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STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE

HYPOPHYSIS AND THE ADRENAL CORTEX.

INTRODUCTION

This thesis concerns a study of the relationship of the basophil
cells of the hypophysis and the adrenal cortex as revealed by the
morbid anatomy of certain disease processes which involve those
struotures. While many methods of investigation show that the
endocrine organs are intimately related to one another and matually
interdependent far their normal activities, in terms of morbid anatomy
the closest inter-endocrine relationship which can be demonstrated is
that of the two tissues which I propose to discuss.

Grollman (1936, p.209) states that the "ablation of one endocrine
gland will usually be reflected by obviocus alterations in the structure
and functional activities of the others. The alteration in activity
of one gland will affect the general activity of many parts of the
organism end these changes in turn will be reflected in the activities
of the endocrine organs."  Anyone with even a superficial knowledge of
the contributions of the many investigators - biochemists,pharmacologists,
embryologists, anatomists, experimental pathologists - who have studied

the endocrine system will readily agree with that statement. But if all



the endocrine glands from every post-mortem exsmination, taking place
over a period of five years in a large hospital, were preserved, I doubt
if many pathologists would relish the task of attempting to demonstrate
inter-endocrine relationships from the accumulated material. Although
animal experimentation suggests a close relationship between the pituitary
gland and the islets of Langerhans in the morbid process of diabetes
mellitus (Young, 1937) this has not been substantiated by the morbid
anatomist working with human material (Joslin, 1937). Although changes
in the pituitary gland have been demonstrated in animals with experimental
conditions simulating hypothyroidism and hyperthyroidism (Severinghaus,
1938; Griesbach, 1941) no alteration in the pituitary gland has been
described in those conditions in the human subject. While the adrenal
cortex has been identified with principles having an important effect

on carbohydrate metabolism (Scowen, 1942) the morbid anatomist has no
special deécription for the adrenal glends in diabetes mellitus or in
islet-cell tumour of the pancreas.

In the case of acromegaly, Simmonds's disease and Addison's disease,
morbid anatomists have made important contributions to our knowledge of
the endocrine glands. But, if I now turn to Cushing's syndrome, the
contributions of the morbid anatomist would appear to be more in terms
of confusion than of construction, for here is a list of the lesions
which have been described in that condition :- pathological changes in
thé pituitary gland - basophil adenoma, hyperplasia of the basophil

elements, chromophobe adenomata, "tumowrs" as yet undifferentiated,
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and glands said to be normal on serial sectioning; pathological
changes, other than in the pituitary gland, described as the primary
lesion - adreno-cortical hyperplasia or new growth, carcinoma of the
thymus, A new light was thrown on the problem when, in 1939, Crooke
found a lesion common to all of those types, namely cytoplasmic
hyalinization of the basophil cells of the hypophysis. That light was
dimmed when, in 1938, Severinghaus, a distinguished American investigator,
declared that the lesion described by Crooke was associated with nuclear
breakdown and was merely a process of cell death. Hence Crooke's
contention, that cytoplasmic hyalinizaztion of the basophil cells
represented an altered physiological activity, which was the essential
basis of Cushing's syndrome, was declared to be erroneous.

The reader might rightly consider that the methods of the morbid
anatomist, especially when applied to a subject many hours dead, are
too crude to reveal many changes which are there. 1Indeed that is
partly borne out by what has been said already. The fundemental
observations made by morbid anatomists meinly concern relatively gross
tissue changes -~ witness acromegaly and Addison's disease = the great
failure lies in their inability to investigate cellular change, for in
Cushing's syndrome it will immediately appear that some important
cellular change has been missed by many, inaccurately represented by
others.,

In a review of parts of this thesis, the bulk of which is shortly

to be published, the referee of the Journal of Endocrinology states “One
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of the more profitable fields of research in morbid anatomy is the
study of histological changes in endocrine glands, but this has been
hampered by inadequate staining methods. This wark provides a
considerable advance on anything I have seen before.” It is on an
advance in technique that the main contribution of this thesis rests
and_while admitting all the difficulties caused by post-mortem change.
I hope to show that post-mortem change has no more banal effects on the
pituitary gland than on any other tissue. The new methods introduced
go far to bridging the gap between the morbid anatomist and the
cytologist. Accordingly the first part of this thesis deals with

the technique of examination of the pituitary gland and with an account
of a control series of pituitary glands taken from routine autopsy
material,

The application of these new methods has enabled me to put the
morbid process of Cushing's syndrome on a rational basis and, I hope,
to make Grollman's statement more real so far as morbid anatomy is
concerned, I should admit that some of my final conclusions are not
new but champion Cushing's own opinion (1932), despite much evidence
then to the contrary, that the syndrome which bears his name is rightly
the syndrome of the basophil adenoma, though an activity equivalent to
a basophil adenoma may be produced by other mechanisms. This was also
Sir Robert Muir's view (personal communication)., Cushing and Muir made
their stand on jJudgment born of long experience. Where in this legend
the reader considers that I have inadequate proof for my statements he

will have to recognise that, with the limitations of his present



ajuamentarium, the morbid anatomist must often rely on his own judgment,
for his practice is still far from being an exact science.

From the investigation of the morbid anatomy of certain disease
processes, in particular Addison's disease and Cushing's syndrome, which
involve espeocially the basophil cells of the hypophysis and the adrenal
cortex, it will be shown that those elements are so closely inter-related
that, at the present stage of ouwr knowledge, they may be conveniently
considered a functional complex. There is, however, evidence that they
enjoy a certain degree of autonomy. This is suggested in the condition
of adrenal virilism and the second part of the thesis deals with this
condition, including the description of a case. The third part deals
with Cushing's syndrome, including a description of three cases. The
fourth part concerns Addison's disease and some related conditions. The
subject of inter-endocrine relationships is complex and relevant diascussion

will be included in each part of the thesis,



STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE

HYPOPHYSIS AND THE ATRENAL CORTEX

P ART O N E

ON_STAINING THE BASOFHIL CELLS OF THE HUMAN HYPOPHYSIS WITH

SPECIAL REFERENCE TO THE ABNORMAL BASOFHIL CELLS OF CUSHING'S

SYNIROME.



P ART O N E

ON STAINING THE BASOPHIL CELLS OF THE HUMAN HYPOPHYSIS WITH SPECIAL

REFERENCE TO THE ABNORMAL BASOPHIL CELLS OF CUSHING'S

SYNDROME,

Pathological abnormslity in the basophil cells of the

human hypophysis in cases of Cushing's syndrome may be very complex.
A single basophil cell may show areas of normal gramularity, arcas
of refractile hyaline cytoplasm (of Crooke), normal granules
dispersed around vacuoles, conglomerations of small vacuoles outlined
by delicate refractile cytoplasmic threads, one or more nuclei pressed
out as a fine rind and scalloped by the vacuoleg, and cytoplasmic
processes extending out and embracing surrounding cells (this
thesis, part III). Though it may be that all this complexity is
easily analysed in fresh material, this is not so in material 12-30
hr. post-mortem, with which I, and most morbid anatomists, have to
deal.

.The use of the terms acidophil, for the - granules, and
basophil for the . granules, of the anterior pituitary gland
is traditional but erroneous. The _ granules will take up many
of the acid dyes strongly (Meximow and Bloom, 1939). This has led to
much confusion in the past as has been shown by Biggart (1934) in his
investigation of the effects of castration on the anterior pituitar;
gland. I have found that if a stain is specific for > (basophil)
granules then the hyaline cytoplasm of Crooke will appear unstained.

While under certein conditions many dyes (iron and chrome haemetoxylins,
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aniline blue, methyl blue, ethyl violet) will stain 35 grains specifically
(Gomori, 1939; Bailay,1939) ; Crooke & Russell, 1935) I have found

it necessary in this study to demand that the method must permit not

only of tinctorial differentiation of granules from hyaline material,

but also of differential nuclear staining. The methods desoribed here
give brilliant tinctorial distinctions between the components, nuclear,
granuler and cytoplasmic, of the abnormal basophil cells of Cushing's
syndrome. Acid fluchsin is used as the main vehicle of distinection for
these elements, even when depicting the basophil cells finally in their
traditional colouring with aniline blue. Methods have been introduced
for clarity of differentiation to eliminate, alter, or reduce the affinity
of the acidophil (x) granules for acid fuchsin.

One occasionally finds references in the literature to cells "not
definitely basophilic." It would, therefore, be of wvalue to have simple
staining techniques which are highly specific for / granules. Two of my
methods are simple, but highly specific, methods in which / granules are
the only gremular elements of the hypophysis which are stained.
Photographic records of sbnormal basophil cells have been made using

the new methods. This has never been accomplished before.



MATERTALS.

"Nuclear staining with haemalum." Overstain with haemalum (Msyer's or

Harris's), differentiate with acid alcohol. Any common haematoxylin
nuclear stain may be used, but should be differentiated as . granules
take up some nuclear stains.

"Acid fuchsin" A 2% aqueous solution of acid fuchsin containing 1y

of glacial acetic acid.

"Acid fuchsin (10% acetic)" - +the above, but with 10j% glacial acetic

acid.

"Aniline blue" A 2% agueous solution of aniline blue (soluble blue,
C.I1.706 or 707), containing 1% of glacial acetic acid.

M"Aniline Blue (10% acetic)" ~ the above, but with 10% glacial acetic acid.

"Pyrrol blue." Where this blue is mentioned after aniline blue it

refers to the use of this dye, in %% aqueous solution, as being
preferable to aniline blue. Pyrrol blue (soluble blue, C.I.710 -
Vector) overlays acid-fuchsin-stained granules at a slower rate
than aniline blue., If pyrrol blue is not obtainable, a 3% aqueous
solution of aniline blue should be used.

MAlcoholic phosphotungstic acid.” 954 ethyl alcohol, containing 2%

of phosphotungstic (or phosphomolybdic) acid. The slide should be
rinsed in 95% ethyl alcohol before use.

"Strong differentigtor." Phosphotungstic acid, 2 g.; saturated

solution of picric acid in 95% ethyl alcohol, 70 ml.; water, 30 ml.
"Weak differentiator." Phosphotungstic acid, 2 g.; saturated solution

of picric acid in 95% ethyl alcohol, 40 ml.; water, 60 ml.



"Pigro-orange." A 0.2% solution of orange G (C.I.27) in 80% ethyl
alcohol, saturated with picric acid (Lendrum & McFarlane, 1940).
"Crystal violet." A 0.5% aqueous solution of crystal violet,

"aniline o0il/xylol." Aniline oil, 1 part; pure xylol, 4 parts.

"Eosin" A 5% aqueous solution of eosin with five drops of formaldehyde

per 100 mils,

FIXATION.

The methods described work with all common Zenker and formalin
fixatives. I have usually employed, and find preferable, the following
methods.

(1) Fix the whole gland in 10% formalin or Formol-Zenker (equal parts
of 10% formalin and Zenker's solution without acetic acid) for 1 hr.

(2) Bisect in the horizontal plane, fix in Formol-Zenker for 5-6 hr.

(3) Transfer gland to saturated agueous solution of mercuric chloride
for 48-72 hr.

Dehydration is carried out in a butyl alcohol series (see Muir &
Ritchie, 1937); clearing in butyl alcohol/chloroform - chloroform series;
embedding in paraffin for 24 hr. If the gland proves to be of exceptfonal
interest, the two blocks are bisected in the vertical plane and re-embedded;
the smaller blocks are more suitable for cutting thin seotions, If 10%
formelin is used alone, fixation should be continued for 72 hr. and the
sections require mordanting in Muller's fluid (24 hr.) followed by

washing in tap water (10 min.),
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In my: experience, basophil=cell hyalinization is so conspicuous
in the hypophysis from cases of Cushing's syndrome that visual inspection
of the hyaline oytoplasm and S granules, at various stages of differentiation
in the staining methods, can be carried out with the low power of the
microscope. In the hypophyses from all other conditions even a single
hyaline basophil cell is rarely encountered. The coriterion of
differentiation is, in those cases, not that of meximal contrast between
5 granules and hyaline, but of maximum discreteness and intensity of
staining of £ gramules. Using this criterion any hyaline cell encountered
in glands from routine autopsy cases has shown good tinctorial contrast

between J granules and hyaline cytoplasm.

STAINING METHODS

METHOD IA. A specific acid-fuchsin stain for - granules,
with differentiation of hyaline cytoplasm.

Principle.

If a section is mordanted in alcoholic phosphotungstic acid and
subsequently stained with acid fuchsin, only the / granules and stroma
are stained, All other elements, including & granules and hyaline
cytoplasm, remain uncoloured. On staining with aniline blue, the
connestive tissue and hyaline cytoplasm rapidly become blue. Thus, in

the hyaline basophil cell a brillient contrast is obtained between



;3 granules (red) and hyaline (blue) material, while inspeotion of these
elenents is made easy since the cytoplasm of acidophil cells and
chromophobe cells appears practically unstained.

Technigue.

(1) Mordant section in alcoholic phosphotungstic acid for 2-5 min.

(2) Rise briefly in tap water.

(3) Stain in "acid fuchsin (10;; acetic)" inspecting at intervals.
In a short time (2-6 min.) the 3 granules and stroma become bright
red; no other elements in the anterior pituitary are stained, apuart
‘from a faint red staining of the nuclei. In hyaline basophil cells
the hyaline cytoplasu remains unstained and sppears as clear refractile
zones contrasting with the brightly stained, s granules. Stop
staining with "acid fuchsin 10% acetic" when the < granules are bright
red, but still as discrete as possible; rinse briefly in tap water.
(Overstaining can be reduced by washing in tap water.).

(4) Stain in ‘aniline blue (pyrrol blue}, inspecting at l-min
intervals. The stroma rapidly takes on blue, later (2-5 min.) the
hyaline cytoplasm becomes stained a deep blue. Stop staining when
maximum contrast is obtained between hyaline cytoplasm (blue) and. S
granules (red).

(5) Rinse in 1% aqueous acetic acid, dehydrate repidly and mount.
Result.

Basophil cells: .3 granules, bright red; hyaline cytoplasm, blue;

nuclei, faint red. Cytoplasm of the acidophil and chromophobe cells,
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very faint diffuse blue or red; acidophil-cell nuclei take on the
aniline blue if the duration of the staining is sufficient ( Fig. 1. ).
Modifications of Method 1A

Nuclear reinforcement. Sharp nuclear detail (dark brown) is obtained

by staining with haemalum, with or without blueing. The nuclear
staining is introduced before the meihod described.

Iodine. Jodine has a very powerful mordanting effect in increasing
the acid-fuchsin specificity of / granules, It is used in the above
method by mordanting the section in Gram's iodine for 2-5 mins. before
mordanting in alcoholic phosphotungstic acid. The iodine coloration
is repidly removed from the section in the latter solution. Iodine
cannot be used where deep nuclear staining is required.

Picration. The principle of “picration" is dealt with under Method II,
Staining with picro-orange (5 mins.) can be introduced in this method,
after nuclear staining, but before iodine treatment or mordanting with
alcoholic phosphotungstic acide This will impart a bright yellow
coloration to the acidophil cells, chromophobe cells and red blood
cells, and thus provide a good background for inspection of the basophil
cells, | .

Notes

If aniline blue staining is continued beyond the limits stated, the
acid-fuchsin-stained f granules are eventually overlaid with aniline
blue to become almost black; the gramules of~immature cells (feebly

stained) are overlaid before the granules of mature cells). The tinctorial
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contrast between # granules and hyaline cytoplasm in terms of blue
can be increased, and staining of other elements eliminated by

subsequent treatment with the weak differentiator.

METHOD 1B. An eosin-aniline-blue staining techmique

for the anterior pitulitary gland.

Principle.

If a section is stained with aniline blue, though the £ granules
take on the dye more intensely than other cellular elements, no specific
staining results can be obtained. After mordanting with aqueous solutions
of phosphomolybdic acid (or phosphotungstic acid), aniline blue will stain
the basophil cells exclusively, but there is no tinctorial distinction
between /4 granules and hyaline cytoplasm and the stain tends to be
diffuse., If, however, the section is mordanted with alcoholic
phosphotungstic acid end the acetic acid content of the aniline blue
solution is raised to 104 the S granules are strongly stained while
all other cellular elements, including hysline cytoplasm become
resistant to staining with aniline blue, Alcoholic phosphotungstic
acid has no effect on staining with eosin,

Technigue :
(1) Nuclear staining with haemalum.
(2) Stain in eosin, 10 min,
alone
(3) Wash in tap-water until the acidophil cells are/strongly
stained, 5 min.

(k) Mordant in alcoholic phosphotungstic acid, 2 min,



(5) Rinse briefly in tap-water and stain in "aniline blue

(10% acetic)," 5 min,

(6) Rinse in 1% aqueous acetic acid.

Dehydrate and mount.

Result :

Note :

Nuclei, brown; basophil cells: granules, deep blue;
hyaline material, almost colourless; acidophil

granules, red; chromophobe cytoplasm, grey.

Differentiation between basophil granules and hyaline
cytoplasm in terms of aniline blue is so clear cut

that with strong eosin staining, introduced before, or
after, staining with aniline blue, hyaline cytoplasm
can be stained bright red. Thus the contrast between

basophil grenules (deep blue) and hyaline cytoplasm (red)

can be obtained.
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METHOD II. Differential staining of all the elements in the

enterior pituitary with special reference to the

pituitary gland of Cushing's syndrome.

This method is desoribed because it allows depiction of the
anterior pituitary in terms of Mallory's original method. It is
essentially a modification of the Mallory technique.

Principles .

Picration. Lendrum & McFarlane (1940) have shown that the introduction
of an alcoholic solution of picric acid containing orange G would ensure
a miform yellow coloration of the red blood cells when using Mallory's
stain, no matter what fixative was used. This solution also prevents
the full staining of the acidophil cells with acid fuchsin. The degree
of staining of the acidophil cells may be controlled by adjustment of
the duration of immersion in picro-orange and acid fuchsin and of the
intermediate washing in tap water (ef. Table 1). If it is desired to

have the 4 granules stained red

TABLE 1
Staining procedure (min.) RESULTS
Washing in R.B.C. « granules /A grenules
Picro-~orange tap water. Acid fuchsin
1. 2 2 10 Yellow Red Red
2. 2 7 10 Yellow Deep orange- Red.
red.
e 2 5 10 Yellow Light orange Red
4. 10 1l 5 Yellow Yellow Red

rather than orange in subsequent stages then it is only necessary to

stain for a longer time in acid fuchsin; the picric acid is dissolved
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out of the cells into the staining solution and further acid-fuchsin
staining occurs. The practical advantages of picration are: the
yellow coloration of the red blood cells; facilitation of the control
of subsequent acid-fuchsin staining since the orange-red acidophil
cells are easily differentiated from the deep red basophil cells; the
acidophil oells can be depicted orange or orange-red when acid~fuchsin
staining is used for 5 granules.

Differentiation. 1In sections stained with acid fuchsin all elements,

including * and /5 granules, are stained and removal of the stain from
the different elements by alcoholic phosphotungstic acid is insufficiently
controllable to be of practical use. Decolorization of the stroma end
hyaline cytoplasm may be obtained by using aqueous phosphomolybdic acid
or better by using alcoholic phosphotungstic acid containing picric acid
(strong differentiator). When Formol-Zenker/corrosive sublimate -

fixed sections are stained with the standard acid fuchsin, subsequent
washing in tap water decolorizes the [ granules but not the < granules.
If acid fuchsin containing 10% of acetic acid is used the condi tions sre
reversed, the 0 granules being strongly stained and the A granules only
feebly; this may account for the action of the picro-orange described
above since the latter solution is acid. Standard acid fuchsin
containing 1% of acetic acid shows little distinotion between [ granules
and hyaline cytoplasm, whereas the solution with the higher concentration
of acetic acid only allows feeble staining of the hyaline material. This

may explain the advantgges of using acid-containing differentiators rather



i7.

than aqueous phosphomolybdic acid solution, though the alcohol content
of the weak and strong differentiators used here may be partly
responsible for the better action (cf. method I, where mordanting with
alooholic phosphotungstic acid confined the acid-fuchsin staining to
the 4 granules).

Counter staining. Two methods are available. When £/ granules are

stained with acid fuchsin and stroma and hyaline cytoplaam decolorized;
either subsequent aniline-blue staining is stopped when the stroma and
Ryaline cytoplasm are stained (method IIA), or the aniline-blue staining
is continued until the acid-fuchsin-stained /3 granules are overlaid with
blue to become almost black while the hyaline cytoplasm remains blue and
the  granules remain unaffected (method IIB)

Technique: method IIA

(1) Nuclear staining with haemalum .

(2) stain in picro-orange and wash in tap water to a degree which
will allow orange staining of the acidophil cells in stage (3).

(3) Stain in acid fuchsin until basophil cells are deep red (10 min.);
the acidophil cells will be orange-red.

(4) Differentiate with strong differentiator, inspect at frequent
intervals, and stop when the hyaline cytoplasm is decolorized - the
A gremules will still be a deep red.

(5) Rinse in tep water.

(6) Stain in aniline blue (pyrrol biue); stop staining when the
hyaline material becomes blue, but before the / granules are overlaid

with blue.
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(7) Rinse in 1% acetic acid; dehydrate rapidly and mount.
Result
Basophil cells: granules, bright red; hyaline material, bright blue;
nucleus, bromish red.
Acidophil cells: granules, orange red; nuclei, blue - some are red.
Chromophobe cells: grey.
Stroma, deep blue; red blood corpuscles, yellow ( Fig. 2. )

Technique: method IIB

The same method of staining and differentiation is carried out as
for method IIA until stage (5), except that only a very slight degree
of picration, sufficient to distinguish the acidophil cells (deep
orange-red) froms the basophil cells (deep red),is used. In the
subsequent aniline-blue staining, picric acid will dissolve out of
the acidophil cells, leaving them red. At stage (6) proceed as follows:
(6) Overstain in sniline blue (10% acetic),10-15 min.; the sniline
blue will overlay the acid-fuchsin-stained 4 granules. Stop staining
when the basophil cells are a deep blue-black. Rinse in 1% acetic acid.
(7) Differentiate in weak differentiator (5 = 15 min.); it will be
found that hyaline cytoplasm loses aniline blue much faster than the
A granules; stop differentiating when maximum contrast between hyaline
cytoplasm and 4 granules is attained. Dehydrate and mount.
Result
Basophil cells; granules, deep blue; hyealine cytoplasm, light
grey; mnuclei, brownish red.

Acidophil cells: granules, bright red; nuclei, blue - some are red.
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Chromophobe cells: very light grey.

Stroma: deep blue; red blood corpuscles, yellow ( Fig. 3. ),
Discussion

Method IIA gives similar results, in the hyaline basophil cells,
to method 1A, but the tinctorial distinctions in the former method are
not nearly so brilliant, and it requires long practice to achieve good
result, I no longer employ this method, but have described it because
it is only by going through the stage of differentiation necessary in
method ITIA that the fine distinction between 43 granules and hyaline
oytoplasm can be obtained in method IIB. I consider that a criterion
of differentiation similar to that which I have described will be
required at some stage of differentiation before any trichromic staining
method will give good differentiation of the various elements in the
sbnormal basophil cells of Cushing's syndrome. Method IIB gives the
tinctorial distinctions between granules and nuclei on which Severinghaus
bases his chromophobe / chromophil pituitary cycles (Severinghaus, 1938).
In staining normal glands, I use the following criteria of differentiation:

Stage (3), stop staining with acid fuchsin when A granules are as
deeply stained as possible without allowing acid fuchsin staining of the
red blood corpuscles.

Stage (4) differentiate for 1 min,

Stage (7), differentiate until 3 granules are as discrete as
possible.

Methods 1A and 1B are much simpler, and easier to carry out,
than Method II. In Method II considerable experience is required

to obtain the finer stages of differentiation. Method II was, however,
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the original technique from which Methods 1A and LB were elebarated.
The writer considers that Method II gives the most brilliant
tinctorial differentiation between nucleus, granules, and hyaline

cytoplasm in the basophil cells.

METHOD III, The modified Gram's stain for 8 granules of the

anterior pituitary.

Principle
If we use Gram's stain for bacteria, the basophil granules are

strongly Gram=-positive relative to all other structures in the anterior
pituitary gland.
Technigue

(1) Seotion to water

(2) sStain with crystal violet, 5 min.

(3) Mordant in 10% aqueous solution of sodium chloride, 10 min,

(4) Hordent in Gram's iodine, 10 min,

(5) Rinse in water.

(6) Blot dry.

(7) Differentiate in aniline oil/xylol, rinsing in pure xylol and
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inspecting at intervals. All the elements except the 53 granules
rapidly decolorize (1-3 min,), leaving the S granules deep blue,
almost black, as the only stained elements, The reaction is highly
specific and it may be as long as 20 min. after the other elements
are decolorized before excess crystal violet is removed sufficiently
from the 4 granules for them to appear discrete. This latter
decolorization, if too slow, should be hastened by using a greater
proportion of aniline oil in the xylol or by breathing on the slide.
Saline was introduced for Gram's stain by Kirkpatrick (see Muir &
Ritchie, 1937). It is unnecessary to use saline in the staining of
fresh glands, but I have found that its use makes the reaction more
specific in older material. In fresh material (4-6 hr, post-mortem)
differentiation can also be carried out by acetone-xylol mixtures.
The Gram reaction is so highly specific that I have never failed to
stain 4 grenules discretely in material up to 24 hr post-mortem.

In this method, hyaline cytoplasm is very rapidly decolorized
(1 min,) and stands out as granule-free refractile areas, contrasting
with the heavily stained 5 granules. As a counterstain, I usually
employ ﬁeutral red (10 min.), followed by carmalum (10 min,).
Counterstaining is introduced before the general method. With this
method hyaline cytoplasm is coloured reddish yellow, contrasting with
the red nucleus and the almost black @ granules, while all other
granular elements in the anterior pituitary are only feellly stained

with the counterstain.
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DEMONSTRATION SLIDES.

SLIDE I. Pituitary gland in Addison's disease.
NOTE the absence of areas rich in basophil cells.
Compare with slide 2 showing large (red) areas rich
in basophil cells. The stromal stain (aniline blue)
has been carried to slight excess for photographic
purposes.

METHOD IA Naked eye
SLIDES 3 to 10, from pituitary gland of case of Cushing's

syndrome (Case 3, part 1II).

Method 1A; 3 granules, red; hyaline cytoplasm, blue.
SLIDE 3. without haemalum or picro-orange.

4., with iodine and picro-orange.

very Light
5. with heavy nuclear staining. ey
Method 1B; p 2 granules, blue; hyaline cytoplasm
ed

SLIDE 6. with light differential eosin
7. with heavy eosin.

METHOD IIB; ,3 granules, deep blue; hyaline cytoplasm,
light grey; nucleus - bright red, (this
tinctorial distinction has never been
accomplished previously by any worker)

SLILE 8. Acid fuchsin has been used to excess so that there is no
distinction between acidophils and chromophobes.

Method III. ,3 granules, blue-black
hyaline, right reddish yellow or uncoloured.

SLIDE 9, with heavy counterstain.

SLIDE 10, with light counterstain.
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Comparison of the different methods.

The results obtained, using the different methods, are
shown in table 2. A set of slides is provided to illustrate

the methods(see page 23).

Relative proportion of the various cell types in

the anterior pituitary.

Rasmussen (1929, 1933) has described a method of differential
counting of the cells of the anterior pituitary gland, and has set
normel variations. Rasmussen's tables of the minimel, maximal,
median and mean percentages of the different types of cells in normal
males and females are given in table 3, . The method involves the
counting of approximately 20,000 cells in each gland and is time
consuming, By method 1A it is possible to stain the basophil cells
a bright red while all other cellular elements are stained bright yellow.
The basophil cells of the anterior pituitary gland are commonly
distributed in zones rich in those cells. Using the above method
zones rich in basophil cells are easily recognised by the naked eye;
basophil cells in areas of sparser distribution can be seen easily
with the low power of the microscope. Similar results are obtained
using the modified Gram's stain. In my control series of pituitary

glands from routine autopsies, referred to in partIII of this thesis,




25.

TABLE

III

Percentage of different cells in normal subjects (Rasmussen 1929, 1935).

llean and |Standard | Coeff'icient
Cell types Minimum | Maximun | Median | probable |deviation of
error variation.
A. 100 normal adult males.
Chromophobe 34.0 65.9 S5h.3 52.24065417.98 15
Acidophil 22.6 58.9 | 34,.8 |36.840.52|7.78 21
Basophil L.5 27.4 10.0 10.%£0.2513.71 g
B. 94 normal non-pregnant adult females,
|
Chromophobe 32.9 T4l 49.0 | 49.640.4716.79 L,
Acidophil 19.2 57.5 Lh.2 | 43.440.56(8.10 19
Basophil 3.0 15.6 6.6 7.040.20]2.94 L2
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there are glands from three normal young adult subjects killed in road
accidents, In those glands areas rich in basophil cells take up
approximately 3 tog of the total area in sections selected from
levels at 3, = and 3 of the total depth of the gland. A similar
result applies to 70 of 80 glands of the control series examined by
the same method from subjects dying from various diseases. Though
present conditions have not allowed of a lengthy comperison of this
method with Rasmussen's method the writer can Justifiably claim to be
able to recognise glands which have a proportion of basophil cells well
within normal limits and also glands which have a proportion well outside
normal limits. In this thesis observations concerning relative
proportions of basophil cells are confined to those two categories,

In those cases in which I have carried out Rasmussen counts the result

agreed with the impression obtained by inspection.

The acidophil cells.

It has not been found possible to evolve a method whereby the
acidophil granules are strongly stained while all other cellular
elements in the anterior pituitary remain unstained, or are lightly
stained in a single contrasting colour. The granules of the acidophil
cells are more closely packed than the granules of the basophil cells
and, consequently, it is more difficult to obtain discrete staining of

those elements in post-mortem material. I find that differential

staining with aqueous eosin gives best results for the acidophil
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granules and, therefore, have used method 1B for their special study.

HISTOLOGICAL FINDINGS.

Apart from the easily obtained brilliant contrast which the acid- fuchsin

stain and the modified Gram's stain make between [ granules and hyaline,

I have found these methods of value in the study of immature cells.
Anyone who studies adult human anterior pituitary glands from routine
autopsy material must be struck with the great variation of tinctorial
affinity and granular distribution in cells which are clearly neither
mature chromophil cells nor chromophobe cells., Using any modified
Mallory or eosin/methylene blue stain on post-mortem material, I have
found that the granules of many of these immature cells can be made to
take on characters of the granules of either the acidophil or basophil
line, While this is largely due to the insurmountable difficulty of
post-mortem change and, in any case, care should nafurally be taken in

making any deduction from the appearsnces, I believe that the specific
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acid-fuchsin stain for A granules and the modified Gram stain are so
highly specific that any immature cell which shows, by these methods,
some granules stained similarly to the granules of the mature basophil
cells belongs to the basophil line, In addition, the staining of the
gramiles with one dye alone obviates the complexity of having the
granules stained by a combination of dyes which, as I have already
pointed out, may obtain in modifications of the Mallory method,(METHOD IIB)
Some authors have referred to Crooke's hyaline change as a proceas
of degranulation., In addition to having the very different staining
properties from /S granules, which I have described, the hyaline
oytoplasm of Crooke is refractile, granule-free, and has a regular
mode of distribution in the cell (Crooke, 1935). The earliest lesion
appears as a minute subperipheral zone a few granules below the surface
(see this thesis partIII, Fig.ll ); thence hyaline material advances
centripetally, leaving in more advenced hyalinization two granular
areas: one off that side of the eccentric nucleus having the most
abundant cytoplasm, and another on the periphery of the cell. Ultimately,
the cell may be completely hyalinized though more commonly remnants of
the peripheral grenular rim persist. On the other hand, the term
degranulation has long been applied to a process in the basophil cells
which is present to some extent in every human hypophysis. The basophil
cells contain areas which are not entirely granule-free but have a
sparser distribution of granules than the surrounding cytoplasm., The
granules in the area lie in a ground substance which is not refractile

but has the almost imperceptible fine matt surface similar in appearance
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to the chromophobe cytoplasm in post-mortem material and which has

the indifferent staining properties of chromophobe cytoplasm as

opposed to the brilliant coloration which hyaline cytoplasm can take

on, Furthermore, these areas of degranulation have no systematic

mode of distribution in the cell like that of hyaline cytoplasm, though
they are, in my experience, found most coimonly in a Juxta-nuclear
position, which is the opposite to that of the distribution of hyaline.

It is obvious that basophil hyalinization should be clearly distinguished
from the physiological process of basophil-cell degranulation, Severinghaus
(1938) has correlated the processes of degranulation in the chromophil
cells of the normal hypophysis with nuclear changes and, on the appearances,
has based his theory of chromophil/chromophobe cycles.

Large chrouophobe cells are sometimes present in# the anterior
pPituitary which, in fresh material, can be shown to be predestined
basophil cells, These cells are large, of indefinite outline, and
send processes between surrounding cells. They have a large vesiocular
nucleus, They show no 4 granules with specific stains (methods I & III)
for 4 granules., But, in method I, on introducing aniline blue and
removing excess dye with the strong differentiator, they exhibit a
delicate spongioplasm which stains with aniline blue at a stage when
the acid-fuchsin-stained /4 granules are still unaffected by the blue
and the agidophil and chromophobe cells are decolorizeds This same
spongioplasm may be seen in cells of slightly greater maturity in which

a few granules are present which stain faintly with specific stains for
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S granules, Hence, I consider that this spongioplasm represents

a stage preceding the development of / granules in immature basophil
cellse In some cases I have recognized a process of agglutination
and shrinkage of the spongioplasm so that it stains more intensely
with aniline blue, and finally, when this process is complete, the
nucleus becomes pyknotic and the cytoplasmn has nsually numerous
perforations, Though the cytoplasm will now stain a deep blue, it
does not give any of the specific reactions of basophil granules, I
consider that this cell is the same as the 'agglutinated' basophil cell
desaribed and illustrated by Crooke & Russell (1935), which is often
prominent in the hypophysis in Addison's disease, Thus, I consider
that the 'agglutinated' basophil cell represents the end-product of a
degeneration of the primitive basophil cell. Stages in the degeneration
should not be confused with hyalinization, as the agglutinated spongio-
plasm has never the refractile waxy character of hyaline cytoplasm, is
not associated with a regular mode of distribution in a cell which has
ripe A granules, and is ultimately associated with nuclear pyknosis.

I have not had the opportunity of fixing human hypophyses earlier
than 4 hr, after death. My waterial is u:nally 8 to 30 hr. post-mortem.
It is well-known that the staining of material fixed immediately after
death may present a different problem from staining material fixed some
hours later. Some observations I have made may be of benefit to those

who wish to apply these methods to wery fresh material, The Gram's
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stain shows increasing specificity with increasing freshness, and

I consider that it should work with material fixed immediately after
death., The prevention of acid-fuchsin staining of the acidophil

cells by picration becomes more potent the fresher the material, and

it is more marked with chromate-containing fixatives than with those

that do not contain chromate. Hence, when acid-fuchsin staining of
acidophil cells is desired, as in method II, picration should be avoided
in fresh material as it may take hours to get slight acid-fuchsin staining
of acidophil cells even after short exposure to picro-orange. While

the acid-fuchsin specificity of A granules after alcoholic phosphotungstic
acid mordanting (method I) becomes more marked the fresher the material,
in some cases subsequent aniline-blue staining produces a very rapid
overlaying of the acid~-fuchsin stained S granules with blue; hence,

in making observations on hyaline cytoplasm, a very dilute aniline blue

will require to be used.

The pars intermedia and the wandering cells of the

posterior lobe of the pituitary glend.

The reader will be able to follow more easily the descriptions of
abnormal pituitary glands if he has some knowledge of the pars intermedia
and the wandering cells, They have been described in detail by Rasmussen
(1928, 1930); the writer is in agreement with his findings. The

Para intermedia is a very vearieble structure in the human hypophysis.
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In my control series of glands it varies from a minute cleft, incompletely
lined by flattened epithelial cells, to a complex mass of cysts, filled
with"colloid", completely separating the anterior and posterior lobes.
The cysts are lined by a single, occasionally double, layer of cubical
epithelial cells. The intermedia cells in general are devoid of granules,
ciliated

are not infrequently/sbebed, and stain light blue with Mallory's acid-
fuchsin - aniline blue method. The pars intermedia is, like the anterior
lobe, a derivative of Rathké's pouch. It is so varisble in structure
in mammals that the majority of writers consider it to be a purely
vestigial element.

Basophil granules may develope in the epithelium of the pars
intermedia and all transitions up to large spherical, completely
granular cells can be traced. The latter cells are indistinguishable
from the basophil cells of the anterior lobe. It is from these cells
that columns of basophil cells develop and project into the pars nervosa.
Distally the columns break up and whe cells lie free in the tissues of
the pars nervosa - the‘ wandering cells. In the normal glend the
wandering cells are very variable in distribution and number. Generally
they do not show as much variation in size, nuclear structure and degrees
of maturity as their brothers in the anterior lobe. They commonly
conform &n size to the smaller types of the anterior lobe. With all
the staining methods fo:/j? grenules described in this paper their
granules give the same coloration as the granules of the mature basophil
cells in the anterior lobe. Indeed observation of the wandering cells
is ome of the best guides in controlling the staining of the pituitary
gland,
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shows a field with magy basophil cells showing

hyalinization, excessive vacuolation and nuclear
displacenent. Bagophil cells =~ granules, red;
hyaline cytoplasm, blue; nuclei, reddish brown.
Acidophil and chromovhobe cells in light neutral =

shade.
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Rigge 2 & 3.

Shows a hyaline basoﬁhil cell; hyaline cytoplasm,
blue (pyrrol blue); A granules, red (acid fuchsin);
two acidophil cells, orange (acid Ffuchsin and picro-
orange); ‘three chroriophobe cells in neutral tints.

METHOD ITA

shows two hyaline basophil cells; /S granules, dark
blue (acid fuchsin overlaid with aniline blue); hyaline
cvtoplasm, grey (excess aniline blue removed by weak
differentiator); three acidophil cells, red (acid
fuchsin without deviation by picro-orange; two small

chromophobe cells, pale grey.
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STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE

HYPOPHYSIS AND THE ADRENAL CCRTEX.

ADRENAL, _ VIRILISM,
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PART TWO

ADRENAL VIRILISM

Introduction.

It is my purpose to describe the condition of adrenal virilism
in order that the clinical and pathological findings may be compared
with those of Cushing's syndrome, The subJect of intersexuality is
complex. In the infant and adolescent female abnormality of the
adrenal cortex is assoclated with a variety of clinical conditions.

I have not encountered cases of adrenal abnormality in this age group,
nor has extensive pathological work been carried out on the subject.
Accordingly I do not intend to discuss this group. I will confine my
observations to the condition of adrenal virilism as it occurs in the
female at,ar near, puberty, and in the young adult. The case which I
report here is unusually complex and, in the discussion, I will require
to depart from the general arguement of the thesis to discuss some

matters peculiar to the case.
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THE REPORT OF A CASE OF ADRENAL VIRILISM

WITH UNUSUAL FEATURES.

Case History.

1903¢ The patient was born in 1903, From birth until puberty the
patient appeared, behaved and was brought up as a normal female child.
There were other brothers and sisters of the family who were normal,
but cannot now be traced.
1917: At the age of 13-l years hair began to grow on the face and the
voice broke. Menstruation did not start, although it was noted that
the external genitalia hed developed normally for the age. The general
body habitus, voice and facies became so distinotly male in type by the
age of 16 years that the patient then changed her Christian name to
"John," donned male attire, left home and worked, first as a van-boy
and later as a lorry driver.
1925: At the age of 22 years the patient returned to his parents' home
suffering from neurasthenia. (The masculine pronoun will now be used
when referrgéng to the patient). The trouble appeared to have developed
after a doctor had been called in to treat the patienmt for influenza
and his true condition had become known. Later the family doctor sent
the patient tz?;estem Infirmary, Glasgow, for observation in Professor
Ralph Stockman's wards.,

The following are the notes from the ward journal, additionel to

the family doctor's letter giving the previous history and affirming



that the patient had never menstruated,

"Condition : Neurasthenia secondary to virilism. Pyorrhoea
alveolaris, The patient is 4 .t. 11 in. in height and superficiully
appears to be a man, He lies comfortably in bed so long as nis head
is supported, but whenever his head is raised from the piilow he closes
his eyes and complains of light-headedness amounting almost to iainting.
The breath is very foul, due to a general condi ion of pyorrhoea. The
distribution of hair is male, the beard being abnormally strong. The
patient shaves every second day. ‘'he cranial hair is receaing and is
of very fine t.xture. The hands an. feet are small and suggest fomi%ty.
The external genitalia are apparently of typical female form. Figure
and voice masculine; pelvis masculine; gestures and mental outlook
suggest femiﬂ::li.ty. No abnormaelity of the cardio-vascular, renal, or
nervous systems found.

5.6.25. Chloroform. Dr. Martin examined the genitalia. The clitoris
has not the normel female shape but is notched like the male penis.

The urethra is of femal. shape and position., Vagina present with
rudimentary cervix, but no definite uterus. Gland p.lpable in position
of left ovary. No signs of testes.

Complete extraction of teeth was performed at same occasion.,

The patient was discharged a few weeks later, his general condition
having improved. He left his parents' home shortly afterwards.

1935:  ‘the patient was again traced. He was working as a lorry driver

and was apparently accepted as a male without any suspicion by his



workmates.

1941: The patient returned to the family doctor for a certificate

to support his claim as a“consclentious objector." He had been
working since the outbreak of war as a shipyard labourer. oun being
interrogeted (1943) his fellow workmen and friends at his lodging gave
no indication that they even suspected his being sbnormale. If he had
any psychological upset he managed to keep it uidden. He had no

interest in the femaie sex. The certificate given to him by his

family doctor gave the additional information that the patient now

menstruated, but the date of commencement was not given.

1943: After a history of a few months' duration of lower abdominal
discomfort, ultimately with alternate diarrhoea and constipation, sudden
acute illness supervened and the patient was admitted to the western
Infirmary, Glasgow, as an "acute abdomen.™ The doctor who sent the
patient to the infirmary had noted that there was a carcinoma of the
right breast which the patient stated had been present for two years.

Laparotomy was performed a few hours after .dmission to hospitael
and pus was ev;cuated from the pelvis. A sloughing mass of tumour in
connegction with an ovarian d.rmoid cyst was found by the surgeon. The
patient died a few hours after the operation. Autopsy was performed
twelve hours later.

The only additional information obtained from the patient at
bospitel was the statement that he had menstruated all his life. This

must be taken with reserve as the patient was in extremis. There is
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post-mortem evidence that the patient d'd menstruate and it is known
that he menstruated in 1941. It must be presumed, therefore, that
the patient started to menstruate some time after 1422, when he was

examined in the Western Infirmary.

POST MORYEM EXAMINATION.

External Appearances.

Apart from the external genitalia and‘ breasts, the subject had the
facies and bodily habitus of a male of rather slender build und of small
stature (5 ft. 1 in.). There was little suboutaneous fat and the body
wnd limbs presented an athletic appearance. The hair of the head was
of fine texture. There was complete baldness of the frontal area, and
a heavy growth of coarse recently shaven hair on the shaving area of
the face; hair growth was not marked on the chest or limbs, The
abdominal and genital hair were of female digtribution, The breasts
8pp.ared as unususlly circumscribed elevated plaques about 8 cms. in
dia eter and 2, oms, thick. The nipples were promin nt and showed no

displacement. The right breast had a wniform hard consistence.
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The left breast was less hard and had the characteristic knobby

consistence 017f’ibro—oystic mastopatiny., Both breasts were very

easily removed by blunt dissection and traction. Section of the
right breast revealed a uniform dense white hard fibrous tissue;
section of the left breast showed similar appearances but with numerous
small oysts throughout. No a . 1llary glands, or other evidence of

lymphatic tumour spread fro.. the breasts, were present.

Thorax & Abdomen.

There "ere large quantities of pus in the peritoneal cavity,
especially n the pelvic region. The coils of the small intestine
were glued together by light fibrOus adhesions.

The heart, 230 gms., liver, 1000 gms., spleen 90 gms., were slightly
smaller than one would expect in a male, even allowing for the build
and stature of the subject. The kidneys weigned 120 gms. each. No
abnormality was detected in the cardiovascular, urinary, skeletal, or
alimentary systems, except for tumour invasion of the colon, which
will be referred to later. Tne lung. showe  congestion and oedema.

The thyroid (15 gms) showed natural tissue. No thymic tissue was
noted in the mediastinum,

The liver : Eight white nodules from miliary size up to 2 cms. in
diameter, having the typical appearances of secondary carcinuma, were
present in the liver.

as
The right adrenal gland (18 gus., 3 cms., x 3% cms.) wete represented
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by a body with four roughly tr-iangular surfaces. The bulk of the
specimen was taken up by a hard mass of calcareous and ossified
material replacing the medulla, The flat surfaces of the hard mass
were clothed .y a thick fibrous capsule whicn included small islets
of bright yellow adreno-cortical tissue. At the free edges the
fibrous capsule w s reflected off to form an integument for thickened
ridges of adrenal c rtex (Figs. 1&.13).

Lhe left adrenal giand (b5 gms.) presented natural appearances;

the cortical tissue wgs prominent but not definitely increased.

Para-aortic glands : In the region of the coeliac axis there was

a conglomerate mass of enlarged glands, from # to 2 cms. in diameter,
irreg lar in shape, fibrous, and containing meny chalky white calcareous
nodes,

The ovaries. Botu ovaries were represented by dermoid cysts, which
filled the pelvis, the right 11 cm. in diameter, the left 8 cms. These
consisted of cavii.ies filled with hair and inspissated sevaceous material,
with smooth thin walls., In each there was an area of thickening in the
wal. incorporating ovarian tissue. In the right dermoid tne ovarian
tissue was extensive, énd contained nu erous blood vessels, small cysts
containing clear fluld, and a large corpus luteum stretched over an
area of 3} cms, in diemeter and 3 cm. in maximum thickness. In the
left cyst the ovarian tissue was confined to an attenuated area,2 cmm.
in diameter, presenting as white ovarian stroma without other
macroscopic detail. Postero-internally the interior of the right

cyst was heaped up und irregular. trom here a large mass of pale
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tumour tissue extended backwards and inwerds to invade the wall of
the colon at the brim or the pelvis. Numerous yellow areas of
necrosis were present in the tumour mass and, near the colon, there
was slougning of large areas with loculi of pus in the tissues.
This was evidently the source of the peritonitis (Fig. 12 ).

The uterus, 5 cms. long from neck to fundus and 2} cms. in maximal
thiciness was .wall, but had a thick layer of endometrium (Fig. 8 ).
The cervix was small.

Head: The brain (1050 gms.) showed a g neral atrophy with widening

o. the the sulci and ventricles, and excess of c.rebro_pinal fluid.

No other abnormality was detected. The pineal body and the pituitary

gland were of natural size and appearance.
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HISTOLOGICAL EXAMINATION

The adrenal glands and caloified para-aortic glands.

The adrenal glands and the calcified para-aortic glands require
Joint consideration as they present associated abnormalities.

The capsules of the para-aortic glands show fibrous thickening
with lobulation by thick fibrous trabeculae. The calocified areas,
of amorphous appearsnce, are in some cases completely invested by
fibrous tissue, in others associated with uncalcified caseous material.
The whole presents a picture indistinguishable from effete tuberculosis
(Fig. 3 ). While the regressive changes are in most areas complete, a
few small cellular follicles with central caseation, indistinguishable
from tuberculous follicles, are present. Although tubercle bacilli
have not been demonstrated, it is considered that it must be taken
that all the latter appearances represent tuberculosis with almost
complete healing, The same process appears to be a reasonable
explanation for the large calcified and bony mass taking up the
right adrenal medulla, The picture i the same,except that no
cellular follicles are present and there is some imperfect bone
formation in the calcified amorphous material. There is no organoid
differentiation to indicate the existence either of a simple tumour
of bone or of degeneration in a bone-bearing teratoma. The flat

. -gland
surfaces of the bony mass in the right adrenal/are clothed by a thick



fibrous capsule which includes small pseudo-adenomatous formations

of adreno-cortical epithelium. The thickened tissue, reflected

of at the angles of the right adrenal body, presents the general

gross characters of adrenal cortex, and shows all three histological

zones in normal proportion., TFrozen sections of parts of the cortical

tissue removed before the process of decalcification show no abnormality

when examined for fat (isotropic and anisotropic). Scattered throughout

the cortical tissue there are a few collections of altered epithelium.

In some of these pseudo-adenomatous areas the cells are large and show

gross vacuolation; the nucleus being pressed to one side in signet-ring

fashion. Frozen sections show the vacuoles to contain neutral fat. 1In

others the cells are small and have a solid non=vaguolated eosinophilic

granular cytoplasm. Those areas occur in all three zones of the cortex

and produce slight alteration of the normal architectural plan (Figs.

1&2). The central mass is separated from the ridges of cortical

epithelium by condensations of connective tissue. There is no trace

of adreno-medullary tissue. The left adrenal gland shows no abnormality.
Nodules of epithelial tissue are present in the conglomerate mass of

calcified coeliac glands. They are encapsulated by fibrous bands.

The cells are arranged in columns supported by loose stroma, with

smell focal accumulations of lymphocytes in places, The epithelial

cells are polygonal and have dense eosinophil cytoplasm which, with the

oil~immersion lens, can be seen to be finely granular. The nuclei
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are central, and hyperchromatic. No mitoses are present (Figs.3 & 4 ).
This epithelium is sharply distinguished from the malignant epithelium
in the right breast and the hepatic metastases, the cells of the latter
being smaller and having vesicular oval nuclei, and scanty pale-staining
cytoplasm., The fuchsinophil granules of Vines (referred to in the
discussion) were not found in the coeliac epithelium or in the
adrenal-cortex.

Ovarien dermoids: The cyst walls consist of thin epidermis with

hair follicles and accessory skin glands. A few small islets of
cartilage are the only other elements found on extensive examination.
The mass of tumour arising in the heaped-up area in the right cyst
well and extending in a large mass into the colon is a squamous
epithelioma, It is well differentiated and shows large cell nests
with prominent keratinised centres. While the tumour is well
differentiated in mass, the basal cells are large and aberrant. The
tumour extends through the wall of the colon to the basement membrane
of the mucosa (Fig. 7 ). The infiltrated bowel musculature and the
region of the colon above show hypertrophy; a degree of chronic
obstruction apparently having been present, The ovarian tissue
incorporated in the wall of the right cyst equals a normal ovary

in amount, while that of the left is slightly less. Examples of
primordisl follicles, early follicle formation, a few small corpora
albicantes, and many small atretic follicles have all been recognised

in addition to the large macroscopic corpus luteum previously referred
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to. There is gbundant ovarian stroma (Fige 5,6 ).

Uterus: A well circumscribed intramural fibroid takes up the whole
thickness of the uterine wall at one point. The endometrium shows
normel. premenstrual secretory characters.

Mammary glands: Both breasts show dense hyaline fibrosis. The

basement membranes of many of the ducts and acini show hyaline
thickening and also peripheral whc{:led-fibrosis. In some of the
ducts and acini this obliterative process has resulted in destruction
of the epithelium, In others there is epithelial hyperplasia with
the production of intraduct and intra-acinar tumour of both solid and
cribriform type. In the right breast the intraduct tumour has broken
through with the production of universal injection of the tissue spaces
with tumour cells (Fig. 9 ), but there is only marginal infiltration
of the surrounding fatty tissue. Cystic change in ducts end acini

is conspicuous in the left breast. This is associated with many
areas of intraduct tumour, but there has been no break through with
the development of frank malignsncy (Fig. 10).

The hepatic tumour nodules show characters consistent with

metastases from the right breast. The tumour epithelium consists

of smell cells with loose scanty cytoplasm. The epithelium, associated
with moderate stroma production, shows a tendency to adenomatous
formation. The growing edge presents the characters of tumour
invasion and there is no suggestion that the masses represent

ectopic or metastatic adreno-cortical epithelium.
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The pituitary gland. Sections from all levels, 50 in all, were

examined. The gland shows a normal gross structure; the pars
intermedia is represented by a single cleft. The basophil cells
of the anterior lobe are not numerous, but are within normal limits
in size and relative proportion. The basophil cells show normal
granularity, vacuolation is inconspicuous and the hyaline lesion of
Crooke is absent. The acidophils and chromophobes present no
abnormality. The wandering cells of the posterior love show no
abnormality.

Much of the pineal gland is calcified; no abnormality is detected.

Summary of post-mortem findings.

Spare virile habitus with facial hair of male type; female
external genitalia and enlarged clitoris; manmary carcinoma with
hepatic metastases; bilateral ovarian dermoid cysts; epithelioma,
arising in right ovarian dermoid cyst, invading colon, with production
of peritonitis; ovarian tissue, including a large corpus luteum, in
wall of dermoids; right adrenal represented by ridges of thickened
cortex upon a calcified and ossified medulla; epithelial tissue
incorporated in mass of calcified coeliac glands; small uterus

with thisk endometrium.
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D I S C US S I 0O N.

The association of the developement of virilism in the female
with adreno-cortical abnormality has long been known., The subject
has been extensively studied and reviewed by Broster & Vines and
their co-workers (1938). The condition of adrenal virilism (the
adreno-genital) syndrome, developing in the female at,or near,puberty
or in the young adult, is characterised by amenorrhoea, the development
of hirsuties and a facies of male type, and a spare virile habitus,
enlargement of the clitoris, sometimes distressing psychological upset,
occasionally deepening of the voice. The uterus, ovaries, and breasts
become atrophice In older subJects, due to loss of pesticity of the
tissues with age, changes are less marked. While my subject exhibited
the classical syndrome there are also unusual features in that, though
the condition was classical from 1917 to 1925, sometime between 1925
and 1941 menstruation started and continued until death in 1943. For
this, as we shall see later, there is an explenation. What I wish to
make very clear here is that the condition of virilism, as shown in
this case, mey be maintained throughout life without eny tendency to
develop the criteria of Cushing's syndrome, e.g. obesity, hypertension,

glycosuria.
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THE ATRENAL ABNORMALITY.

Boster and Vines describe numerous cases of the condition with
adreno-cortical hyperplasia. In the present case the adreno-cortical
abnormality is of some complexity. The right adreno-cortical tissue
is certainly thickened. It is considered, however, that the
anatomical peculiarity of the specimen suggests that, in the
beginning, there was a uniform thickening of the adrenal cortex, and
that later the medulla was replaced and expanded by a morbid process
resulting in atrophy of much of the cortex and leaving only the peculiar
heaped up projections of cortical tissue. But this is not an end to
the adreno-cortical abnormality. It is considered that the epithelial
nodes embedded in the effete tuberculous mass in the coeliac region
represent ectopic adreno-cortical tissue. The arrangement of the
tissue bears a close resemblance to the malignant adenoma of ectopic
adrenal tissue described in part IIL, while the cells closely correspond
to the solid non-vacuolated cells which compose same of the pseudo-
adenomata in the right adrenal cortex. I find no evidence that it
is metastatic tumour. The ovarian tumour is an epitheliuoma; the
breast cancer has different cytological characters from the coeliac
tissues, In extensive sectioning no evidence of malignant tissue
has been found in the coeliac lymphatics. The coeliac epithelium,

well circumscribed by fibrous and calcareous tissue, has evidently
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been long resident there and shows, rather than invasive characters,
retrogression before an advancing fibrotic process.

Thus, from its character and arrangement, I consider that the
coeliac epithelium is ectopic, and not metastatic, and that it is
ectopic adreno-cortical tissue., Moreover it has been previously more
extensive, and has been reduced by a chronic tuberculous process in
neighbouring glands. The nature of the morbid process which has
occupied and expanded the right adrenal medulla is more obscure.

There is no evidence to indicate the existence of a bone-bearing
teratomatous mass. It is considered that an effete tuberculous

process is the most reasonable explanation, But this is in dispute

and, in view of the other anomalies of development present, degeneration
in some congenital malformation cannot be excluded as an explanation

for the adrenal medullary mass, Either way the general argument remains,
namely, that in the right adrenal a thickened adrenal cortex has been
reduced by the evolution of a chronic process in the medulla, and that,
in the coeliac region, ectopic adreno-cortical tissue has been reduced

by a chronic process more obviously tuberculous in origin.

Ectopic adreno-cortical tissue is not unknown in adreno-virilism.
In partllgihser;eswibed an adreno-~cortical tumour in the tale of the
pancreas associated with bilateral adreno-cortical hyperplasia and
Kolodny (1934) has also described a case of virilism with a carcinoma
of ectopic adreno-cortical tissue in the coeliac region. Some ovarian

tumours associated with virilism are regarded as tumours of ectopic
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adreno-cortical tissue (Novaek, 1941; Thomson, 1942). Glynn (1911)
quotes & number of cases of the allied condition of pseudo-

hermaphroditism with large adreno-cortical rests in the broad ligament.

The Ovarian Tissue.

It should be noted that a gynaecologist palpated a "gland“ in
the right ovarian region, when the patient was twenty-one. Presumably
this was the right ovarian dermoid cyst. At autopsy the patient
had abundant ovarian tissue in the wall of the right dermoid. It
cannot be postulated that the presence of the dermoid gysts interfered
with the hormonal function of the ovaries, and this contributed to the
development of virilism. In respect of this problem it is of some
interest to recall that virilism associated with an adreno-cortical
tumour in a castrate adult woman has been recorded. Return to normal
was obtained by removal of the tumour (Thornton, 1890; Holmes, 1925).
The dermoid cysts can only be regarded as part of a complex congenital

anomaly not specially related to the virilising process.
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THE DEVELOPMENT OF MENSTRUATION.

The development of menstruation in so complete a case of virilism
presents a problem in itself, Precise knowledge of the case history
is not as complete as one would have wished. Nevertheless, it is
clear that from puberty until the age of 22 the subject did not
menstruate and that, at the end of that period, a gynaecologist
reported that the cervix was rudimentary and that there was no
definite uterus, From the patient's statements it would appear
that menstruation had been present for many of his subsequent eighteen
years of life, This seems more plausible on consideration of the
autopsy finding,s of a small but by no means rudimentary uterus, complete
with a thick layer of secretory endometrium (and a fibroid), while there
is a large corpus luteum in the right ovary. I consider that the
establishment of menstruation, the growth of the uterus, and the
presence of a large corpus luteum in the ovary at autopsy, have been
brought about by reduction of the adrenal tissue, cortical and ectopic,
by the chronic obliterative processés referred to. The obliterative
process.is of old standing, and this is consistent with the establish~
ment of menstruation many years ago.

Though it is presumed that a reduction of the excessive adreno-
cortical tissue was sufficient to allow of the establishment of
menstruation, this did not permit of a reassertion of other feminine
characters, It is considered that this is mainly due to loss of

Plasticity of the tissues with age and indicates the hopelessness of
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surgical intervention once these abnormal conditions are long

developed.

THE TWO MALIGNANT TUMOURS.

The presence of two undoubtedly malignant tumours is rare. In
the present case there is, in a subject of 40 years, a scirrhous
carcinoma of the right breast and an epithelioma arising in the wall
of an ovariasn dermoid of otherwise simple structure. In both cases
malignancy is undoubted. The epithelioma has produced a large mass
of tumour with invasion of the colon. In the right breast there is
widespread scirrhous carcinoma associated with hepatic metastases.
At present sex hormones, especially the oestrogens, are playing a
prominent part in the production of experimental cancer in general,
and of experimental mammary cancer in particular., There can be no
doubt that the patient hed a very abnormal endocrine make-up and it
is attractive to suggest that this hormonal upset was an important

factor in the development of the two melignant growths. At the
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present time the assay of hormones in the human subject im in an
embryonic stage and there has been little correlation of the

empirical data so far obtained with physiological and pathological
phenomena. Nevertheless, the presence of two malignant tumours in

a subject with undoubted endocrine upset may at least serve as a
stimalus to the pursuit of knowledge in the field of endocrine assay
in the human subjeet with applications far beyond the study of raritiecs
such as the case described., In regard to this question many will
recall the old practice of ovariectomy in association with mameotomy

for breast cancer.
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THE NATURE OF THE ADRENO-CCRTICAL
ABNORMALITY IN ADRENO-VIRILISM.

There are now many recorded cases of adrenal virilism associated

with either adreno-cortical hyperplasia or tumour (Broster, 1938;
Glyn, 1911). 1In some cases the aetiology rests with anomalies of
development and there may be a familial incidence of the condition.
The present case is obviously such a problem from its association with
ovarian dermoids, ectopic adrenal tissue, a unilateral adreno-cortical
hyperplasia; and the declaration of signs dating from puberty. On
the other hand, progressive signs of virilism may suddenly erise in
an epparently normal female subject with a normal puberty and menstrual
history (Holmes, 1925); the condition arises apparently de novo in a
previously normal endocrine system. It is abundantly evident that the
primary endocrine sbnormelity is adreno-cortical. Thus complete return
to normal can be obtained by removal of an adreno-cortical tumour
(Holmes, 1925). Removal of the hyperplastic adrenal in unilateral
adreno-cortical hyperplasia; or of the larger in bilateral adreno-

hyperplasia
cortical/4umeur, mey result in complete return to normal (Broster, 1938),
and in both cases there is at least always some amelioration of symptoms.
Failure of complete return to normal does not deny the adrenal cortex a

primary role as, with the passing of time, some of the changes become
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irreversible as is obvious from the present case. Thus one can say
that adrenal virilism may result from some congenital anomaly
primarily affecting the adrenal cortex, or it may result from some
stimulus, unknown, acting primarily on the adrenal cortex in an
apparently normal endocrine system. That virilism may be produced

by primary endocrine asbnormality other than in the adrenal cortex

is not in dispute., A syndrome indistinguisheble from adrenal
virilism may be produced by the arrhenoblastoma group of evarian
tumours (Novak, 1941). In Cushing's syndrome, which is related

to adrenal virilism, the primary abnormality may rest in either the
adrenal cortex, the pituitary glend, or, possibly, the thymus (this
thesis, part III)., Clinical syndromes, involving abnormal sexuality,
have been described in pineal tumours (Zondek, 1935), and a tumour in
the interpeduncular space with a normal pituitary body (Le Marguand and
Russell, 1934=5). It is therefore understandable that in so complex a
system abnormality productive of virilism may arise more subtle than
present methods can demonstrate, and it is not remarkable that Broster
encountered cases of virilism in which adreno-cortical hyperplasia

was not present, and in which hemi=~adrenalectomy hed little effect.

But this im no way denies the view that, in virilism associated with
adreno-cortical hyperplasia or tumour, the primary endocrine abnormality

is adreno-cortical.
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Writers have always had difficulty in explaining that, whereas
destruction of the adrenal cortex produces Addison's disease,
hyperplasia of the adrenal cortex may produce virilism in the female,
end, though rarely, a condition of f‘eminiﬁation in the male, neither
of which are in any way the opposite of Addison's disease., The
theories of Grollman and of Broster & Vines implicating a special
tissue, or the exclusive hyperactivity of a single function,of

the adrenal cortex in virilism seek to explain this difficulty.
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Grollman's Theory.

Grollman (1936) has attempted to relate the sctivity of the adrenal
glands in virilism to the function of a special "amdrogenic;lzx:/r1 ;istinot
from the cortex proper. 1In the mouse, at certain stages, there is a
prominent zone of epithelium, the Jjuxta-medullary of X-zone, between
the medulla and cortex proper. It has different characters from the
true cortex. A somewhat similar zone is present in the adrenal gland
of the foetus. It undergoes involution soon after birth. Goormaghtigh
(1922) claims that, in the adult humen adrenal, cortical cells, which
border the medulla, resemble the cells of the androgenic zone of the
infant, and are probably a remnant of this involuted tissue. Grollman
claims that adrenal virilism is produced by a hypertrophy of, or tumour
development from.the cells of this tissue. In the present case a few
zones of altered character are present in the adrenal cortex. They
occur at all levels of the coftex, otherwise the cortex presents no
abnormality, It is considered that these zones of altered character
are more probably related to the presence of the medullary mass with
attendant alterations in vascular supply to the cortex, .rather thah
to manifestations of a special altered function, far less the implication
of a special zone of the cortex. No illustrations of the hyperplastic
adrenals of virilism have been published showing more than a thickened
oortex proper. Furthermore some virilising adrenal tumours show a
striking resemblance to true adrenal cortex (Glynn, 1911; Holmes, 1925;

Ewing, 1928). In tumour production dedifferentiation is the rule, and
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it would be a contradiction of our general knowledge to assume that

such growths arose from a tissue having diffcrent characters from the
cortex proper. On the other hand adreno-cortical tumours associated
with virilism may be so dedifferentiated as to have little or no
rescmblance to cortical epithelium (Glynn, 1911; Ewing, 1928). This
would be explained more reasonably by the principle of anaplasia of new
growth rather than the implication of a special tissue. If such growths
arose from a special Jjuxta-medullary zone one would expect them to
displace the cortex groper. No one has described an epithelial tumour of’
the adrenal glands with a rind of the cortical tissue proper stretched
over it as one finds in tumours of the adrenal medulla. In the
description of a tumour of ectopic adrenal tissue ass ciated with
bilateral adreno-cortical hyperplasia (MclLetchie & 3cott's case)
described in part III I find agazin no reason to implicate a special

Juxta~medullary zone. It is considered that present evidence does

not allow of more than the assumption that the thickened adrenal cortex

of virilism is an enlargement of the cortex proper and that virilising

adreno-cortical tumours arise from the cortex proper.
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The theory of Broster & Vines.

Broster & Vines (1938) have claimed that the essential

abnormality in adrenal virilism is the presence of fuchsinophil

granules in the adreno-cortical epithelium. They relate those
granules to a special androgenic activity of the adrenal glands
which is normally dormant in adult life, but is long persistent in
the male foetus and only transient in the female foetus. Vines used 4
a special staining technique on fresh adrenal tissue. I find that it |
is quite impossible to obtain selective differentiation with his staining !
technique and I consider that most histologists will condemn his use of |
a saturated solution of aniline blue. Other histologists have failed '
to get reliable results with Vines' method (I. Rennie, personal ,
communication; D.F, Cappell, personal communication), and it is
noteworthy that Crooke and Dible sent their adrenal glands to Vines
for an opinion (Crooke, 1935; Cohen & Dible, 1936). The difficulty

is increased when one applies the method to post-mortem tissues and,

after comparing the action of Vines' method on an adrenal gland removed
at operation, with glands from routine autopsies, I concluded that Vines's
work could only be followed up on fresh tissues, Nevertheless, in
MoLetchie & Scott's case granules as fuchsinophil as fibrin were found

in the adreno-cortical epithelium (hyperplastic and malignant) using

McFarlane's picro Mallory stain (McFarlane, 1944) {This thesis part III,case I)b
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The claim of Broster & Vines can only be adequately assessed by
the examination of fresh adrenal tissue from large numbers of normal
and gbnormel subjects; which has not been done. Variable results
have been reported in the adrenal glands of Cushing's syndrome (Crooke,
1935). Originally Broster ¢ Vines claimed that the presence of their
androgenic granules in the adult adrenal cortex was peculiar to the
pathological condition of wvirilism. Broster (1941) hasg since reported
s case of feminization in a male in which the gr:nules were claimed to
be present in the adrenal cortex, JFrom the findings in McLetchie &
Scott's case I consider it possible that in the adreno-cortical
epithelium (hyperplastic and tumour) of adrenal virilism and pituitary
basophilism certain granules, norinally present in cortical epithelium,
may be prominent. I do not consider that they indicate the activity of
a function normally dormant. It is unfortunate that Vines bases his
side of the work to some extent on the times of differentiation of
adrenal cortex and the basophil cells of the pituitary gland of the
foetus, As we shall see later it is most unlikely that the foetal
pituitary possesses £ granules. I will designate the granules in
McLetchie & Scott's case "Vines' granules" with the above reservations.
In my general argument later I will take the view that the adreno -

cortical hyperplasia of virilism is & simple hyperfunction.
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The pituitary gland in

Adrenal Virilism. *

In a case of adrenal virilism, unassociated with any additional
clinical manifestations which might suggest the development of
Cushing's syndrome, Crooke (1935) found no pituitary abnormality.
| Whereas in all cases of Cushing's syndrome he found a conspicuous
degree of cytoplasmic hyalinization of the basophil cells. Crooke
oonsidered that this was the fundamental distinction between the two
conditions, 1In the present case no pituitary abnormality was found.
It does not, however, carry full weight in favour of Crooke's view,
since the excessive adrenal tissue had been destroyed. This would
conceivably result in a reversal of any secondary pituitary change
attributable to the adrenal lesion. Anderson, Hain, and Patterson(1943).
confirm Crooke's view in a single case of virilism associated with an
adreno-cortical tumour, and Crooke's contention has never been denied
by eny worker. The relationship of adrenal virilism to pituitary
basophilism will be fully discussed after the enquiry into the morbid
basis of the latter condition in the next part of this thesie.

In the argument related to case I, part III, it will be shown that
basophil-cell changes in the pituitary gland may be associated, in the
beginning, with a clinical condition of virilism, but obesity soon
sul;erVenes (Hare's and Lescher's ca-ez), w3l = fUll Cushing's syndrome
is manifest ultimately, though, if the subject dies at an early stage

there may be no more than amenorrhoea and hypertrichosis (case I, part III).
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On general grounds it is considered that in the presé'nt case the
maintenance of a spare virile habitus for so long a period is

tantamount to there never having been demonstrable pituitary

gbnormality.



SUMMARY.

A case of virilism is described. The condition developed at
puberty in an apparently normal female child. While male character-
istics develoved to a striking degree, the patient menstruated in the
latter part of her life. Death occurred at the age of 4O years from
peritonitis. At autopsy the following abnormalities were found :-

(1) The right adrenal cortex was thickened and there was ectopic
adreno-cortical tissue in the region of the coeliac axis; both tissues
had been reduced by a chronic obliterative process. These were
considered to be the essential ebnormalities determining the condition
of virilism, gnd their reduction the factor which allowed the development
of menstruation, and explained the finding of a large corpus luteum in
the right ovary, and a thick endometrium at autopsy despite the striking
male facies and habitus. (2) Mammary carcinoma with hepatic metastases;
bilateral ovarian dermoid cysts; epithelioma arising in the wall of the
right dermoid and infiltrating the colon with production of peritonitis
The problem of the inter-relationship of all of these abnormalities is
discussed. Attention is drawn to other conditions which may give rise
to masculinization in the female. Theories as to the nature of the

adreno-cortical abnormelity in adrenal virilism are discussed.
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P AR T II.

Figs. 1 & 2.

Fig. 1. Section of part of right adrenal showing thickened
ridge of adrenal cortex and the calcified and ossified
medulla,

X. 2, H. and E.

Fig. 2. Area of cortex of right adrenal,

Note the disturbance
in architecture.

x-m. H. arldEo .
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P A R T II.

Pig. 3. Para-aortic gland showing node of calcified effete
tuberculosis on left and foci of epithelial tissue

(derk messes) circumscribed by fibrous capsules

(white rings).

X5 H. & E.

Fig. 4. Area from a derk circumscribed node of fig. 3 showing
ectopic adreno-cortical epithelium in loose columns

and in whorl encircling lymphocytes.

X150 H, & E.




cB!



73.

P ART II

Pig. 5. Tangential cut of large corpus luteum in wall of
R. ovarian dermoid. Note the well developed

layer of lutein cells and central clot.

Xec.5 H, & E.

Fig. 6. Part of large corpus luteum of R. ovarian dermoid

Xo]-o H‘ & EO




%&%.Y = R J



75.

P AR T iI.

Fig. 7. Epithelioma invading muscular coat of

colon,

X. 150. H.& Eo

Fig. 8. T.V. Section of uterus. = Note the thick
endometrium., Part of the fibroid can be

seen on extreme right.

X4 ’ H.& E.
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P AR T 11,

Fig, 9. Right breast showing malignant infiltration of dense

fibrous stroma and duct epithelial hyperplasia.

X.15 ’ Ho & Ec

Pigs. 10 and 11, Left breast showing dense stroma and

epithelial hyperplasia in cystic ducts.

X.15 and X.40 He & E.
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STUDIES ON THE RELATIONSHIP OF THE BASOPHIL CELLS OF THE

HYPOPHYSIS AND THE ADRENAL CORTEX.

P ART T HREE

THE PITUITARY BASOPHILISM SYNDROME

OF HARVEY CUSHING.,
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PART THREE
THE PITUITARY BASOPHILISM SYNIROME
OF HARVEY CUSHING.

INTRODUGCTI 0N

Since Cushing described the syndrome of pituitary basophilism
(Cushing's syndrome) many cases of the condition have been published.
The syndrome is characterized by an obesity sparing the limbs, by
marked hypertension, glycosuria and hyperglycaemia, osteoporosis,
characteristic cutaneous strise, polycythaemia, amenorrhoea and
hypertrichosis in the female, impobence in the male, asthenia and
diminished resistance to infection (Cohen & Dible, 1936). Pathological
findings in the condition have been very varied in cases which have been
clinically indistinguishable (see Crooke's (1935) series.) By 1936
the following abnormalities had been described: basophil adenoma and
basophilia (relative increase of pituitary basophil cells); adreno-
cortical hyperplasia, adenoma, carcinoma; and thymic carcinoma associated
with adreno-cortical hyperplasia. In a few cases neither adreno-cortical,
thymic, nor anterior pituitary tumours were recorded (Oppenheimer, Globus,
Silver & Shaskin 1935; Freyberg, Barker, Newburgh & Coller, 1936; Crooke
1935; Cohen & Dible, 1936).

It seemed remarkable that such diverse pathological findings should
be associated with one clinicai condition until Crooke (1935) found an
abnormality common to all. Crooke investigated the pituitaries of a

Series of twelve (now fifty - personal communication) cases of Cushing's



syndrome, many of which had been reported elsewhere. The series
contained exsmples of all lesions then known to be associated with
the syndrome. In every case he found a conspicuous degree of
hyalinization of the cytoplasm of the basophil cells of the anterior
pituitary; this change was found in only a few cases (9) of a large
non-basophilism series (350), and there only in a partisl form in a
very few cells; in these latter cases it was not constantly associated
with any condition, Crooke concluded that basophil-cell hyalinization
was the abnormality of fundamental significance in Cushing's syndrome.
Since then a specific nuclear abnormality associatcd with hyalinization
of the basophil cells has been described (Severinghaus, 1938).

It is my purpose to describe three cases involving the mobbid
process of pituitary basophilism. The first case is associated with
a carcinoma of an adreno-cortical rest. The second is associated with
a basophil adenoma.of the anterior pituitary gland. The third case is
not associated with tumour. In this case another complex basophil-cell
abnormality in addition to basophil-cell hyalinization is present. The
abnormel ity eppears to be the same as that descoribed by Severinghaus,
but I place an entirely different interpretation on the appearances, It
is, therefore, my intention to describe and illustrate the hypophysis of
this case in detail. For control purposes a series of hypophyses from
conditions other than basophilism have been examined. The control series

will be included in the account of the third case.
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P AR T T HR E E

CARCINOMA OF AN ADRENO-CORTICAL REST

ASSOCTATED WITH HYPOPHYSEAL ABNORMALITY.

(McLetchie & Scott's case).

The clinical history of this case was provided by Dr. L.D.W.
Seott. The pathological work and argument are by myself. This
case is being published in collaboration with Dr. Scott and will

be referred to in later discussions as McLetchie & Scott's case.
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CASE I,

DESCRIPTION OF CASE.

Clinical History.

A female shop assistant aged 26 years was seen in July 1940,
complaining of an acneform eruption of the face, hirsuties and
coarsening of the features. She had first noticed the acne and the
alteration in facial appearance six weeks before. Her previous health
had been good and she had no complaints other than concern over the
sudden change in her appearance., Her previous menstrual history was
normel. She had missed two menstrual periods since the development of
the acne, There was no relevant family history.

On examination, the facial features were coarse,the complexion was
slightly dusky, and acne vulgaris was present over the face and brow;
there was an obvious moustache and a slight growth of hair over the
beard area. The hair of the head was normal. A normal degree and
distribution of adiposity was present over both trunk and limbs; striase
were not seen. The breasts were small., The pubic hair was of female
distribution. The external genitalia were normal and there was no
enlargement of the clitoris. The blood pressure was 150/90 mm.Hg, and
there was no apparent cardiac enlargement., Examination of the abdomen
did not reveal any palpable tumour masses.

While awaiting admission to hospital, she reported regularly and
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the condition gppeared to be stationary, but in the sixth week after

the original consultation she suddenly became comatose and was sent to
the Western Infirmary. On admission she was found to be comatose and
could be roused only with difficulty; she refused to speak and resented
examination, By clinical examination the liver was found to be palpable
one finger-breadth below the costal margin, but no other abnormality was
detected. The blood urea was 40 mg./100 ml., and the blood sugar was

80 mg./100 ml. The cerebrospinal fluid was not under increased pressure
and contained no increase of protein or cells. The fundi were normal.
She remained in this condition for two days, but on the third day the
temperature and pulse rate began to rise, a temperature of lO}o F, and

a pulse rate of 120 beats/min. being reached on the fourth day. On

the fifth day she had occasional twitchings of the face and left arm,

and died after a generalized convulsion. Post-mortem exsmination was

carried out 12 hr. later
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Post-mortem examination.

Apart from the findings in the endocrine glands, which will be
described in detail, the following changes were noted. The liver (1500 g.)
wes permeated with secondary carcinomatous deposits to such an extent
that there was little liver tissue remaining in the left lobe.  Much
of the hepatic tumour was neorotice A number of lymphatic glands in
the neighbourhood of the pancreas were also invaded by secondary tumour
growth, The uterus was normal, as were the kidneys apart from slight
congestion. The heart (320 g.) showed slight hypertrophy of the left
ventricle., The vertebrae and left femur appeared normal on section,
fatty marrow being present in the latter and no bony change being
evident, A localized area of congestion and dilatation of the
superficial veins was present over the right occipital lobe of fhe

brain, Subcutaneous and abdominal fat were of average amount.
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The endoorine glands.

On opening the abdomen, considerable fibrous adhesion was noted
in the neighbourhood of the pancreas, towards the tail of which a hard
nodule could be felt. The capsule of the. left adrenal was adherent
to the pancreas, and owing to the difficulty of making out precise
relations, the pancreas, kidneys, adrenals and aorta were removed
together, fixed in Kaiserling's fixative solution and subsequently
dissected. The hard nodule was then seen to be a mass of tumour tissue,
2,5 cm. in diameter, replacing the substance of the pancreas near its
tail. An irregular fibrous capsule appeared to invest the tumour,
separating it from the pancreas medially and from the left adrenal
laterally. In order to determine the exact relationship of the
adrenal gland to the tumowr, large blocks of tissue comprising pancreas,
tumour, and left adrenal in continuity were prepared for histological
examination, When this was done it was evident that the tumour lay

completely outside the capsule of the left adrenal (Plate 1, fig. 1 )
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The pancreas.

The pancreas, apart from the tumour, appeared to be norma].
Histological examination of the tumour showed alveoli filled with
cubical cells and supported by a delicate fibrous stroma; in some
areas the structure resembled that of the zona glomerulosa of the
adrenal cortex; in others the cubical cells were arranged in long
columns, the structure resembling the zona fasciculata. Thin-walled
vessels were present, but the growth was not very vascular (Plate 1, fig.2 ).
The epithelial cells had finely granular cytoplasm and single, oval,
hyperchromatic nuclei; a few large nuclear forms were present but
aberrant forms and mitotic figures were not found. The secondary
deposits in liver and lymph glands had also this simple adenomatous
structure, A dense fibrous capsule invested the primary tumour, but
in places tumour cells had infiltrated beyond the capsule and were
arranged in masses of small polygonal cells with dense hyperchromatic
nuclei and very scanty cytoplasm, Ingeneral,the tumour corresponded

to the malignant adreno-cortical adenoma described by Ewing (1928),
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The adrenals.

The adrenal glands were larger than normal, and had notably
rounded edges., The right adrenal weighed 12.8 g. and the left
16 g. (allowance being made for a wedge left adhering to the panoreas).
The increase in size involved the cortex of each gland (cortical
hyperplasia) and the medulla on each side was normal in size and
appesrance. The deposition of fat and doubly refracting material in
each cortex gppeared normal.

Since it has been claimed that the essential evidence of androgenic
overactivity in the adrenal cortex is the demonstration of fuchsinophil
material in the epithelial cells (Broster & Vines, 1938), a search for
this was made in the adreno-cortical tissue, the primary tumour in the
pancreas, and the glandular and hepatic metastases., Small amounts of
highly fuchsinophid material were found in the epithelial cells in all
sites with the exceptién of the hepatic metastases. The staining
technique employed was McFarlene's picro-Mallory stain (see this thesis,
part 1I, for comnent). In the adrenal cortex the material was present
in small scattered areas in all three gones. Similar granules‘ were not
found in twelve adrenal glands hﬁ'om routine autopsy cases. In the
primary tumouwr and glandular metastases it was found in scattered areas,
in some of which it was plentiful, and presented a striking appearance,
being disposed in discrete granules and also sharp-edged crescentic

inclusions. The fuchsinophil material had no obvious relation to
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autolytic or necrotic processes, being on the contrary absent in the
necrotic and autolysed hepatic secondaries. According to Vines, the
substance responsible for this staining reaction is labile and tends
to dimihish as the result of post=-mortem autolysis; it is, therefore,
probable that the fuchsinophil reaction would have been more plentiful
had the tissue been fresher, and had tbeblocks of tissue examined
received primary fixation, Apart from general enlargement and the
presence of the granules of Vines, I could find no difference in the

structure of the adrenal cortex from that of the normal adult cortex.

The pituitary gland.

Serial sections of the gland were examined. The histological
technique and methods of enumeration and measurement of cells employed
are described dlsewhere (this thesis partI ).

The anterior pituitary was of normel size and gross structure,

The basophil cells. An enumeration of the cell types was carried

out according to the method of Rasmussen. The relative number of the

basophil cells (1k.9%) was slightly above the maximum normal (13.6%)
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and well sbove the mean for the age and sex of the subjeot, as defined
by Rasmussen (1929, 1933).  Apart from the actual enumeration, the
basophil cells app'eared much more numerous than in any other hypophyses from
young subjects which I have examined. All the basophil cells seemed of
large size, but measurement showed that they were in fact within normal
limits (see this part, Case III, page125). The majority of the basophil
cells showed the more extreme forms of cytoplasmic hyalinization described
by Crooke (1935), the normal granular cytoplasm being replaced by wax-like,
homogeneous, refractile cytoplasm. Ilany of the cells were completely
hyalinized, others showed partial hyalinization Qith wranules persisting
as a peripheral rim and as small Juxta=nuclear collections. The persisting
granules were mainly very small and feebly staining., Normal granular
basophil cells were rare, only one or two being encountered in an occasional
section. The nuclei of the basophil cells appeared normal even in the
completely hyaline cells. Basophil=cell vacuolation was inconspicuous.
The extreme degree of the cytoplasmic alteration in the basophil cells is
evident from the illustrations (Plates 2, 3 ,figs. 3, 4).

The size and relative proportion of the acidophil and chromophobe
cells were well within normal limits. These cells showed no cytological

abnormality.
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Adenomata In the inferior part of the gland there were three small
adenomata, all about 1.5 mm, in diameter. The term adenoma is used
in the conventional sense adopted in hypophyseal histology - focal
accumulationsof a single cell type with loss of the normal acinous
plan. Two of the adenomata were of papillary structure, the cell
type being similar to that of the normal chromophobe cells of the
gland, They had indefinite edges merging imperceptibly into normal
parenchyma, In the third adenoma there was a central gzone of colloid
material, similar to the colloid of the cysts of the pars intermedia,
surrounded by a cellular zone sharply demarcated from surrounding
anterior pituitary structure, with compression of adjacent acini
(Plate 4, fig.5 ). The cells of the adenoma were loosely arranged
with little stromal support, and with no suggestion of polarity. The
eells had large oval vesicular nuclei and scanty irregular finely
granular cytoplasm; some cells appeared as almost bare nuclei. The
staining reaction of the cells differed slightly from the chromophobe
cells of the glend and appeared to conform to the 'indeterminate’
adenoma described by Graef, Bunim & Rottino (1936) in a similar type of .
case, but the degree of post-mortem change present does not justify a ‘
special deéoriptione of the tinctorial affinities of the cells. I will
refer to the two chromophobe adenomata and the 'indeterminate' adenoma
collectively as the chromophobe adenomata.

The para intermedia was relatively large with many duct-llke spaces

lined by one or two layers of columnar cells with faintly granular
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cytoplasm. In places these cells showed differentiation to cells
indistinguishable from anterior-lobe basophil cells and many of the
dubts were packed with basophil cells, many of which showed hyalinigzation.

The posterior lobe. The gross structure appeared normal. Wandering

basophil cells were numerous in the area adjacent to the pars intermedia.
The majority were hyalinized. Deep in the posterior lobe there were
two irregular and incomplete gland-like spaces lined by columnar cells
similar to those in the pars intermedia. These cells could be seen
differentiating into cells indistinguishable from anterior lobe basophil
cells, Wendering basophil cells produced from this area were scattered
in the nervous matter around the spaces. Many of these basophil cells

showed hyalinization.

Qther endocrine glands.

The thyroid gland showed normal involutional tissue., In the
right ovary primordial follicles, corpora lutea and corpora albicantes
were present; the left ovary was represented by a single cyst lined by

flattened cubical cells. No thymic tissue was found in the mediastinum.



92.

Summary of post-mortem findings.

(1) Carcinoma in substance of the pancreas with hepatic and
glamiular metastases.

(2) Bilateral adreno-cortical hyperplasia.

(3) Puchsinophil (androgenic) granules of Vines in epithelium
of both tumour and adrenal cortex.

(4) Anterior pituitary - Basophilia (relative increase in basophil

cells), extreme basophil-cell hyalinization, three chromophobe adenomata.
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DISCUSSION

The tumour in the pancreas.

The tumour has the structure of a malignent adreno-cortical adenoma;

fuchsinophil granules are present, a common finding in the adrenal-
cortical tumours associated with masculinization (Broster & Vines, 1938).
The tumour is present in a site where adreno-cortical rests have been
shown to occur (Ribbert, guoted by Glynn, 1911) and is associated with
a group of symptoms similar to those coumonly present in cases with
adreno-cortical neoplasm., Both macroscopically and microscopically
the tumour is shown to have no direct connexion with the adrenal glands.
Accordingly it is an adenocarcinoma of an adreno-cortical rest. Hyperplasia
or tumouwr in adrenal rests is uncommon and their association with sexual
alteration is exceedingly rare. (this thesis, part II).

Taking into consideration the short course of the disease in this
case, it seems likely that the primary condition is the carcinoma of
the cortical rest. I consider that the bilateral adreno-cortical
hyperplasia is produced by the same stimulus (unknown) which induced
melignant change in the adreno-corticel rest, Reasons will be given
later for assuming that the hypopbyseal changes are secondary to the
adreno-cortical sbnormality. Grollmsn (1936) has propounded the
theory that hyperplasia or tumour of the adrenal cortex associated

with masculinization is produced from a special Juxte-medullary zone
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of the adrenal cortex. I have not found any indication from the
morphology of the enlarged adrenals and the adreno-cortical tumour to
indicate the implication of such a tissue in the morbid process of the

present case.(see this thesis, part II)

The hypophyseal abnormality.

Basophil-cell hyaliniation, Crooke (1935) has shown that a conspicuous

degree of basophil-cell hyalinization is the only constant lesion in,
and is specific for, Cushing's syndrome whether there e a tumour of

the basophil cells, of the adrenal cortex, or of the thymus, and, in my
opinion, all subsequent evidence appears to substantiate this view (this
thesis, part III, final discussion). In this case the hyalinigzation

is greater in degree than has ever been previously recorded; this
finding is possibly in parallel with the large amount of abnormal
adrenc-cortical tissue both as tumour and cortical hyperplasia. Crooke
specially noted that, despite the replacement of the basophil granules
by the refractile hyaline cytoplasm, the nucleus of the hyaline basophil-

cell showed no é.bnormality. The apparent normality of the nucleus is a
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striking feature in this case despite the remarkable degree to which
hyalinization has proceeded so that the nuclei appear embalmed in a

dense wax-like gytoplasm, Since the nucleus was normal Crooke concluded
that basophil-cell hyalinization was an attribute of some special alteration '
in basophil=cell activity rather than a stage of cell death, In this
case the derangement of basophil-cell activity is of extreme degree

and it cannot be denied that the accepted morbid basis of Cushing's
syndrome is present

Basophilia, Basophilia has been previously recorded in a case of adreno-
cortical tumour associated with Cushing's syndrome (Lescher & Robb-
Smith, 1935). Basophil-cell hyalinization was also present in this

case (Crooke, 1935). 1In comnefion with the importance of this findinng,
the sctive development of basophil cells from the pars intermedia and
associated epithelial inclusions found in the posterior lobe in the
present case is of importance. While columns of wandering basophil
cells in the posterior lobe are often found to be continuous with the
epithelium of the pars intermedia, I have not observed in my control
series active differentiation of basophil cells from large numbers of
pars intermedia cells as obtains in the present case. Lewis & Lee
(1927) have already drawn attention to clefts in the posterior lobe
lined with epithelial cells similar to my finding. I have also
encountered these structures in the control series but unassociated

with production of basophil cells, I thus consider that the active
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development of basophil cells from the pars intermedia and allied
tissues is associated with the generel basophilia and is evidence of
a gtimulus for increased basophil-cell activity which is part of the
morbid process .

The chromophobe adenomat a. Chromophobe adenomata have been recorded

in cases with a similar pathology to our own, but associated with a
symptomatology more obviously belonging to Cushing's syndrome (McCullagh
& Cuyler, 1937; Graef et. al. 1936). Close (1934) records the finding
of chromophobe adenomata in 10% of pituitary glands from routine autopsies.
He does not distinguish between true chromophobe and 'indeterminate'
adenomata, Some adenomata which I nave encountered in routine autopsy
material have been 'indeterminate' in character and it is probable that
Close's series contained examples of this type. Graef et al. have
pointed out that the so-called chromophobe adenomata are rare in young
subjtects, and th#% consider that the adenoma in their case is associated
with the morbid process and is not an incidental finding. Since,
however, these adenomata are sometimes found unassociated with adrenal
tumour, and are not constantly associated with adrenal tumours, it would
appear that they can have only some secondary significance in relation
to the morbid process under discussion., Cramer & Horning (1936) and
others have produced large chromophobe adenometa in the hypophyses of
rats by injeotions of oestrogen. The chromophobe adenomata found in
cases of adrenal tumour msy be correlated with this experimental finding,

in that large amounts of oestrogen have been shown to be excoreted in such
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cases (Frank, 1934; Saphir & Parker, 1936). In Graef's case the

oestrogen excretion exceeded that of pregnancy,

The relationghip of the clinical to the morbid snatomical findings.

The comatose state followed by sudden death wes apparently due

~ to hepatic failure, coma and delirium being not uncommonly associated
with massive necrotic secondary carcinoma of the liver, though this
sudden termination preceded by convulsions is unusual and the possibility
that the coma was due to the extreme basophil-cell changes cannot be
excluded.

At no time did the patient's condition suggest that a morbid
process was at work as extensive as I have found, and on clinical grounds
the patient's condition might be regarded as one of virilism showing only
coarsening of the features, hirsuties, amenorrhoea, slight hypertension
and dusky cyanosis. The symptomatic history of the disease was,
however, only of 12 weeks' duration and my view is that had the
patient lived longer more obvious signs of Cushing's syndrome would
have developed as a result of the specific pituitery change. With
regard to the development of Cushiiig's syndrome in cases of adreno-
cortical tumowr, it is of interest to consider the course of two cases

pathologically similar to ours.



98.

Hare, Ross & Crooke (1935) reported the case of a female aged
31 years in whom the first significant clinicsl signs were changes in
facial appearance, with obesity and the growth of a beard; one year
later amenorrhoea followed a period of metiarrhagia. Later, a full
Cushing's syndrome developed and the patient died after a surgical
operation for removal of an adreno-cortical carcinoma., Post-mortem
examination showed hyalinization of the basophil cells, This clinical
picture of initial virilism followed by Cushing's syndrome wes also shown
by the patient reported by Lescher & Robb Smith (1935). In this case,
in a female aged 32 years, menstruation ceased abruptly, obesity appeared
and was followed by the growth of a beard and moustache. When examined
three years after the onset of the disease, she presented the typical
appearance of Cushing's syndrome with obesity, hirsuties, plethoric
appearance, dusky cyanosis, hyperglycaemia, polycythaemia, hypertension
and marked osteoporosis. As in the previous case, death occurred after
the removal of an adrenocortical carcinoma and again hyalinization of the
basophil cells was found at autopsy (Crooke 1935). It would appear
that the present case differs from these mainly in its short duration
and only the extreme malignancy of the tumour prevented a similar
course being taken. The three cases are presented as illustrating a
possible sequence in the genesis of Cushing's syndrome,

On general principles, it is most unlikely that such a profound

derangement of basophil-cell function as is manifested by the extreme
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hyalinization in our case would only be associated with manifestations

of virilism. On the other hand, it camnot be doubted that hypercortico-

adrenal conditions of long duration may be only associated with mani:f‘exa‘t:ations{J
of virilism without developing evidence of multi-glandular disease, though
this is more true of cases with adreno-cortical hyperplasia than with |
tumour (this thesis, part I). In those cases the pituitary gland shows
no demonstrable abnormality.

It will be argued later in this thesis that in Cushing's
syndrome associated with adrenal tumour the sequence of events is
as follows: +the adreno-cortical hyperactivity results in basophil-
cell overactivity which may be associated with basophil-cell inorease
(basophilia); basophil-cell hyalinization is a cytoplasmic change
consequent on basophil-cell overactivity.

It is evident from this case that a profound basophil-cell response

may be rapidly elicited in the anterior pituitary by a hyperadrenc-

cortical condition without much external evidence, and it is apparent
from Lecher's and Hare's cases that it takes time for unequivocal signs
of multiglandular upset to develop.

Up to this point I have passed over the possibility of the hypophyseal
changes in this case being antecedent to the adreno-cortical abnormalitye.
This would be unlikely if return to normal could be obtained after removal
of an adleno-cortical tumour in a case where the symptomatology left no doubt

that the morbid process had passed beyond that of pure hypercortico-adrenal
. stimulation.
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Unfortunately, no case with the full clinical picture of
Cushing's syndrome has survived operative removal of the
tumour. Walters, Wilder & Kepler (1934) have recorded a series
of cases under the heading of "The Adreno-Cortical Syndrome" in at
least one of which complete return to normal was obtained after
removal of an adrenal tumour, The symptomatology of their cases
is much more suggestive of early Cushing's syndrome than of
wcomplicated hypercortico-adrenal stimulation and it is considered
that one must infer that the basophil-cell alterations of Crooke
can be secondary to an adrenal tumour and are reversible,

The importance of the general findings in this case will be
included in the finel discussion on Cushing's syndrome. The relation

of adrenal virilism to Cushing's syndrome will also be discussed later.
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SUMMARY.

A case is described of the sudden development of a condition
of mild virilism in a previously healthy and apparently normal
adult female. Sudden death followed a brief period of coma three
months after the onset of the first signs. Post-mortem examination
showed a carcinoma of an adreno-cortical rest and bilateral adreno-
cortical hyperplasia., In the eanterior pituitary glend extreme
basophil~cell hyalinization, basophilia, and three chromophobe
adenomata were found., It is contended that had the patient lived
longer a fully developed Cushing's syndrome would have been manifest
in contrast to the simple condition of virilism of life-long duration
manifested by the case described in part II. The alterations in the
pituitary gland are considered to be secondary to the adreno-cortical

abnormality.
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PART TIIT

Plate X 2.

Fig. 3.

A = Tield of anterior pitultary gland of Case 1.
B - field, rich in basophil cells, of a normal anterior
pituitary gland with same degree of post portem change

as A and stained by same method. Compare with A.

MOTH in i the extreme degree ol hyalinization of the basophil
cells seen as vale grev cells. Perivheral granulations can
be made oub as dark rinms. Areas of juxta-nuclear granulation

and vacuolation can be made out in the hyaline cells.

HOTE the nornal appearance of the nuclel of the abnormal cells.

A 210 METHOD ITA
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THE REPORT OF A CACE OF CUSHING'S SYNIROME ASSOCIATED

WITH A BASOPHIL ADENOMA OF THE ANTERIOR PITUITARY GLAND.

Clinical details of this case were kindly supplied by

Dr. W. Gray.

Clinical history.

Before the development of her fatal illness the patient was
e normal female of medium nutrition. Menstruation started at
11 years and was regular until 1936 when it ceasecL The patient
was married and had borne three normal children, All the
pregnancies were wieventful, in 1938 the patient was un@.er
observation at Stobhill Hospitel for three months, as she had
become "emotional" and feared that she would do harm to her children.
She was dismissed as "improved. *  Two years later she was re-admitted to
Stobhill Hospital with the same complaint. It was now obvious that she
had endocrine disease. The patient, aged 37, lethargic and emotionally

unstable, exhibited the following signs :-
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Signs of masculinization. The hair of the head was dry. There

was a heavy hrowth of hair on the chin and moustache srea. The
patient's bodily habitus was that of a rather stout male subject.
Her features were coarse and of male type. The voice was harsh.
The abdominal and genital hair and the hair on the limbs were of
female type and distribution. The breasts and clitoris appeared
normel.  All the abnormal signs dated from 1938.

Hypertension. The systolic blood pressure varied from 190 to 240

mm. Hg., with occasional falls to 140 mm. Hg.

Glycosuria. The urine contained from 1 to 2% glucose. The
and hyperglycaemia.
fasting blood sugar was 190 mgm. per cent and after

the ingestion of 50 gm. of glucose rose to 300mgm. per cent within
en hour., When attempts were made to control the blood sugar with
insulin the mental and physical condition deteriorated.

Pigmentation There was a dusky cyanoséd facies and
and abnormal coloration.

blotchy red colouration of the abdominal
wall. The limbs showed a dark brownish-~blue pigmentation.
A hypercortico-adrenal state was considered to be the basis
of the condition, though upset of pituitary function could not be
excluded., The pituitary fossa was normal radiologically. It
was decided to visualise the adrenal glands radiologically using
retroperitoneal injections of air. When this was carried out the

right side was found to be normal. The films of the left side were
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not good end the examination was repeated three dsys later. The

left side was found to be normal. The patient died suddenly on

the evening following the last injection.

Dr. F. E. Reynolds has kindly supplied the following post-

mortem report :-

POST MORTEM FINDINGS.

General Appearances. The body was that of a well developed and

quite well nourished woman; within the body a large amount of
fat was found. The general appearance have been recorded in the
clinical notes but at the time of conducting the post mortem
examination pigmentation of the skin was not apparent although

there was perhaps some excess of pigment in relation to the nipples.
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Body Cavities. A few old fibrous adhesions passed between the

surface of the left lung and the chest wall. No excess of fluid
was found in any of the body cavities and the only one in which
fibrous adhesions were present was the left pleural cavity. The

fatty tissues around both kidneys contained many bubbles of air.

Respiratory System. The fauces were not congested and the air

passages were not obstructed. Both lungs were congested and espec-
ially in their lower lobes. 1In addition, two recent haemorrhages

had occurred into the pulmonary substance of the left lower lobe in
relation to the root of this lung. The haemorrhages were small in

size and of no practical moment.

Cardio-vagscular System, A large number of "flame-like" haemorr-

hages had occurred under the endocardium lining the cavity of the
lef't ventricle. The mitral cusps showed patches of degenerative
change in their substance and these were of a greater degree than
is usual to find in women of this patient's age. No lesions of
the cusps of the other orifices were found and the tricuspid and
mitral openings were not dilated. The card.iéc muscle was extremely
pale in colour. Scattered throughout the aorta were streaks and
patches of degenerative change. Although these were not excessive
in degree they were much more than is usual to find at 37 years of

age.
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Endocrine Organs. Both adrenal glands were large but they were

within normal limits. The usual relationship between cortex and
medulla was unaltered and no lesions were found in either of the
bodies. The thyroid gland was small. The pituitary gland was
small but filled up its fossa. The ovaries were of average size.
No fibrosis had occurred and a fairly recent corpus luteum was

present in the left ovary.

Urinary System. The kidneys were of average size, Their capsules
stripped easily. Their substance was pale and contained an excess
of fluid, The ureters were not dilated. A considerable number
of haemorrhages had occurred in or immediately beneath the lining

of the urinary bladder; again these were "flame-like."

Other Organs. No lesions of primary pathological importance were
found in the liver, spleen, pancreas, alimentary tract, or brain.

In the wall of the uterus were a number of fibro-leio-myomata situated
immediately below the peritoneal covering of the organ. The largest

of these was not as big as a lentil,

Helf of one of the adrenal glands, preserved in Kaiserling's
solution, and paraffin blocks of the pituitary gland were kindly

supplied to me for examination by Dr. Reynolds.
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HISTOLOGICAL EXAMINATION,

The pituitary gland.

The gland had been bisected in the sagittal plane, and fixed in
formelin. It was found that the paraffin blocks were too tough

to obtain thin sections., After a few complete sections had been
mounted each block was divided into four parts with a sharp razor
and the resulting blocks were embedded separately. Thin sections
were then obtained and the gland reconstructed from serial sections.
From the examination of the sections of the original blocks it was
obvious that a large basophil adenoma was present in a gland of
normal size.

The basorhil adenoma of the anterior lobe.

The adenoma is roughly spherical and is 5 to 6 mms. in diameter.

It is not encapsulated but has produced a condensation of the
surrounding parenchyma equivalent to a depth of about 2 acini.
Inferiorly the tumour abuts on the capsule of the gland with the
production of slight bulging. Posteriorly the tumour impinges on
the pars intermedia. The pars intermedia is compressed and distorted
slightly., Anteriorly and superiorly the tumour is covered by the
swrviving parenchyma of the anterior lobe. The surviving tissue is
Judged to be equivalent to about one quarter of the normal gland., It
shows no upset in gross structure. The tumour is of papillary
character and shows thin-walled blood spaces clothed by thick layers

of cells, A few areas of haemorrhage are present but there is no
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necrosis. The tumour cells are of uniform type and are all small,
being about 12 ¢ in diameter. The eytoplasm is finely granular.

The granules are smaller and closer packed than in normal basophil
cells. The characters of the tumour cells are definitely basophilic.
While in many cells, using the specific stains for B grenules, the
granules stain as intensely as mature 3 granules of the anterior
lobe, in others the granules stain less intensely. The nuclei are
small and hyperchromatic. Mitoses have not been seen, Vacuolation
and hyalinization of the cytoplasm of the cells is not present. To
make sure of this point some hundreds of sections were exemined over

a period of a year.

The surviving anterior lobe tissue.

Basophil cells are not numerous and in many sections none is present.
They are all of small type, none being more than 14 «{ in dismeter.

The majority show normal granularity. Cytoplasmic vacuolation is
inconspicuous and of inter-granular type (see case III for comparison).
A small proportion (ebout one tength) show the cytoplasmic hyalinization
of Crooke. While all degrees of the condition zre present hyaline
cytoplasm presents mainly as thin sub-peripheral rims. This would not
have been made out without the new methods introduced. The nuclei

of the basophil cells show no sbnormality. The acidophil and

chromophobe cells show no abnormality.
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Pars intermedia. The pars intermedia presents as a number of

colloid-filled cysts lined by a flattened non-granular cubical
epithelium., The wandering basophil celis of the posterior lobe
are scanty but within the normal variation. They show normal
granularity and neither cytoplasmic vacuolation nor hyalinization

is present. The pars nervosa shows no abnormality.

The adrenal cortex.

The cortex appears enlarged and is approximately the same thickness
as the cortex of Case I, which is definitely hyperplastic (Dr. Reynolds
describes the adrenal glands as large but within normal limits). The
gross structure of the cortex appears unaltered. The fuchsinophil

granules of Vines are not found . Frozen sesctions show no abnormality.
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DI S CU S s I 0 N

Considering the relatively short duration of the disease
the syndrome of pituitery basophilism is well developed. The
subject did not show as marked visible adiposity as is seen in
the fully developed condition but the pathologist noted a large
amount of fat In the body cavities. There is no information
available concerning osteoporosis or polycythaemia.

The size and structure of the pituitary adenoma is similar
to many already described (Cushing, 1932; Russell, Evans and
Crooke, 1934; Crooke, 1935). The fact that the cells of the
adenoma differ slightly from normal basophil cells of the anterior
lobe indicates a departure from normal consistent with the belief
that they are true tumour cells as opposed to a focal hyperplasia,
perhaps self-limiting and of the nature of a physiological process.
The degree of hyalinization of the basophil cells of the surviving
anterior lobe parenchyma and the absence of hyalinization in the

tumour cells shall be discussed in the final summation.
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A case of Cushing's syndrome is described in a woman of
37. A basophil adenoma was present in the anterior pituitary
gland., The cells of the adenoma did not show the cytoplasmic
hyalinization of Crooke. Basophil cells in the surviving
anterior lobe were small and not numerous; about 10% showed the

hyaline lesion of Crooke, mainly in slight degree.
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C A S E IIT

THE REPORT OF A CASE OF CUSHING'S SYNDROME

UNASSOCIATED WITH TUMOUR ANYWHERE.

IESCRIPTION OF CASE.

History. The patient, an unmarried male aged 32, was admitted to
the surgical wards of Mr. J. S. Buchanan, Western Infirmary, Glesgow,
with cellulitis and abscess formation of the left foot caused by
slight trauma. The patient had not felt well for the past three
years; he had noticed his hair becoming grey and obesity developing
over the past two years; he had been worried by a feeling of
'uselessness' and lack of libido for the past eighteen months;
for the past year he found that he only had to shave once every
three days instead of every day, as previously. There was a clinical
history of diabetes mellitus for the past 12 months. Previous to all
this he had been a normal healthy subject.

On admission the patient was grey—-haired and of florid complexion.
He was of average stature but was very stout, showing especially
facial and abdominal obesity. A few bluish striae were present on
the abdomen. Glycosuria, polyuria, acetonuria and polydipsia were

present, There was hypertension (B.P. 170/100). The heart was
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enlarged; the subcutaneous and retinal vessels showed arteriosclerotic
changes. The blood picture gave R.3.C., 5.1 million, W.B.C. 7400 and
Hb 90%. Bone changes were not obvious but the patient was too ill
for extensive investigation. The Wassermann reaction was negative.
Radiography of the sella turcica showed no abnormality. The condition
was diagnosed as Cushing's syndrome.

The patient's condition deteriorated both locally and generally,
despite control of the glycosuria by insulin and repeated drainage ‘
of the septic area. Ultimately attacks of blindness, giddiness and
mental upset became frequent, and the patient died in coma six weeks
af'ter admission, Post-morten examinétion was carried out by Prof.

J. Shaw Dunn 26 hr. later.

Summary of post-mortem findings: Marked hypertrophy of left

ventricle, arteriosclerosis and bronchopneumonia. Endocrine glands:
pancreas embedded in fat but showing a considerable amount of natural-
looking tissue; adrenals (12 g.) not enlarged; thyroid not enlaf"ged,
no sbnormality; testes small but of normal eppearance; pituitary
gland of normal size; no thymic tissue found in the mediastinum.

Only the pituitary gland was taken for histological examination.

The paraffin blocks of the gland were given to me by Dr. J. E.

Craik.
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HISTOLOGICAL EXAMINATION.

The pituitary gland had been divided into four parts by cuts
parallel to the sagittal plane and fixed in Formol Zenker/corrosive
sublimate. The posterior lobe was deficient in the blocks, only

a narrow rim of tissue being left adherent to the anterior lobe.

Anterior pituitary. The anterior pituitary presents a normal

architecture, and the relative proportion of cells appears ta be
within normal limits with difi'erential staining, Rasmussen's
method of differential cell enumeration is strictly applicable only
to horizontal sections of the gland, Therefore a Rasmussen count
cannot be accurately copied in this case. The table below shows
the results obtained on counting 17,000 cells by the method that
Rasmussen (1929, 1933) defines, but using vertical sections. The

results are compared with a similar count carried out on a normal

adult male:
Chromophobe
Basophil cells. Acidophil cells cells.
CASE III 10% 38% 51%
CONTROL 8% LO%% 52%

. These figures are well within Rasmussen's normal limits, and this
was the impression gained on comparison of the sections with sections

from 120 other human pituitary glands.
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The basophil cells. The basophil cells show three abnormalities:

hyalinization, excessive vacuolation and an increase in size. Only
one %o two normal granular basophil-cells were seen in most of the

sections (80) examined.

Basophil=cell hyalinization. As Crooke described, the progressive

development of hyalinization, in the cells uncomplicated by excessive
vacuolation, is seen to follow an invarisble rule when it encroaches
upon the granular cytoplasm., Beginning as a narrow complete, or
almost complete, zone situated peripherally, the hyaline change
advances towards the nucleus. In most cells showing advanced
hyalinigzation, granular cytoplasm persists in two areas, one in
contact with the nucleus on that side of the nucleus which has the
most abundant cytoplasm ‘(Juxta-nuclea.r granulation), and enother on
the periphery of the cell. When eventually the juxta-nuclear
gramulation is hyalinized the peripheral granulation is often still
partially persistent (see this thesis part I for illustrations).
All stages from a narrow subperiphei'al hyaline zone to complete
hyelinization are prsent., About 5% of the basophil cells are
completely hyaline (Plate 5, fig.6 ; Plate 6, fig.10. ). Cells
with a narrow complete sub-peripherel hyaline zone are panticularly
numerous; this type does not appear to have been observed by Crooke

(Plate 6, fig. 11).
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Vacuolation in the basophil cells. About one=fifth of the

partially hyaline basophil cells show no vacuolation of the remaining
granular cytoplasm, The rest show varying degrees of vacuolation of
the granmilar cytoplasm and in most it is completely vacuolated.
Excessive vacuolation in the individual cells isnot represented by a
large single vacuole but is always of multifocal origin, being repre~
sented by a cdnglomeration of small vacuoles. These may be outlined
by- a layer of normal ripe gramules (inter-gramular vacuolation) (Flate 6 s
fig. 9 and fig.10 ), but in many the outlining granules have become
scanty and are small and feebly stained. Refractile cytoplasmic
threads are then revealed outlining the vacuoles, and to this appearance
I give the name cobweb vacuolation. This cobweb vacuolation develops
in any area of the cell but is most common in the Juxta-nuclear area.
Cobweb vacuoles often indent and compress the nucleus, which may
eventually be flattened out against the periphery of the cell.

Depending on the plane of section many configurations are produced
(Plate 6 fig.11 and Plates 7 and 8 ). Where cobweb vacuolation
abuts on hyaline cytoplasm the threads outlining the vacuoles appear
continuous with the hyaline cytoplasm. A few very large (55/ 1) nom-
hyaline cells are present.

Intrahyaline vacuoles are present in many of the cells with advanced

hyalinization (Flate’ , fig. £,and Flate 7 )e Cobweb vacuolation is
also conspicuous in non-hyalinized cells; stages in its develomment are

shown in Flate &4’ fig. 11 .
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The amount of basophil=cell vacuolation is much greater than
in any of the glands of the control series both as regards the
proportion of vacuolated cells and the degree of vacuolation in the
individual cells.

The nuclei of the basophil cells. In hyaline basophil cells

uncomplicated by excessive vacuolation, the nuclei appear normal
except for a few of the completely hyalinized cells in which the
nucleus is hyperchromatic and slightly distorted. The hyaline
cytoplasm of the latter cells stains very deeply. The nucleus may

be normal in appearance in cells with excessive cobweb vécuolation,
but in the majority it is peripheral and compressed and scalloped by
the vacuoles, Despite the remarkable degree to which scalloping of
the nucleus may proceed in association with cobweb vacuolation, it is
indeed remarkable that "I have not seen a single example of nuclear
pyknosis. In connection with the assessment of nuclear pyknosis in
the normal anterior pituitary,‘basophil muclel vary greatly in chromatin
content, some being of denée structure and highly fuchsinophil, and only
slight detail is made out with well-differentiated staining and high
power observation. When the latter type of mucleus is compressed

and scalloped little nuclear detail is discernible (Plate 7 ). The
nucleoli of some of the nuclei of vacuolated cells appear unusually

large. Many binucleate and trinmucleate cells are present (4=6 in every
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section examined). No mitotic figures were found

Many peculiar dispositions of hyaline, vacuoles, normal
granularity and nucleus in the basophil cells give the impression
that constant alteration in the morbid process is occurring.

The acidophil cells show normal granularity.

Size of chromophil cells, With regard to the size of the cellis,

there is a striking abnormality present. In every field examined the
diameter of the acidophil cells has been only a half to a third the
diameter of the basophil cells freguently the disproportion has even
been greater, while only in a few fields was an acidophil cell found
as large as the smallest basophil cell (Plate 5, fig. 6 ).

In the glands of subjects, aged 20-40, in the control series,
acidophil cells vary from 6 to 20 ‘i in diesmeter. Acidophil cells
show great variation in size; the basophil cells are much more constant,
the vast majority being 14-16 in diameter. Occasionally a giant
chromophil cell is seen. In no casc has any disproportion in the
basophil/acidophil ratio been found approaching the conditions in the
present case, Here less than 1% of the acidophil cells are over 12 : ;
0e2% have diameters over 16 ; many are less than 8 . The majority
of the basophil cells are 18-22 in diameter, and about 4% are giant
forms of 28-36 : ; many of these forms show the phenomenon of cupping
(Plate 5, fig.8 ; see Severinghaus (1938) for explanation). The

table shows the results obtained on measuring, with the eyepiece
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micrometer, approximately 1000 acidophil, and 1000 basophil, cells
from the present case, Case I, and, as a control, from sections of
the hypophysis of a normal adult male, age 34. Both case and control

appeafed to have the same degree of post-mortem change and shrinkage

Diameter of chromophil cells ( )

fover 20 26 1

S
ver 20 - 20-16 - 16-12 . 12-8 . >8

Percentage of basophil cells present in various groups

Present Case 27 30 42 3 0
Case 1 4 30 58 8 0
Control 7 29 52 12 0]

Percentage of acidophil cells present in various groups

Present Case 0 0.2 0.7 78 21
Case I I 10 29 56 1
Control 3 19 27 4 3

Thus, there is in the present case (1) a greater preponderance of
basophil cells of larger type than normal; (2) a constant abnormality
of the acidophil cells, in that they were all of small type, and it is
clear (Case I) that this abnormality is not constantly associated with
basop;g};yalinization. The chromophobe cells are all of the small
type found in the normal adult. No adenoma has been found on serial

section.

The posterior lobe. Observation is limited to a rind of tissue

attached to the anterior lobe. The wandering cells are plentiful and
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of normal type. A few show intermediate stages of hyalinization and

vacuolation. The pars intermedia is small and presents no abnormality.

Summary of anterior pituitary findings.

(1) A conspicuous degree of basophil-cell hyalinization.

(2) Excessive basophil-cell vacuolation, with development of the
cobweb and scalloping of the nucleus.

(3) Enlargement of basophil cells.

(4) Great decrease in size of acidophil cells.

(5) Relative proportion of cells within normal limits,

(6) No adenoma present.

Anterior pituitary gland.

Comparison of cases I, II & III.

Acidophil
Basophil cells. Adenomata cells
Case I. Large, excessive vacuolation
with cobweb development,
hyalinization. None Small
Case III. Increase in number, normal 3 small Normal.
size, extreme hyalinization, chromophobe
inconspicuous vacuolation. adenomata
Basophil
~Adenoma No hyalinization. A large
‘ basophil
Cas\e 1 adenoma.

Surviving Small, hyalinization
lobe. much less than in
I or III. Normal.
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THE CONTROL _SERIES.

Six to twelve sections from different levels of each gland of a
control series of 140 hypophyses were examined by the methods previously
described (this thesis, part 1 ). The glands were ta.ken‘from routine
autopsies on adult subjects mainly from medical wards. The sections
were specially examined with regard to hyalinization and vacuolation.

Basophil-cell hyalinization. Hyalinization was found to a slight

degree in a few (1 = 3) basophil cells in sections from seven different
glands. The finding was not constantly associated with any condition.
Thus hyaline basophil cells were encountered in one case of essential
hypertension but not in other four, in one case of alimentary carcinoma
but not in other nine, in two cases of bronchial carcinoma but not in
other seventeen, in one case of diabetes mellitus but not in other
seven, in one obese subject dying from cardiac failure, but not in any
other obese subject, in one subject over 70,killed accidentally, but not
in any other subject over fifty five. Basophil=cell hyalinization was
not found in any of the cases of the series with endocrine abnormality
except the one case of disbetes mellitus: thyrotoxicosis (3), almost
complete ablation of the thyroid by amyloidosis (1), myxoedema (1),
islet-cell tumour of the pancreas with hypoglycaemia (2), diabetes
mellitus (8), adreno-corticel hyperplasia ink case of hypertension

(1), Addison's disease (5), thymic tumour associated with myasthenia

gravis (1); two cases of haemochromatosis with marked haemosiderin
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deposits in the cells of the anterior pituitary; two cases of
parathyroid hyperplasia or adenoma associated with osteitis fibrosa.
A large number of sections from these cases were examined.

Basophil-cell vacuolation. The observation of cytoplasmic threads

outlining basophil-cell vacuoles does not appear to have been previously
described, Since it is so conspicuous a feature in the case it might
be question%d if this was a special type of vacuolation only associated
with the process of hyalinization.

Vacuolation of the basophil cells is present in all the glands of
the control series in very varying degree. It is generally more con-
spicuous. in elderly subjects., The vacuolation is mainly of intergranular
type, i.e. the vacuoles are outlined by a rim of granules and no enveloping
cytoplasmic membrane (refractile thread, in section) is visible, and this
obtains even when the vacuolation in individual cells is multifocal.
Bearing no relation to the degree of wvacuolation in the whole gland or
in the individual cells cobweb vacuolation is present in a considerable
number of the control series but in very slight degree and in very few
cells. It is represented by a few contiguous vacuoles with partial
disappearance of surrounding granules and appearance of the cytoplasmic
thread. Occasionally, when Juxta~nuclear, the cobweb vacuoles scallop
the nucleus. The cobweb vacuolation is not associated with hyalinization

and its occurrence in the individual cases cannot be attributed to any

common factor. The greatest degrees of vacuolation are present in



elderly subjects. Severinghaus (1938) has already recorded this

and considers that it is a reaction to hypogonadism (senile
castration). In none of the elderly subjects in the control series
is the basophil vacuolation nearly as marked as it was in the case of
basophilism, Inquiry into the contents of the basophil vacuoles has
not been made, Biggart (1934), using frozen sections, found basophil
vesuoles to contain an unstainsble substence and smsll quantities of

Pat,





























































































































































































