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40% in rabbits after total removal of the thyroid and both adrenal
glands.

Conclusion. White rats given large or small quantities of thal-
lium over periods up to 9 weeks in length showed no abnormality of
the estrual cycle or of the reproductive organs. The basal metabolic
rate of guinea pigs did not change during administration of small
or large doses of thallium, except for a rapid decrease shortly
preceding deatn. These findings fail to support previous claims that
thallium intoxication is characterized by alteration of endocrine
function.
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Smith and many other investigators have demonstrated that re-
moval of the pituitary gland in tadpoles and rats is followed by
atrophy of the suprarenal cortex,"® as well as atrophy of the gonads,
thyroid and parathyroid. Similar changes have been described in
the rabbit> ** and dog.”* In humans, in conditions associated with
hypofunction of the pituitary and in Simmond’s disease the adrenal
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glands are atrophic.***® The regressive changes in the suprarenal
glands of immature rats are noted as early as the 7th day, are pro-
nounced by the 15th day and reach their maximum by the 30th day,
though the cortex may continue to decrease in size after this
(Smith®).

In studies on the relation of the pituitary gland to resistance®® in
adult rats, we noted the early changes preceding this involutional
atrophy of the suprarenal cortex.

Method. The rats were adults, 3 to 4 months old, of a uniform
stock raised in our laboratory. The observations were made on 20
pituitarectomized rats that died spontaneously in the course of other
experiments within 4 to 10 days after operation. Control observa-
tions were made on 15 rats in which large fragments of anterior lobe
remained and on 20 operated controls. In a second group, 10 rats
were pituitarectomized and 2 rats were killed on the 4th, 5th, 6th,
7th, and Sth day after operation. The suprarenals were imme-
diately removed and fixed in Bouin’s fluid.

Results. From 4 to 10 days after pituitarectomy the suprarenal
gland showed striking changes. Hemorrhages appeared in the retic-
ular zone of the cortex. Marked engorgement of the capillaries was
noted and the cells showed evidence of vacuolization and cloudy
swelling. The nuclei were often vacuolated. In other instances in
which the hemorrhage was less prominent or absent the cells ap-
peared shrunken and the cytoplasm diminished in amount. In many
instances large macrophages filled with iron pigment were observed
in the interstitial tissue of reticular zone and between the cortex
and medulla. When sections were stained by the Turnbull method
a broad blue zone of iron pigment was seen in the inner layers of
the cortex. The hemorrhagic changes were observed as early as
the 3rd day and as late as the 21st day after operation but appar-
ently occur with greatest frequency about 7 to 9 days after pitui-
tarectomy. It is probable that the hemorrhagic changes in the supra-
renal cortex precede actual shrinkage and atrophy of the cells of the
cortex. The presence of cortical hemorrhages was noted in rats
that showed no evidence of infection and in which no other pro-
cedure had been done.

The daily administration subcutaneously of a crude saline emul-
sion of fresh anterior lobes of ox pituitary during a period of 2

12 Falta, W., Die Erkrankungen der Blutdriisen, Springer, Berlin, 1913.

13 Cushing, H., and Davidoff, L. M., Monograph, Rockefeller Inst., 1927, 22, 1.
14 Simmonds, M., Deutsche med. Wchnschr., 1919, 45, 487.

15 Erdheim, J., Beitrage z. path. Anat. u. z. allg. Path., 1916, 62, 302.

18 Perla, D., in press.



SUPRARENAL HEMORRHAGES IN PITUITARECTOMIZED RATS 657

weeks prior to pituitarectomy caused marked enlargement of the
suprarenal glands (as well as increasing the size of the thyroid and
gonads, and the rate of growth). After operation the hemorrhagic
changes were definitely delayed.

These observations are of significance in the interpretation of the
spontaneous involution of the suprarenal cortex which occurs during
the first month of life in human beings. The extraordinary degen-
erative changes which take place in the suprarenal cortex of infants
soon after birth were described by Thomas,” Elliott and Armour,*
Kern,” Landau,®® and in great detail by Lewis and Pappenheim-
er.” These observers noted that during the latter half of pregnancy
the suprarenal is unusually large. This enlargement is due to a hyper-
trophy of the cortex. Shortly after birth (during the second week
of extra-uterine life) according to Lewis and Pappenheimer a mas-
sive degeneration of the 2 inner layers of the cortex occurs, asso-
ciated with more or less hemorrhage and fatty change of the cells.
The degeneration is fully established by the end of the second week
and during the next 5 weeks rapid removal of the broken down cells
occurs, leaving a relatively thin glomerular layer that collapses on
the medulla. Regeneration does not occur up to the third year.

The physiological significance of this degenerative involution was
not clear. Marine, Lowe and Cipra noted that there is a rise in
heat production in infants during the second week of life and this is
associated with other signs of increased tissue activity. They be-
lieved that the rise in heat production beginning the second week of
life may be related to the normal destruction of the reticular layer
of the suprarenal cortex. With the newer knowledge of the inter-
relation of the pituitary and suprarenal glands, it would appear as
Marine™ suggests, that the suprarenal involution in infants was due
to the sudden withdrawal of the maternal source of adrenotropic
substance at birth. It is striking that the involution of the supra-
renal following pituitarectomy in adult rats is preceded by hemor-
rhagic changes within one week of operation, analogous to those
observed 8 days after birth in humans. It is obvious that the with-
drawal of the adrenotropic hormone of the pituitary is responsible
for the changes in the rat.
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Summary. Within the first 2 weeks following pituitarectomy in
adult albino rats hemorrhagic changes are observed in the cortex of
the suprarenal which precede the atrophy of the gland. The simi-
larity to the changes observed soon after birth in humans is pointed
out.

By inference this observation tends to strengthen the hypothesis
that the severe hemorrhagic involutional changes noted in early
extra-uterine life may be due to the withdrawal of the maternal
adrenotropic hormone of the anterior lobe.
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Recently we have begun a detailed investigation of enzymatic effi-
ciency of avitaminosis." Being at the same time engaged in a prob-
lem on the relationship of vitamin therapy to regression of tumors in
the albino rat, we had access to considerable numbers of tumor-
bearing animals and had available the necessary materials and equip-
ment to study the enzymatic efficiency of malignancy.

We found our Wistar stock of animals rather resistant to the
Flexner-Jobling carcinoma ; consequently, the greater portion of our
work was done on animals receiving another type of transplantable
tumor, in which we had from 60 to 85% takes, provided the tumor
used for implantation was not too necrotic. The tumor used was
furnished by Dr. Francis Carter Wood of New York City, which
was designated as Walker Carcino-Sarcoma No. 256.

The experiments were conducted in pairs, and for every animal
with an implanted tumor, a litter-mate control of the same sex was
used, which was restricted to the same plane of nutrition as the
tumor-bearing animal. The tumors were measured with a caliper
in length and width, and in some cases in depth. Forty-two groups
were studied in the case of most enzymes. The blood serum phos-
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