Alkaline extraction was carried out with sodium hydroxide at piI
40 to 8.5, and sterilization was obtained by passage through a Seitz filter.
six animals received the equivalent of 1 gram of tissue of this material in
daily dosages for four to six days.

4, Acid extraction was carried out following preliminary alkaline ex-
{raction and used in two animals in dosage of 1 gram equivalent of tissue,
oy four days.

5. Alkaline extraction, following preliminary acid extraction, was per-
rormed and this material was administered to one animal in dosage of 1
cram equivalent for six days.

The above stevile filtrates were kept on ice for a period of seven to

sight weeks (at pH 7.4) and used for the injeetion of four additional ani-
s, as an assay of stability under these conditions.

Progynon, Antophysin, Thyreotropie  Hormone and  Parke-Davis
jrowth Hormone were injeeted into a group of seven animals. Pregnancy
urine, prepared as for the Friedman test, was injeeted into five animals for
gne to four days. Urine of two non-pregnant individnals was similarly

eted into eontrol animals.

Animals were killed by bleeding, pithing or etherization. The para-
divpoid glands were removed immediately after death of the antnals and

d i Zenker’s solution and 10 per cent aleoholic formalin, The usual

methods of dehydration and paraffin imbedding were used and sections
were cut to a thickness of 5 to 7u. Haematoxylin-phloxin and phloxin-
methylene blue staing were employed.

RESULTS

The clinical picture of the rabbits which received active pitnitary mate-
rials was strikingly different from that of animals veceiving eontrol injec-
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tions or of the untreated animals. Figures 1A and 113 illustrate two Hiey,
mate W
fresh and heated saline emulsions of beef pituitary glands.  The loss 4

| Licl reated tivel W identical aporation as well as 1
imalg which were {reated rvespectively with identical dosaves o2 .
animass ‘ : N ) sages b animals,

Normally, the para

‘ol scular weakness and atonia, which the animal in Feupe .
weight, muscule ak ¢ H d, : al i Feur 14 wve a pink color, but .

saee.  The larger blood
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chowed, were seen in varying degrees in all animals which received iy

Gt

tions of active pituitavy extracts.

! Notes were made as to the size and gross appearance of the parathy en at post-mortem, b
roids. Microseopie deseriptions were made of cach gland seetioned hut wiy aminations of the thy

not be included in this report. They are, however, the basis for the fallgw

Microscopic Exami,

ine deseriptions. ; |
) thyroid under low mag

Anatomy of the Normal Rabbit’s Paralhyroid Gland. "The vabbit hae
L5
two main parathyroid glands.  They ave situated lateral to the intepyy

carotid artery and at varying distances from the inferiov-lateral aspect o2

mierocgraph A, which is
St 622, an untreated a

Figure 1. A—TPhotograph of rabbit No. 220 showing {ypieal prostration and o y
atony of un animal which received injections of emulsions of fresh bovine anterior pituie
slands. B-—Photograph of rabbit No. 9. an animal which received injections of heated m;
siong of bovine anterior pituitary glands. )

L

Figure 2. A-—TPhotomicrog
Sadmal (No. 622). D-—Photom
2 received B daily injections ¢

cach thyroid lobe. There is cousiderable variation in their size, but the
shape is quite constant. They are rounded at their upper poles and
uve about 1 to 2 mm. in breadth at that, their widest point. They tupes
longitudinally for about 0.5 to 0.75 em. to hecome attached to the earoti

_prominence of the intera
inet contrast to the solic
arathyroid gland of a ¢
mierograph B).

_ Examination at higl
parathyroid is not unifor
1= densely packed beneat}
alveoll are smaller than |
eils ave larger. Vaeuoliz
glands of normal animal:
#rdheim’s descriptions.
hape. They contain fro

faseia in which they ave enveloped. The main parathyroids are ocea
ally constrieted at their mid-point, giving the impression of heing hilobag
They are at times situated quite low in the carotid sheathe, elose to i ‘
mediastinal space.

Glands were not weighed in our gross study because it is our b

that sueh determinations are subject to too great an error. Differences 3

amounts of eapsule, fat, fascia, thyroid and muscle to various glands i
microscopic seetions indicated some of the sources of such error. Tt is fyz
ther our belief that these measurements ave vitiated by varying degrees
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ration as well as the inevitable ditferences in the nutritional state of
;zzlilitilg;'lv‘ the parathyroid gland is white and glistening. It may also
o I};ink u(;(ﬂm‘, but as a rule is not injected on its flat presenting sur-
: The larger blood vessels may be visible.
e sormal aceessory parathyroid g‘l»nnds are nwu.nst;mtl‘\' ;.md 1';\1'(4:\‘
. At postamorteny, hut were found quite vegularly in our miseroscopie
5;5;211:1110“3 of the thyroid glands,
Micmsuopic Faxaminalion. The appearance of a normal rabhit’s para-
roid under low magnification (x 100} is illustrated in Figure 2, Photo-
. rograph A, which is that of a seetion of the parathyroid gland of Rab-

;;3 . o . . L
i 622, an antreated animal. The striking feature of the section is the

B . wm
% .

Fignre . A-~Photomicrograph (x 100} of the pavathyrold gland of a normal untreated
sl (No. 6227, Be-Photomicrograph (x 100) of the parathyroid gland of an animal which
seoived 5 daily injections of an acid extract of bovine anterior pituitary glands {No. 699,

rominence of the interalveolar septa.  Its fenestrated structure is in dis-

tinet contrast to the solid and dense appearance of a similar section of the
parathyroid gland of a pituitary treated animal 699 (see Figure 2, Photo-
wierograph 13).

Examination at higher magnification (x 430) reveals that the normal
parathyroid is not uniform in its structurve. The peripheral zone of alveoli
is densely packed beneath the fibrous capsule of the gland. In this arca the
alveoli ave smaller than in the remainder of the gland, but the individual
cells are larger.  Vacuolization and a vare mitotie figuve, when found in the
vlands of normal animals, ave situated in this zone, the “Randpartie” of
Erdeim’s deseriptions. The centrally located alveoli vary in size and

ape. They contain from one or two to ten cells per alveolus. They are
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sentie in shape and are made of one or, at most, two ccll tayers. The
range of alveolar size under normal conditions is given 1r'1 Table 1, which
so presents measurements of cell, nuelear and vacuolar diameters in 1
e normal parvathyroid glands (Animals 622, 700 and 606). These and
411 measurements included in this report were made with graduated oey]

1eRe

ar
at oil immersion magnification (x 970).
Figure 3A is a eamera lucida drawing, illustrating a normal parathy.

roid gland as seen under oil immersion magnification (x970). 1t shows
widely separated alveoli of small, though not uniform size. The eellg are
<mall and mitoses, pyknoses and vaeuoles are absent or rave. The alveoli
are one eell deep and infolding of the epithelium is not seen.
is fairly prominent. (Compare with 3B.)

The stroma

3

Anatomy of the Parathyroid Glands of Animals Treated wilh Aetipe
Pituitary Substances. Parathyroid glands from animals treated with

vari-

TABLE 1

RANGE OF ALVEOLAR, CELL AND NUCLEAR SIZE IN THE PARATHYROID Gran
THREE NORMAL RABBITS AND IN THREE REPRESENTATIVE RABBI
WirH ACTIVE ANTERIOR PITUITARY SUBSTANCES

DS N
TS TREATED

Rabbit

Alveolar Range
Number

Cell Range
mm/100

Nuclear Range
mm/100

mm/100

NORDMALS

606 7x7 to70x77 4.2%x 5.6 to 7.0 x §.4 2.8x 2.8 to
700 7 x 28 to 50 x 70 56x7., to 5.6x9.8 1.4 x 1.4 to 4,
622 7 x 2 4.2 x 8. 5.6 x 9.8 x 4.2

8.4 x14. to 9.1 x16.8 2.8 x 5.6 to 5.6 x 5.8
5.0 x12.6 to 7. =xl14. 4.2 x 4.2 to 5,6 x 7.
7. x 7. to 5.6 xl14. 4.2 x 4.2

to 5.6 % 8.4

ous types of anterior pituitary preparations

were examined.  The detajlg
of extractions employed and of dosages used

are indieated below,
On gross examination it was found that the parathyroids of pituitary
treated animals were Jarger than those of the reference controls. This was,
however, not invariably true. More constant than the inerease in Size was
the finding of vaseular engorgement in the glands of injected animals,
For the most part, there existed considerable correlation hetween the degree
of vaseularity, size, color and the microscopic appearance of the glands.
The most significant differences between the normal and injeeted glangs
were found on mieroscopic examination. Figure 2B is a photomierograph
(x100) of the parathyroid gland of Animal 699. This animal received five
daily intramuseular injections of an acid extract of heef pituitary contaiy.
ing 1.3 grams of anterior lobe tissue per dose. A eomparison with the
normal gland at the same magnification (Figure 2A) shows the compast
arrangement of the glandular elements, the disappearance of the wide intep.

HER"

alveolar septa and the genera

pearance of

this same section ¢

higher magnification is illustr:
drawing under oil immersion (

an entirely similar drawing
oland (i.e., No. 606, a refer

§09) at oil i

Figure 3. A—Camera Iu‘cidani
ngrmalguuntreated animal (No. 62
taeida drawing of the appearance o

mmersion magnificatio
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Jar septa and the general inerease in epithelial ecllularity.  The ap-
ar §

0 . . . . . .
of this same section of parathyroid gland from Animal 699 under

lCce

magnification is illustrated in Figure 3B, which is a eamera lucida
Jo under oil immersion (x 970). It is to be compared with Figure 34,
=

11 entirely similar drawing of a normal untreated animal’s parathyroid
jand (e, No. 606, a reference control). Figure 3B shows a marked

Figure 3. A——Camera Iucida drawing of the appearance of the parathyroid gland of a
normal untreated animal (No. 622) at oil immersion magnification (x 970). B—Camera
‘E&mlfla drawing of the appearance of the parathyroid gland of a pituitary treated animal (No.
B3i) at oil immersion magnification (x 970).




306 PARATHYREOTROPIC ACTION OF PIUTUITARY

inerease in cellularity, enlarged alveoli, high cells and active growth as evi-

denced by numerous mitotie figures (3 mitoses and 2 pykuoses in a single

field). Large vacuoles in the eells indicate o probable inerease in seeretory
activity.  The blood vessels are increased in number as evidenced by the
numerous endothelial eells interspersed in the perialveolar spaces as well as

between the alveolar cells. The eell nuelei ave lighter staining and larger

than in the normal gland. Pyknoses are common. The nuelei are spaced

farther apart than in the normal parathyroid beeause of the inercased size

of the eells.

Howould require a deseription of each gland studied to give an i
pression of the intermediate stages between the normsl parathyroid his
tology and that of the hyperplastic gland illustrated in 3B, At this point,
however, we wish to call attention to the diffevence in histological changes
in glands which have been vendered hyperplastic at different rvates. Tt is
our impression that animals which were subjected to laree doses of active
material over a short period of time showed parvathyroids with marked in-
crease in number and change in arrangement of cells without mueh inercase
I size of eells. This type we have designated as ““conglomerate alveolar”
or “mulberry type’ of hyperplasia in our own diseussions. An example
of this type is given in No. 683 with measurements of the acini, cells and
vaecuoles (see Table 1),

A more ¢hronie treatment of the animal gave rise to the type of hyper-
plasia that is illustrated in Animal 699 (sce Table T and Figure 3B). This
fype s charaeterized by moderately incereased number of cells, but with
predominant enlargement and vacuolization of cells. Mitoses were seen in
both types, but more readily in this second type which we have designated
“large vacuolated cell type.”” We have seen both of these histological pic-’
tures in tumors vemoved from human eases of hyperparathyroidism at the
Massachusetts General TTospital.

Saline suspensions, acid and alkaline extracts, pregnaney urine, An-
tophysin (Winthrop Company), Progynon, Parke-Davis Alkaline Growth
Hormone, and Thyreotropic Iormone (Schering and Kahlbaum) were
found to produce varying degrees of parathyroid hyperplasia. Brain tissue

emuldsions, heated pituitary suspensions and urvine of, non-pregnant indi--
viduals had no effeet on the parathyroid histology. The control animals
which reeeived no injections showed none of the changes deseribed above.

Occasional glands in the control group showed inereased vaenolization, but
did not satisty the other eriteria for hyperplasia. Txtracts which were
assayed after a lapse of seven to cight weeks showed that the parathyreo-
tropic effect was retained to some extent at ice box temperature and pll 7.4

DISCUSSION

The extensive literature which has accumulated in recent years on the
relationships of the anterior pituitary to the other endocrine organs con-
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Lut meagre clinical and cxperimental reference to the parathyroid

‘hi}; monograpit on the pituitary body Cushing (1) ealled attention
oroup of cases showing primary hypophyseal discase with associated
?ti«’)}ls in other members of the endoerine geries.  In his more recent
e (2a, 2b), he has delineated a ¢linieal syndrome clearly enough to
. the pre(‘lieti(m of the port-mortem finding of an hypophyseal

éphili@ adenoma.

01912 Sehmorl (3) mentioned a case of typical osteitis fibrosa eystiea
1ich he found the association of a large basophilic adenoma of the
physis with diffuse adenomatous hyperplasia of the parathyroid glands.

chorl did pot suspect a velationship between the two adenomatous
wihs, but Molineus (4), in reporting the same case in greater detail,

e the suggestion of such a possilile relationship. 1le quoted Fischer’s
stion that “aeromegaly was absent in {his case because of the disease

iher glands (l.e, parathyroids).”’ The frequent association of acero-

v with eosiuophilic tumors of the pituitary was not clear at that time.

Tirdheim (5) stated that he had seen the association of osteitis fibrosa
vatica and basophilie adenoma of the pituitary in two necropsied cases.

Lloyd (6}, in 1929, reported a case from the Johms Hopkins Iospital
:)epartmenf of Pathology, which presented the post-mortem findings of
samar-like enlargements of the parathyroids and iglets of Langerhans in

aeiation with hypophyseal tumor (type not given). No clinical data

were available in that case from which to decide whether the pavathyroid or
<ot tissue had had exeessive funetional activity during life.

In Cushing’s descriptions of patients having pituitary basophilisn,
cpms such as kyphosis, lordosis, nultiple fractures, marked weakness,
olyuria, decrease in height, renal change, albuminuria and so forth ave

quently found. On the pathological side, ““bones soft enough to ent with
 kife,” osteoporosis, eompression of vertebrae and healed fractures sere
commonly encountered.  All these things are now known to be among the

3

ssie manifestations of hyperpa athyroidism.

In Case No. 9 of Cushing’s series (2a), a single parathyroid was exam-
ined and was reported as showing ‘‘an inercase of fat and conncetive tis-
we.” However, in a personally autopsied ease, Dr. Cushing veported two
pa athyroid glands as heine sligh{;l‘\' enlarged (measured 7xHx2 . and
1055x3 mm.). Tlistological examination was reported as follows: £ Hssen-
sally normal apart from the fact that two-thirds of the gland is composed
of fat”? (2b). On review of a seetion with Dr. Cushing, we were convineed
that the gland n question was truly hyperplastic and gatisfied the eriteria
of BErdheim, which were used throughout our study of animal parathyroid
glands.

Mierophotographs of a normal human parathyroid and of the gland of
Dr. Cushing’s case are presented in Figure 4 with his kind permission.
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They give additional histological evidence of a parathyreotropic effect of
the anterior pituitary.

From the experimental point of view, P. B. Smith (7) deseribed the
disabilities caused by hypophysectomy in the rat. e mentioned briefly
that the parathyroid glands, among others, underwent atrophy after hypo-
physectomy. No statement was made at that time with regard to the ques-
tion of parathyroid repair after hypophyseal replacement therapy by trans-
plantation. Schour and Van Dyke (8) described shrink age of epiphyseal
cartilages and gradual obliteration of the pulp ecavities of the incisors by
dentin, as a result of hypophysectomy in the rat (1931)

Evans, in a recent review of anterior pituitary fumm(m (9) summar-
ized the situation with regard to the parathyroid as follows: ¢ There seems
to be no question but that we have to do with a disturbance of caleium

Shrtire o, Hm!umunw raph of a normal human parathyrold gland (x 400y, 3—1'hote-
mmwmph of the parathyroid gland of Dr. Cushing's case of pituitary basophilism (x 400,

metabolism aftey hypophysectomy as reflected in the de(*reaw 1 caleium eon-
tent in the blood; (no data or reference given) w hether this is due to the
correlated  subnormality of the parathyroid glands remains to be estab-
lished.  Changes in the parathyroids as a vesult of hypophyseetomy have
not been adequately studied as vet. It is difficult to view the cossation of

growth of the skeletal system after hypophyseetomy as essentially due to
disturbance in the inorganie salt me tabolism ; it is more justifiable to refer
it to a singular failure in cartilage proliferation in the epiphyseal dises
and, of course, the dwarfism is participated in by all the o organs and ‘riSSHGS
of the body."””

Our present study indicates that in the .intact rabbit, histological evi-
dences of hyperplasia and ove ractivity of the parathyroids ean be induced
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{«* injection of emulsions or extracts of the anterior pituitary of beef.
¥
Fhether this effect of such substances is an independent one and separate

“tom the other known anterior pituitary effects or ““hormones,”” such as
rolan A1 complex, thyreotropie or the erude growth extract of Kvans,
“1l be of considerable interest. That it may be an independent effect is
Edicated by the following points in our protocols. [t was noted that
simals 710, 712, 715 and 716 had vesting ovaries, but showed definite
#arathyroid hypeeplasia.  Likewise, rabbits 265, 219, 226, 214 and 251
wowed positive parathyreotropie effects when treated with pregnancy
rite with no demonstrable coffeet in their thyroid glands  Pregnaney
arine has heen repeatedly investigated and found negative for thyreotropie
Aeet by several authors (10). 1t can be argued, thevefore, that the para-
§2}'m)tr0pi(‘ effeet is at least separate from the gonadotropic and thyreo-
?ﬁ*i"iic effects.  TIts independence from Evan’s purified growth hormone is
less ¢ arly amenable to proof sinee it is conceivable that the skeletal
growth ohtained by pituitary produets depends on the stimulation of epi-
Physeal eartilage growth and caleification, two phenomena iutimately
hound up with parathyroid activity.

To prove that the histological evidences which we have adduced in
%zvor of a parathyreotropie effeet of the anterior pituitary have funectional
significance, we are now engaged in metabolic studies of caleium, phos-
“phorus and phosphatase in dogs subjected to treatment with our pituitary
“2lraets.  An anatomical study of the strueture of the bones and epi-
physeal cartilages of animals subjeeted to pituitary extract treatment is

also under way.
SUMMARY AND CONCLUSIONS

in a series of seven cexperiments, the parathyroid glands of 48 rabbits
subjected to injections of anterior lobe extracts and of pregnaney urine,
as well as of several proprietary preparations from these sources, were
grossly and microscopically compared with those of 17 reference control
animals.  The latter received either no injeetions or were given injec-
~tions of heated pituitary tissue, normal urine, or emulsions of fresh brain
substance of cows.

It was found that those animals whieh had been treated with unhe@ited
I“’iiuiten‘y products and extraets of pregnaney urine exhibited parathy-
roids which were, as a rule, grossly larger and more vascular than those of
the control group. They showed histological changes consistent with hy-
pertrophy and hyperplasia. The eriteria for the latter were deseribed by
Erdheim for the rat and were found remarkably applicable to the rabbit.
Photomicrographs, drawings and measurcments of representative normal
and hyperplastie glands are presented to illustrate the type of changes
ncountered. .

The degree to which these changes oceurred in the individual animals
varied according to the dosage and duration of treatment.
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Control animals showed minor or no changes from normal in the gross

and mieroscopie structure of their parathyroid glands.

The authors wish to express theiv thanks to Dr. T 1L Means, Dr, ITavvey Cushing, D
trulter Albright, Do Walter Bauer and Do Tracy B Mallory for advice and help in the colt-
pletion of this study.
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