THE ENDOCRINE SIGNIFICANCE OF HYPOPHYSEAL TUMORS
IN MAN*
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Klaus), Betk Israel Hospital (Dr. Reiner), and Harvard Medical School
(Drs. Russfield and Reiner ), Boston, Mass.

Hypophyseal tumors of two common types have been accepted in
man: “‘acidophil adenomas” which are associated with somatic over-
growth and manifestations of endocrine hyperactivity, and “chromo-
phobe adenomas” which, although without endocrine function
themselves, may lead to “hypopituitarism,” allegedly through com-
pression atrophy of other portions of the hypophysis.! However,
patients are encountered occasionally who cannot be fitted readily into
these categories.

Twenty-seven patients with hypophyseal disease were studied in
order to determine, first, to what extent cytologic examination of the
hypophysis justifies the clinical distinction between “acidophil” and
“chromophobe” tumors, and, second, to review the anamnestic and
anatomical data with respect to other endocrine organs.

MATERIAL AND METHODS

Pathologic material available at the Massachusetts General and
Beth Israel Hospitals, Boston, Massachusetts, comprised 8 patients
with somatic overgrowth (one man and 6 women with acromegaly as
well as a non-acromegalic woman 185 cm. tall) and 19 with large
“chromophobe adenomas” (12 men and 7 women). Pertinent clinical
and anatomical data are summarized in Tables I and II.

Sections of hypophysis were stained with hematoxylin and eosin,
modified Mallory’s aniline blue, and the periodic acid-Schiff technique
with orange G counterstain. Cells were classified according to cyto-
plasmic granulation and nuclear characteristics by the method previ-
ously described.? Typical cells may be characterized as follows:

Basophils. Granules numerous and intensely Schiff positive( Fig. 1).

Acidophils. Granules numerous and Schiff negative but staining
with fuchsin or orange G (Fig. 2).

* Supported by a research grant (C-1451 C3) from the National Cancer Institute of the
National Institutes of Health, Public Health Service.
Presented, in part, at the Fifty-second Annual Meeting of the American Association
of Pathologists and Bacteriologists, Houston, Texas, April 7, 1955.
Received for publication, December 12, 1955.
+ Now at Department of Pathology, Bronx Hospital, New York, N.Y.
1 Now at Department of Obstetrics and Gynecology, Barnes Hospital, St. Louis, Mo.
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1058 RUSSFIELD, REINER, AND KLAUS

Amphophils. Granules sparse, weakly Schiff positive, and staining
variably with Mallory’s technique (Fig. 1).

Hypertrophic Amphophils. Agranular cells with giant nuclei (Fig. 1).

Chromophobes. Agranular cells with small nuclei (Figs. 1 and 2).

The material was not suitable for the determination of cellular com-
position of the hypophyses outside of the tumors. Sections of the endo-
crine glands other than the hypophysis were stained with hematoxylin

and eosin.
Hypophysis

Somatic Overgrowth (Patients 1 to 8, Table I). Seven patients
with somatic overgrowth had tumors of the hypophysis. Four tumors
were discrete and intrasellar; three were extrasellar, either compressing
or frankly invading surrounding structures. In five of these seven

tumors (cases 1, 3, 4, 7, 8), the sparsely granulated and hypertrophic
amphophils rather than the acidophils constituted the dominant cell

type (Figs. 3 to 6). It is suggested, therefore, that the amphophils
rather than the acidophils are the source of growth hormone.

In two tumors there was a different picture in that only a few
amphophils were present. Patient 5, having received thyroid medica-
tion for 3 years until death, had an extrasellar invasive tumor com-
- posed predominantly of agranular chromophobes with small nuclei.
Patient 2 had a discrete intrasellar adenoma composed largely of tiny,
well granulated acidophils with pyknotic nuclei (Figs. 7 and 8). In fact,
this last patient was the only one of the series showing the traditional
acidophilic adenoma of somatic overgrowth. However, the patient had
been on stilbestrol prior to death, a medication which resulted in a dis-
tinct suppression of growth hormone (reduction in blood phosphorus, in
growth of axillary hair, and in volume of hands and feet). We consider
it possible that the cellular composition of these two hypophyseal tumors
resulted from the hormonal medication; this is in keeping with previous
observations indicating a suppressive effect of thyroid® and stilbestrol**
upon the amphophils in non-tumorous hypophyses.

The hypophyseal tumors which had been irradiated showed cellular
atypicality and nuclear pleomorphism, but the cell types remained
identifiable and were similar to those seen in the non-irradiated tumors
(Fig. 6).

The eighth patient (case 6), a classical acromegalic, showed neither
tumor nor enlargement of the hypophysis. There was, however, a three-
fold increase of the amphophils, a two-fold increase of the basophils,
and a reduction of the acidophils to half the expected value (Figs. 1,
2,and g). In a case of Klinefelter’s syndrome that we have previously
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reported,® diffuse hyperplasia of the amphophils was observed in asso-
ciation with mild acromegaly, but the proportion of acidophils was
within normal limits. Acromegaly in patients with non-tumorous
hypophyses of normal size has been reported also by others.” All these
observations indicate that non-tumorous hyperplasia of amphophils
may be as productive of excessive growth hormone as hypophyseal
tumors.

“Chromophobe Adenomas” (Patients g to 27, Table I1). The domi-
nant cell type in most of the 19 “chromophobe adenomas” was again
the sparsely granulated amphophil (Figs. 10 and 11). In some, but
by no means all, of these patients the tumor cells were smaller and the
nuclei more uniform than those characteristically seen in acromegaly
(cf. Figs. 3, 5, and 10). Following administration of testosterone,
thyroid, ACTH, cortisone, or crude adrenal extract, the proportion of
agranular chromophobes with small pyknotic nuclei was increased
(Fig. 12).

Four of the 12 men with the clinical diagnosis of ‘“chromophobe
adenoma” had physical or radiologic evidence of mild somatic over-
growth (cases 9, 10, 15, and 16).

Adrenal Glands

Somatic Overgrowth. The adrenal glands were large, with a com-
bined weight of from 16 to 27 gm., and all showed nodular cortical
hyperplasia.®

In one woman the 17-ketosteroid excretion was elevated and became
reduced following the administration of estrogen (case 2). The excre-
tion was low in the patient who had received prolonged thyroid medi-
cation (case 5). It was within normal limits for the single male of
this series (case 1).

Hirsutism was recorded for 4 women.

“Chromophobe Adenomas.” Although patients with “chromophobe
adenomas” frequently are considered to have “panhypopituitarism,”
the adrenal glands, like the hypophyses, resembled the glands of the
acromegalic patients. Adrenal weight was increased in the majority,
ranging from 13.5 to 30 gm. Nodular cortical hyperplasia was present
in 11 patients. One woman (case 24) had a well defined cortical
adenoma, 1 cm. in diameter. There were only 3 cases in which adrenal
weight was below normal (cases 10, 12, and 27).

Three patients (cases 21, 22, and 25) had, variously, central obesity,
hypertension, diabetes mellitus, and hirsutism, i.e., elements of Cush-
ing’s syndrome. In one patient (case 21) the 17-ketosteroid excretion
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was elevated. It was normal in one (case 22) and depressed in 4
(cases 10, 12, 15, and 19).
There was decreased body hair in 6 males and one female.

Gonads

Somatic Overgrowth. The histologic features of the ovaries, known
in 5 patients, were those of stromal hyperplasia twice and atrophy
twice. The unduly tall non-acromegalic woman (case 8) had one ovary
which was multicystic. The other ovary was seemingly functional in
that it contained a degenerating corpus luteum. Menstrual irregulari-
ties were followed by amenorrhea in 3 of the 4 women who were less
than 35 years of age at the onset of their disease. The fourth, the
woman 185 cm. tall, had regular menses until the time of her death at
the age of 40. In the remaining 3 women of the series, the disease
became manifest subsequent to either a surgical or spontaneous meno-
pause.

The male acromegalic patient (case 1) complained of decreased
libido throughout his illness. At necropsy the testicular tubules were
fibrosed, containing rare pyknotic Sertoli cells and no germinal epithe-
lium. Leydig cells were absent.

Hot flashes were noted early in 2 patients (cases 2 and 6). Gonado-
tropin excretion was low in 2 patients when determined late in the
course of the disease and disappeared entirely following estrogen
therapy (cases 1 and 2).

“Chromophobe Adenomas.” The ovaries were studied in 5 women
with “chromophobe adenomas.” There was hyperplasia of the stroma
in 3 (cases 21, 22, and 24) and severe atrophy in 2 (cases 26 and 27).

Gonadal dysfunction often preceded the local manifestations of
hypophyseal enlargement. In 3 of the 7 women of this group the
menses ceased prematurely at ages 26 to 34 (cases 21, 22, and 27).
It seems unlikely that amenorrhea was due to primary hypophyseal
failure, because one of these patients (case 22) excreted normal
amounts of gonadotropin after her illness had become well established.
As in the somatic overgrowth group, symptoms of hypophyseal tumor
appeared shortly after a spontaneous menopause in one patient (case
23) and after surgical castration in another (case 235).

Six of g patients in whom the testes could be studied showed bilateral
hypospermatogenesis or aspermatogenesis (cases 9, 10, 16, 18, 19, and
20). In another man aspermatogenesis was confined to one testis and
probably was related to previous mumps orchitis (case 11). In 2
patients mature spermatozoa were found in both testes (cases 12 and
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14); Leydig cells were present in 6 men (cases 9, 11, 12, 14, 18, and
20).

Among the 12 male patients, gonadal deficiency clearly preceded
symptoms of hypophyseal neoplasia in 3 (cases 10, 16, and 19). In
one of these (case 19) bilateral testicular atrophy was caused by
mumps orchitis; in the other 2 the etiologic factors were unknown. In
5 patients (cases 9, 10, 16, 18, and 20) functional or anatomical evi-
dence of gonadal deficiency developed during the course of the illness
but exact time relationships could not be determined. In 3 patients
(cases 11, 12, and 14) normal libido was present until death. No data
were available on the testicular function of patient 13. In one patient
(case 10) hot flashes were an early symptom. Gonadotropin was ab-
sent in the urine of 2 patients, but determinations were done late in
the course of the disease (cases 10 and 19). Gonadotropin excretion
was normal in 2 men (cases 11 and 12).

Thyroid Gland

Somatic Overgrowth. At necropsy, the thyroid glands were nodular
in 3 patients (cases 1, 4, and 6), fibrosed in one (case 5), and normal
in 2 (cases 2 and 8).

Thyroid function varied widely; one patient (case 5) developed
myxedema after acromegaly had become established, and another
(case 6) developed fulminating thyrotoxicosis. Six patients appeared
to be euthyroid.

“Chromophobe Adenomas.” The thyroid glands were small or
fibrosed in 5 patients (cases 10, 12, 16, 19, and 22). In 3 they were
nodular or unusually large (cases g, 18, and 25). In the remainder
they were within normal anatomical limits.

One patient had clinical myzedema which, it is of note, preceded
the manifestations of hypophyseal neoplasia (case 12). The basal
metabolic rate was abnormally low in 3 other patients (cases 10, 16,
and 17), but was not obtained until after sellar symptoms were mani-
fest.

Pancreas

Somatic Overgrowth. The islands of Langerhans appeared histo-
logically normal in all but one patient (case 8), in whom they were
hyperplastic. Four of the 6 acromegalic patients whose island func-
tion was investigated had either manifest or occult diabetes (cases 2,
4, 5,and 6).

“Chromophobe Adenomas.” Sections of pancreas were available
from 15 patients with ‘“chromophobe adenomas.” Islands were un-
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usually large or abundant in 9 (cases 9, 10, 11, 14, 20, 24, 25, 26, and
27). Four of g patients investigated clinically had manifest diabetes
mellitus (cases 14, 16, 18, and 22). Blood sugar was normal in 5
patients (cases 10, 11, 12, 15, and 19).

Parathyroid Glands

Somatic Overgrowth. There was hyperplasia of the parathyroid
glands by the anatomical criteria of Castleman and Mallory? in 4 of 5
patients from whom they were available, although none had clinical
signs of hyperparathyroidism.

“Chromophobe Adenomas.” Parathyroid glands of 8 of 19 patients
with “chromophobe adenomas” were examined. Three cases showed
adenoma, hyperplasia, or both (cases 20, 25, and 27). One of the 3
(case 25) had clinical hyperparathyroidism of 30 years’ duration.

Endometrium

Somatic Overgrowth. The endometrium of 3 women was examined.
One had a large endometrial polyp with atrophic ovaries (case j5),
another had atrophic endometrium with hyperplastic ovaries (case 6),
and a third had normal proliferative endometrium with one normal
ovary (case 8).

“Chromophobe Adenomas.” The endometrium was studied in 2
patients with “chromophobe adenomas.” One (case 24) had endome-
trial and cervical polyps with marked stromal hyperplasia of the ova-
ries; the other (case 26), an 8o-year-old woman, had marked glandular
hyperplasia in the presence of totally atrophic ovaries.

Breast

Somatic Overgrowth. There was mammary stimulation in all of the
4 women from whom breast tissue was submitted for examination. In
patient 2, a 25-year-old nulligravida, this had progressed to active
lactation.

“Chromophobe Adenomas.” The breasts of 6 of the 7 women with
“chromophobe adenomas” showed anatomical or functional abnormal-
ities. There was secretory activity in 3 patients past 40 years (cases
22,23,and 25). Patient 21 was operated upon for mastopathia cystica,
while patients 24 and 26 had carcinomas of the breast. The breasts of
the seventh woman were not examined. Secretory activity and intra-
ductal hyperplasia characterized the single male breast studied (case
11).



SIGNIFICANCE OF HYPOPHYSEAL TUMORS 1067

Associated Extra-Endocrine Tumors

Somatic Overgrowth. Five individuals of this series had a total of
eleven extra-endocrine tumors as follows: carcinoma of the colon,
acute myelogenous leukemia, polyp of the ileum, meningioma, neuroma,
lipomas (2 patients), multiple skin fibromas, osteoma, hemangioma,
and cholangioma.

“Chromophobe Adenomas.” There were thirteen extra-endocrine
tumors in seven individuals with ‘“chromophobe adenomas,” as fol-
lows: carcinoma of the colon, carcinoma of the breast (2 patients),
carcinoma of the bladder, polyposis of the colon (2 patients), poly-
posis of the stomach, fibromas of the skin (2 patients), multiple skin
papillomas, leiomyoma of the stomach, osteoma, and cystadenoma of

the pancreas.
Discussion

For many years, the origin of most, if not all, of the tropic hormones
has been ascribed to the ‘“acidophils.” ' This hypothesis was based
on the histologic appearance of the hypophysis stained with trichrome
techniques. Ever since the introduction of the PAS technique, how-
ever, emphasis has shifted to the mucoprotein-containing “basophils”
because of the increase of Schiff-positive elements in the hypophysis
associated with increased activity.'*!®* It seems possible that both
schools actually described the same cell, which is here referred to as
an “amphophil” and which, as noted previously,® can be stained either
red or blue by trichrome methods.

The hypophyseal adenomas of both the “acidophil” and ‘“‘chomo-
phobe” varieties, as here reported, are composed predominantly of
amphophils. These cells have been implicated in the production of
tropic hormones acting upon various target organs.23%* Animal ex-
periments, as well as clinical observations in man, suggest that de-
ficiency in an endocrine target organ may cause hypophyseal
hyperplasia or neoplasia together with increased hypophyseal secre-
tion stimulating in turn the deficient target gland or, occasionally,
other endocrine organs.

Gonadal Deficiency. In some strains of mice, early gonadectomy is
followed commonly by hypophyseal hyperplasia of ‘“basophil cells re-
sembling hypertrophic amphophils.”*® In addition, the adrenal glands
and the breasts react with hyperplasia or even carcinoma. These ex-
perimental observations may parallel those of the patients of this
report whose hypophyseal tumors were associated with early gonadal
failure, adrenal hyperplasia, and mammary hyperplasia or carcinoma.
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The increased height and acromegalic features of eunuchs are old
folk observations. The concurrence of hypophyseal tumors and cas-
trate acromegaly has been documented in the Skopecs of eastern
Europe, a religious sect practicing ritual castration.’® In canine!” and
in human?® surgical castrates, hyperplasia of “large chromophobes” or
“unripe acidophils” has been reported. Judging by the illustrations,
these designations refer to cells here called “amphophils.”

Thyroid Deficiency. The association of thyroid deficiency with
hypophyseal enlargement in man'® and animals’? has been known for
a long time. By destroying thyroid glands with I'*', hypophyseal
tumors which secrete thyrotropin and, possibly, small amounts of
gonadotropin have been produced in mice.?* By the same sequence,
thyroid failure may have initiated hypophyseal neoplasia in case 12
of this report.

Adrenal Deficiency. In animals, “chromophobe’ hyperplasia can be
induced by the agency of relative adrenal insufficiency incident to pro-
longed stress.?! Enlargement of the hypophysis in association with
hyperplasia and mitotic activity of amphophils has been reported in
patients with Addison’s disease.? “Chromophobe adenomas” of micro-
scopic dimensions are exceedingly common in the hypophyses of pa-
tients dying after long illnesses,?? presumably the result of a stressing
mechanism. Although overt adrenal insufficiency was not demon-
strated in any of our patients, relative hypocorticism might have
operated in the pathogenesis of some hypophyseal tumors, particularly
in those patients in whom no other target organ deficiency was found.

Irradiation. Hypophyseal tumors stimulating the gonads, adrenal
and thyroid glands, breasts, and somatic growth have been observed
following whole body irradiation in various strains of mice.?® It is not
known whether irradiation produces this effect through non-specific
stress or through gonadal damage. Patient 23 of this report had re-
ceived a course of spray radiation for presumed Hodgkin’s disease 20
years before the onset of her hypophyseal tumor. Secretion could be
expressed from her breasts. No data are available on other target
organs.

Estrogens. The development of hypophyseal hyperplasia and tumors
by means of estrogenic stimulation constitutes a mechanism which is
not only different from the pathogenic sequence just outlined but also
one which seemingly is operative only in animals. Thus in rats?* and
mice?® prolonged estrogen treatment will result in the formation of
“chromophobe adenomas.” In striking contrast, the hypophyses of
women given estrogens for long periods tend to be smaller than nor-
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mal and the amphophil series of cells is diminished.* It is possible that
in animals, some phenomena commonly attributed to estrogen treat-
ment per se, such as adrenal hyperplasia,?® Leydig cell hyperplasia
and tumors,”” and mammary carcinomas,>?2" are in fact mediated
through the amphophils.

There was predominance of amphophils both in the patients of our
series with somatic overgrowth and in the patients with “chromophobe
adenomas.” This, together with the associated anatomical and clinical
observations, suggests that the amphophils are capable of producing
growth hormone, ACTH, gonadotropin, thyrotropin, and mammo-
tropin. However, it is not implied that these hormones are all pro-
duced either simultaneously or by all tumors. The amphophils, it
appears, have some direct or indirect relation to diabetes, to hyper-
plasia of the islands of Langerhans, and to hyperplasia of the para-
thyroid glands. The difference between the hypophyseal tumors of
acromegalic and non-acromegalic patients seems to be quantitative
rather than qualitative. It also appears that some of the symptoms of
patients with ‘“chromophobe adenomas’ are due to hypophyseal hyper-
function rather than to hypophyseal hypofunction or ‘“panhypopitui-
tarism” as usually stated.

SUMMARY

The hypophyses of 7 acromegalic patients, one non-acromegalic
woman 185 cm. tall, and 19 patients with so-called chromophobe
adenomas were studied histologically. Regardless of the presence or
absence of acromegaly, the patients who had not received previous
endocrine medication had hypophyseal tumors which were composed
of weakly Schiff-positive amphophils rather than Schiff-negative acid-
ophils or chromophobes. Administration of thyroid extract, sex hor-
mones, or adrenal steroids tended to reduce cell size, to produce
nuclear pyknosis, and to increase the proportion of acidophils and
chromophobes. One patient with classic acromegaly had a non-
tumorous hypophysis of normal size in which the proportion of am-
phophils was increased.

Review of clinical and anatomical data with respect to other endo-
crine glands suggested that gonadal or thyroid failure may have pre-
ceded the appearance of the hypophyseal tumor in some patients.
Adrenal hyperplasia often was found both with acromegaly and with
“chromophobe adenomas.” Parathyroid hyperplasia, hyperplasia of
the islands of Langerhans, evidence of mammary and endometrial
stimulation, and multiple extra-endocrine tumors frequently were
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present in both groups of patients. Many patients in both groups had
diabetes mellitus.

The hypotheses are advanced, first, that the amphophil cells may

secrete growth hormone, ACTH, thyrotropin, gonadotropin, and mam-
motropin, although not necessarily simultaneously, and, second, that
target organ deficiency may be involved in the pathogenesis of some
hypophyseal tumors in man.

We are grateful to Drs. Samuel L. Gargill and Oscar Hirsch for their permission

to use the clinical data of several of the cases here reported, and to Miss Theresa J.
Heneghan for technical assistance.
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LEGENDS FOR FIGURES

All illustrations except Figure 8 were made from sections stained by the periodic
acid-Schiff method (PAS) and counterstained with orange G.

F1c. 1. Cell types in the hypophysis of patient 6, acromegaly with no hypophyseal
tumor. Amp=sparsely granulated amphophil, HA =hypertrophic amphophil,
B =nbasophil, Chr=chromophobe. X goo.

F1c. 2. Cell types in the hypophysis of patient 6. HyB=basophil showing Crooke’s
hyaline change, Ac=acidophil, Chr=chromophobe. X goo.

F16. 3. Invasive amphophil tumor in the hypophysis of patient 3, acromegaly with
no recent hormone therapy, no irradiation. There are large, pleomorphic nuclei
and prominent nucleoli. X 450.

F16. 4. High-power view of amphophil tumor, patient 3, to show fine cytoplasmic
. granulation, nuclear detail, and large vesicular nucleolus. X g72.

Fic. 5. Extrasellar amphophil tumor in the hypophysis of patient 4, acromegaly
with no hormone therapy or irradiation. Nuclei are smaller and more uniform
than in the tumor illustrated in Figure 3. X 450.

Fic. 6. Intrasellar amphophil adenoma in the hypophysis of patient 1, acromegaly
with two courses of irradiation, no recent hormone therapy. Of note are nuclear
pleomorphism and similarity to Figure 4 in spite of x-ray therapy. X g72.
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Fic.

Fic.

Fic.

Fic.

Fic.

Fic.

7. Intrasellar acidophil adenoma in the hypophysis of patient 2, acromegaly
treated with estrogens for 6 years, no irradiation. Pyknotic nuclei are small as
compared with the tumors shown in Figures 3 and 5. X 450.

8. High-power view of acidophil adenoma, patient 2, showing distinct cell
boundaries, uniform nuclei, and over-all resemblance to mature acidophils in
Figure 2. Hematoxylin and eosin stain. X g72.

9. Hypophysis of patient 6, acromegaly without hypophyseal tumor. One
course of irradiation; no therapy for 6 years. Without a differential count, this
gland could be confused with a normal hypophysis. X 4s0.

10. Intrasellar amphophil adenoma in the hypophysis of patient 24, with a
clinical diagnosis of ‘“‘chromophobe adenoma.” No irradiation or hormone
therapy. Cells are smaller and more uniform than those of the acromegalic
patient shown in Figure 3, but larger and more variable than those of the
acromegalic patient shown in Figure 5. X 450.

11. High-power view of intrasellar amphophil adenoma of patient 11, with a
clinical diagnosis of “chromophobe adenoma.” No irradiation. Surgical speci-
men obtained before terminal hormone therapy. There is a large vesicular
nucleolus similar to that found in acromegalic patient 3, Figure 4. X g72.

12. Intrasellar chromophobe adenoma in the hypophysis of patient 23. Irradia-
tion and cortisone therapy 3 weeks before surgical removal. Extensive nuclear
pyknosis and hydropic cytoplasm may be noted. X 450.
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