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THE SUPRARENAL GLAND.

ITS FUNCTION IN HYPZRTENSION AND THE COUNTER-~SHOCK
MECHANISM.

INTRODUCTION.,

The work on which this thesis is based began in 1944 when I had
the opportunity of investigating two adrenal tumours subsequently diag-
nosed as phaeochromocytoma. These two routine surgical specimens were
the first of six cases which I was able to collect and, so far as I
know, they constitute the largest series of recorded cases (Blacklock,
Ferguson, Mack, Shafar and Symington, 1947). A full clinical and
pathological description of them is given in the appendix. (II).

Pathological examination of the tumours provided an exercise in
histological technique, and the following technical and pathological
problems were encountered and constitute Part 1 of the thesis,

1, The Chrome Reaction in the Disgnosis of Adrenal Medullary Tumours

with an in-vitro Demonstration and Explanation of the Reaction,

| The chrome reaction played an important part in the pathological
diagnosié of chromaffin tumours and a positive reaction was pathognomonic
of them, Sometimes, the material was received many hours after opera-
tion or death, and the chrome reaction was negative; in such circum-
stances, unless the histological picture was characteristic or familiar
to the observer, the diagnosis became extremely difficult.l

2. The Disintegration of the Phaeochromocyte Cell and Liberation of the

Pressor Substance into the RBlood,

The clinical manifestations of phaeochromocytoma vary a great

deal but it will be seen from the following table that the cases were

Tepresentative of four recognised clinical groups.
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Group 1 - The adrenosympathetic syndrome with paroxysmal
hypertension (Cases 1 and 2).

Group 2 - Persistent hypertension (Case 3).

Group 3 - Asymptouatic (Cases 4 and 5).

Group 4 - Malignant phaeochromocytoma (Case 6).
Cases 1 snd 2 had features typical of the adreno-sympathetic syndrome
(Group.1). When -the histological appearance of the two tumours was
compared, the mode of disintegration of the inactive granular phaeo-
chromocyte cell was seen and liberation of the pressor substance,
directly into the blood stream, demonstrated.

3. The Association of Phaeochromocytoma with Hypertension.

Examination of the literature from 135 published cases (Tables
1, 2 and 3) showed that the hypertension was mainly paroxysmal in type
in Group 1. If the patient survived long enough there was a tendency
for the blood pressure to become persistent, although superimposed
paroxysms were still present. Thus Group 1 hypertension could be sub-
divided as follows:~

Group 1A - Paroxysmal hypertension with interval blood
pressure normal.

Group 1B - Paroxysmal hypertension with raised interval
blood pressure.

In Group 2, as illustrated by Case 3, the hypertension was per-
sistent, no superimposed paroxysms were present and the clinical
features of this group were indistinguishable from those of essential
hypertension.

Although the attacks of paroxysmal hypertension in Group 1A were
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shown to result from liberation of adrenalin directly into the blood,
the cause of persistent hypertension assoclated with Group 1B and
Group 2 was not obvious, and attempts to solve this problem formed
the basis of the animal experiments in Part 2 of this thesis.

4. The Use of Corticel Extract in the Post-Operative Treatment of

Phaeochromocytoma.

It is well recognised that patients suffering from chromaffin
tumours may be extremely shocked following a severe paroxysmal attack,
If this occurs during the operation, as in case No. 1 in the series,
the chances of recovery are impaired. In the treatment of such cases,
adrenalin therapy alone, even in large doses is not satisfactory; but
‘administration of adrenal coriical extract in large amounts seems to
have a beneficial result. It is quite obvious that there will be an
acute medullary insufficiency following reuwoval of the tunour, but it
1s not clear why cortical extract should havs a beneficial effect in
coﬁnteracting the post-operative shock.

The four points mentioned above are considered in detail in
Part 1 and the unsolved problems form the basis of subsequent animal
experiments when attempts were made, in rats, to simulate the action of
chromaeffin tumours by injecting adrenalin in various forms. No
Vascular lesions were seen in any of the animals, but one unexpected
finding at thisg stage completely altered the course of the investiga-
tions,  The animal experiments had been in progress for about 9 months,
without any positive findings, when my attention was drawn to an
article on the osmic acid fixation of the suprarenals (Bennett, 1940).

e . 3 upra-
When the next animal died after an injection of adrenalin the suy
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renals were fixed in osmic acid. I was surprised to find the supra-
renal cortex had responded to the injectionsg of a@:ggalin by libera-
tion of osmophil-positive material,‘and chggmewfixayipp“shqwgd that
th{gwméférial was not adrenalin but true cortical secretion. In 1936
Grcllman suggested that the major functicn of adrenalin "is to protect
or act synergistically with the more vital and destructible cortical
hormone." But.Soffer (1945) referring to Grollman's statement writes -
"the evidence adduced for this hypothesis is meagre and at best
decidedly equivocal." Part 2 of the theels supplies this evidence
and shows that the suprarenal cortex and medulla, although different
embryologically, are anatomically and ohysiologically interconnected.

The identity of the osmophil-positive cortical secretion was
egﬁgblig@ed}in Part  using a new histological biocassay technique.
It was shown toc be sugar-active corticoid material liberated during
the counter-shock phaée df the“éiéimrreéction. | &his finding was an
important one, since it brought the investigation into line with
Selye's adaptation syndrome and offered an explanation for the use of
cortical extract in the control of shock following removal of a
chromeffin tumour,

The posegibility that hypertension and rheumatoid arthritis are
diseases of adaptation and result from chronic endocrine overdosage,
is considered in Part 4. - Definite vasqglar lesions resulted from
degoxycorticosterone acetate implants into rats and there is a striking
similarity between those lesions and the ones produced by Byrom and
Wilson (1939) using a modified Goldblatt clamp., A close relationship

appears to exist between renal ischaemia and suprarenal cortex,and an
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attempt is made to represent this in diagrammatic form (page 89).

The last section (Part 5) describes an attempt to provide direct
evidence for the adaptation theory of hypertension., Although
unsuccessful in this respect the experiments uncovered changes in the
animgl suprarenals siﬁilar to those seen in the Waterhouse-Friderichsen
syndrome and the investigation has helped to clarify the aetiology of
this puzzling condition. |
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PHAXOCHROMOCYTOMA.

The following technical and pathological problems, mentioned in
the introduction, will now be discussed in more detail:

1. THE CHROME REACTION IN THX DIAGNOSIS OF ADRENAL MEDULLARY TUMOURS

WITH AN IN-VITRO DEMONSTRATION AND EXPLANATION COF THE REACTION.

Various methods have been employed to demonstrate the pressor
substance in adrenal medullary cells. Osmic acid vapour (Craumer,
1918) and silver impregnation methods give excellent results, but the
osmic vapour method has the disadvantage thet it slso demonstrates
lipoid material in the adrenal cortex (sée Parts 2 and %), and has led
to erroneous interpretations (Cramer, page 44). The silver impregna-—
tion technique was found to be quite satisfactory following proper
fixation. When formol-corrosive was used, no granules were seen in
the cells, but chrome-fixed material stained by a modification of
Bielschowsky's silver impregnation method showed the adrenslingranules
as black deposits (Fig. 1). Nevertheless, the method of choice in
the pathological investigation of phaeochromocytoma is undoubtedly
chrome-fixation followed by Giemsa staining, -

In 1865, Henle found that the medullary cells of the adrenals
turned brown on being left in a solution of potassium dichromate for
hardening purposes, and believed that this was due to the formation of
-8 chemical compound of chromic acid with some substance in the supra-
renals, Ogata and Ogata (191€), using test tube experiments with

dichromate, showed that the brown precipitate was an inorganic
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substance which they believed to be chromium dioxide, according to

the following reaction:
KoCrg07 +  4HoO - 3(0)
Crpo(OH)g + KoCro07 = 0r0z0r,03 + 3Hp0 + Kp0r0,

Cro(OH)g + 2KOH

Sesqui and trioxides of chromium,
They showed also that the reaction was most marked in a
neutral medium, acid or alkali interfered with it.

Fixation of Tissue: Thin slices of tumour tissue should be

fixed in a solution containing potassium dichromate, and fixatives
such as Orth, MlUller and formol-dichrowate give good results. M@ller
fixation was used in two cases in my series (NWos. 1 and 2). Thin
slices of tumour tissue were placed in }9% neutral formalin for

4 to 6 hours then transferred to Miller's fluid for 14 deys, with

—— -

frequent changes. Although the method gave an excellent chrome
reaction, fixation of tissue was poor, and the tumour cells were
disrupted a¥W£he sinuscids and vacuoiated spaces (Fig. 2). In view
of thig, formol-dichromate fixation was used in the remaining cases
when thin;;iices ofbthe tumour were placed in a solution of equal
parts 10% neutral formalin and 5% potassium dichromate for 48 hours.
The solution was changed once during that period and the tissue
treated subsequently with 5% potassium dichromate for 14 days.
Dehydration and paraffin impregnation were carried out in the usual

manner, This method gave excellent fixation as well as providing

suitable materisl for the chrome reaction (Fig. 3).

Staining of Chromaffin Tissue: Brownish~yellow granules were

seen in the cytoplasm of the cells after chrome-fixation, and when
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the method described by Schmorl (1928) was used subsequently, excellent
results were obtained. Details of the method are as follows:- the
sections were treated for 24 hours with a dilute soiufion of Giemsa
stain prepared by adding 100 drops of Giemsa solution td 100 c.c. of

distilled water, They were then washed in distilled water until the

-purple colour of the section assumed a pinkish hue. Differentiation

was carried out quickly in 0.25% acetic acid, and more sglowly in 93%
alcohol, after which they were cleared and mounted in the usual
manner., Using this technique the granules in the cytoplasﬁ of the
cells stained dark-green, the nuclei violet, and the red cells pink,
Since differentiation with 0.25% acetic acid tends to be too rapid, it
was suggested that this stage could be omitted (Sevki, 1934), and in
the present series it was found that better control of differentiation

could be obtained using 93% alcohol alone. Rapid differentiation with

<acetic acid or over-differentiation with 93% alcohol caused the

chromaffin granules to lose their green colour and return to their
original brownish-yellow colour. This result of over-differentiation
has been observed by others (Zdward , 1937; Hick, 1933). Neither
Schmorl's method nor Sevki's modification gave good nuclear differen-
tisation and this was achieved in the nresent series by treating the
sections with an agueous solution of 0.5% potassium vermanganate for
two minutes, decolorising in 1% oxalic acid, and then staining with
dilute Giémsa stain as above. The nuclei of the cells stained in
this way appeared more distinct and were pale-blue in colour, the

granules in the cytoplasm now appeared olive-green, and there was not

the same fendency for them to revert to the original brownish-yellow
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colour, In addition, differentiation could be more easily controlled.

Duration of a Positive Chrome Reaction after Death: Since the
presence of a pdsitive chrome reaction plays such an important part in
the diagnosis of chromaffin tumours, it was important to know the
length of time the reaction persisted in the tumocur cells after post-
operative removal or death. The present series of cases shows that
the granules were clearlv demonstrable up to 5 hours after death
(Fig. 3, Case 4),‘but not after 12 hours (Case 5). Thus, materials
should be ‘examined within 5 hours of operation or death for the

demonstration of a positive chrome reaction,

Explanation and in-vitro Demonstration of the Chrome Reabtion:

Chromaffin tissue elaborates a pressor substance, adrenalin, which is
also a powerful reducing agent. If this tissue is fixed ?n a
solution of potassium dichromate, the latter is reduced to a mixture
of gggqui and trioxides of chromium, which are deposited in the
cytoplasm of theichiomaffin cells as brownish-yellow granules. When
the sectibn is stained with Giemsa solution, a physico—chemical
combingtion results between these sranules and the methylene blue of
the stain, and the colour produced will depend on the proportion of
both substances present. _The sections, when removed from the stain,
have a purple colour due to a predominance of the methylene blue-
eosin components of the Gieusa, but after washing with water, the red
blood cells and fibrous septa take up the eosin and stain pink. The
excess methylene blue is removed by differentiation with 93% alcohol
and eventually an optimum concentration of chromium oxide-methylene

blue is formed. This yellow-browm-blue mixture gives rise to the
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green colour of the granules as shown in the following equation:-
Cr04Crp03 + Methylene Blue ===(cr030r203) (Methylgne Blue)
Yellow Brown Blue Green

The fact that the change is reversible is shown by a return to
the original "dun" colour if the section is further differentiated by
93% alcohol until all the methylene blue is removed. Thus it is
seen that the oxides of chromium deposited in the phaeochromocyte
cell act as a mordant so that the cell can retain the methylene blue
component of the Giemsa stain. The part played by potassium
permanganate is not understood, It appears to oxidise the chromium
oxides to a stable form which, acting as a more effective mordant,
renders the chromium—oxide~methy1ene blue mixture more stable. In‘an
endeavour to prove those points, attempts weré made to reproduce“the
reaction in-vitro using cloth for fﬁeﬂpurpose. The first difficulty
Wés in finding a sultable medium which would retein the chromium salts
after their reduction. Linen and cotton matsrial proved useless but
white flannel was satisfactory. | A small piece of flannel (Fig. 4)
was soaked for two hours in 10 c.c. of a solution of 1:1000 adrenalin
hydrochloride, then placed in a mixture of equal parts 5% potassium
dichromate and 10% neutral formalin for two days. A brown colour
was produced similar to that seen in sections of the tumour. The
cloth was washed in water, treated with 0,5% potassium permanganate,
decolorigsed in 1% oxalic'acid; and stained with dilute Giemsa for
two days. Differentiation was carried out in the usual way when the

typical green colour was produced, and prolonged differentiation

failed to reproduce the original "dun" colour unless the Permangsnate
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step was omitted. The process was repeated, but the original treat-—
ment with adrenalin omitted, and a blue colour was produced similar to
that seen in tumours with a negative chrome reaction.

The flannel in the experiment acted in the same manner as_the
phaeochromocyte cell, first holding the adrenalin solution and later
the oxides of chromium which were formed. It was not possible to
reproduce the action with cotton or linen, which are carbohydrate
materials and, since flannel is a protein substance, the result
suggests that adrenalin must be linked to a2 protein molecule before
a positive chrome reaction can be produced. In view of this it is
extrenely probable that adrenalin is held normslly in the medullary
cell as a protein complex. The experiments were repeated with other
reducing agents: 10 mg.% sodium hydrosulphite and ascorbic acid.

Both gave the typical green colour with Giemss but in neither was the
reaction so marked as with adrenalin. Accordingly, it must be
appreciated that the chrome reaction is not necessarily specific for
medullary or rather chromaffin tissue, but depends on the presence in
the cells of a powerful reducing agent (adrenalin or its precursor),
which has the ability to reduce potassium dichromate and fix the
chromium oxides so formed in the cell. Since the medulla of the
suprarenals, carotid body and para-zortic glands are the only tissues
which elaborate such a reducing agent, the reaction has come to be
regarded as specific for chromaffin tissue,

2. THE DISINTEGRATION OF THZ PHAZOCHROMOCYTE CILL AND THE LIBZRATION

OF THE PRESSOR SUBSTANCZ INTO THX BLCOD,

Interesting results were obtained when the clinical and



’pathological aspects of two operation céses (Nos. 1 and 2) in the
series were compared. Both patients gave a history typical of the
adreno-sympasthetic syndrome. One of them (No. 2) received adequate
premedication, the ansesthetist encountered no difficulties, énd there
were only two slight rises of blood pressure during the operation.
The systolic blood pressure rose to 180 mm.Hg. when the incision was
made and again to 220 mn.Hg., when the tumour was handled. The
patient's condition was satisfactory following the operation and her
convalescence uneventful,

When the adrenal tunour was examined from this case, it was
found that many of the blood-capillaries were composed of irregular
spaces lined by a reticular basement membrane, while others consisted
of large sinusoidal spaces lined only by tumour cells (Fig. 5). The
cytoplasm of the cells was finely granular (Fig. 6), except in the
neighbourhood of the sinusoidal spaces, where they were vacuolated and
free from granules (Fig. 7). The presence of granular phaecchromo-
cyte cells in the sinusoidal spaces (Fig. 8) and efferent veins (Fig.
9) hgs aroused considergble interest. It is extremely unlikely that
their presence was due to incomplete fixation as was believed origin-
211y when MHller-fixed material waes used, since they were found in
Mlller, formol-corrosive and neutral formalin-fixed material, and it
it very probable that they were dislodged into the blood vessels when
the tumour was handled.

The other case (Case No. 1) did not receive adequate preuedica-

tion and, as a result, the anaesthetist had to deal with a nervous and

apprehensive patient, who developed a hypertensive attack during the
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ocperastion. He was extremely collapsed after the operation; and his
systolic blood pressuré regigtered less than 50 mm.Hg.”/ The vascular-
ity and general appearance of the cells of the tumour were similar to
those describéd, but Giemsa staining showed that only a few cells were
grénular. Some of them were vacuolated, but wmany had a homogeneous
green coloration of the cytoplasm. No zranular tumcur cells were seen
in the blood vesseles, but the serum in the sinusoidal spaces and
efferent veins was stained green (Fig. 10). Since in-vitro experi-
ments (page 10) showed that adrenalin could produce this character-
igtic colour With Giemsa's stain, it indicated that the fluid in the
adrenal veln was adrenalin. It was possible to follow the disinte-
gration of the cells in the few areas Wheré granular phaeochromocytes
were seen (Fig. lla and b). The cell at first had the appearance of
a mulberry, but as the pressor substance was liberated, clear spaces
appeared in the cytoplasm; eventually these spaces coalesced and a
large non-staining inclusion vacuole was formed. This cell does not
represent an intermediate phase in the secretion of the phaeochromocyte,
as suggested by Howard and Barker (1937), but a terminal one.

Then the pathological and clinicel aspects of the two cases
are compared, it is seen that in one, the tumour was in a state of
inactivity, represented by the granular appearance of the phaeochromo-
cyteg in the other, the patient had a paroxysmal reaction and the
tumour was seen to be in a stage of great activity, granular phaeo-
chromocytes were present in varying stages of disintegration and

resulted in the liberation of the pressor substance directly into
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the blood stream. The arrangements and character of the sinusoidal
spaces facilitated this action. Thug, the pressor substance formed
by the ohromaffin cells existe there in a granular inactive form which -
disintegrates to liberate the pressor substance directly into the
blocd via the sinuscidal spaces. The liberation of adrenalin
accounts for the paroxyéms of hypertension which occur in the adreno-
sympathetic syndrome,

3. THE ASSOCIATION OF PHAEOCHROMOCYTOMA WITH HYPERTENSION.

Disintegration of the phaeochromocyte cell, with liberation of
the pressor substance into the blocd stream , gives rise to attacks
of paroxysmal hypertension which are the basis of the adreno—
sympathetic syndrome. In the earlier cases (Manasse, 1893) no
mention was made of the relationsghip between these tumours and hyper-—
tension, but Fishberg and Oppenheimer (1924) noted 5 cases of chroma-
ffin tumours with adequate blood pressure measurements or other
evidence of hypertension, and Rabin (1929) added a further 4 cases
in which the hypertension was independent of renal disease. In a
review of 53 cases Eisenberg and Wallerstein (193%2) found 25 of them
associated with hypertension and recogniseg?%Ee hypertension might
be paroxysmal or persistent in character. Laubry and Bernal (1934)
aleo described two distinet phases in the hypertension»of chromaffin
tumours; in one "the blood pressure was normal between attacks, and
in the other the crises of pressure increased and occurred with greater

frequency. Zventually it became persistent and menifestations of

renal leegions and subsequent organic changes developed," Progression
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-of the paroxysmal to permanent variety has been recognised alsc by
Boman and Wells (1937), and Van Zpp et al (1940) believe that the
paroxysmal variety "may progress so far as to czuse death from
irreparable vascular damage." In a review of 135 publiszshed cases

-

ghown in the following table, I found the Bicod nressure M= PEIDI—~
ysmal in 76, persistent in 8 and normal in 1. The terz hyperten—
sion was mentioned in 12 cases, but it was not possible, from the

data available, to decide whether it was paroxrsmal or conbtinuous im
type. No mention of blood vnressure was made in 23 cases zad it wmss

impossible to classify then.,

Relationshiv to Hypertension in 1%

-
s

CaRes.

(Blacklock and symington, 1947)

Present series

from literature Eisenberg
since 1936, and
including our Tdward Wallersteln

own six cases, (1937). (1932), Total.

No. of Cases 49 34 e 135
Paroxysmal

hypertension 39 21 . 16 76
Persistent

hypertension 4 3 1 8
Hypertension

only mentioned,
no B.P. readings

given 0 5 4 12
No mention of
hypertension 1 1 21 23

Normal blood
pressure oOr B
hypotension 5 4 7 16

Table compiled from cormes shown in Tablen 1 to %,
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0f the 76 cases of paroxysmal hypertension accurate blood pressure
readings were available in 53 and, of these, 20 showed a persistently
raised pressure, rising further during paroxysmal attacks. The
figures differ slightly from those recorded by Green (1946). I
considered hyperfension present when the sysetolic pressure was 140 mm,
or over and the diastolic 100 mm. or over. Green, on the other hand,
considered hypertension present when the interval blood pressure was
either (2) 140 mm. systolic and 90 mm. diastolic, or (b) 95 um,
diastolic. From the above data it is evident that paroxysmal hyper-
tension can be subdivided as follows:=—

(A) Cases in which the interval blood pressure was within

normgl limits,

(B) Cases in which the interval blood pressure was

persistently elevated.

If a patient in Group (A) lived long enough there was a tendency
- for the interval blood pressure to become elevated, but paroxysms of
hypertension were still superimposed and their recognition served as an
aid to diagnosis.

Fersistent hypertension without any evidence of paroxysms was
seen in 8 cases. The blood pressure and clinical features of this
group are indistinguishable from those of essential hypertension and
unless a palpable tumour is present the diagnosis in this group is
ususlly made at post-mortem.

In view of the remarkable success of surgery, it became import-

ant to discover the extent of vascular damsge done by these tumours,



and the final stage at which surgical intervention was likely to prove
succesgsful.
The following points were noted as they applied to cases in the
paroxysmal and persistent grdup.
1. The return to normal of dlood pressure and retinal changes
in suoceésful operation cases.,
2. The histological appearance of kidney, heart and spleen in
cases dying with or without operation.
Details of cases giving this information are shown in Tables 4
to 6. Thereas the pathological information from the last point
would serve as an indication of vascular damage, the clinical informa-
tion from the first would give an indication of the reversibility of

the vascular lesions,

" GROUP 1. CASES OF PAROXYSMAL HYPHZRTENSION,

(A) Interval Blood Pressure Normal. (Table 4).

Only 9 cases in this group gave the required information about
the retinal vessels or kidney damage and they are shown in Table 4.
In 211 successful operation cases in this group there was an immediate
return to normal of the systolic and diastolic blood pressure.
Information waé given about the retinal vessels in 8 cases, 4 of them
survived the operation gnd the vessels returned to normal in 2 (Rodin,
1945; Biskind et al), but no mention was made of the post—-operative
state of the retina in the other 2 (shipley and Pincoff, 1929; Zngel,
Mencher and ingel, 1942, Case 1). The remaining 4 patients died

without any surgical interference (Howard and Barker, 1937; Wells










































































































































































































































































































































































































































































































































