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INTRODUCTION,

ADDISON'S  DISEASE.

In 1855 Thomas Addison published his monographz"ﬁn the
Constitutional and Local Effects of Disease of the Supra-
Renal Capsules”,

Though some doubt was expressed concerning the
slgnificance of disease of the suprarenal glands in several of
the eleven cases described by Addison (Wilks (1862), Habershon
(1864 ), Greenhow (1866)), the work nevertheless stimulated
experimental research and further clinical observations.
Addlson undéubtedly realised that he had only touched the fringe
of the subject for he.éxpressed the hope that"by attracting the
attention and enlisting the co-operstion of the profession at |
large, they (the facts) may lead to the subject being properly
exsmined and sifted, and the enquiry so extended as to suggest,
. at least, some interesting physiologlcal'speculations; if not
still more préctical inaicétionsu | |

In describing the cases reported by Addison and by
others, Trousseau(1856) first used the term Addison's disease .
and in 1869 the more elaborate if academic title of "Morbus
A&disoni, idem Valent Cutis aerea, melasma Addisoni" appeared -

in the first edition of the "Nomenclature of Diseases'published

by the Royal College of Physicians of London.

CLINICAL MANIFESTATIONS.
In his original communicatlon addison(1855) described

the disease és characterised by "Anaemia, general languor or



~ debility, remarkable feebleness of the heart's aetidn,
irritability of the stomach,_and a peculiar change of colour
in the skin."”

| While the disease may arise suddenly, the onsét is as
& rule very gradusl. The usual history is of asthenia and
anorexia, with or without‘resflessness and depression. Most
patients report hypersensitivity to cold. This stage may be
described as the latent phaée for very often no signs accompany
these symptoms and the diagnosis is difficult to establish
without special biochemical investigations. '

As the.disease progresses typical-gastro~intestinal
and cerebral disturbances dévelop. The former are characterised
by anorexia, nausea and vomiting or diarrhoea; there is usually
some complaint of abdominal pain or lumbar’tendergess and loss
of waight. The thef cerebral manifestations are'faiﬁtness,
insomnia, depression, yawning, hiccoﬁgh and photophobia. The
chief signs are pigmentation of the skin and mucous membranes,
low blood pressﬁre, weék rapid pulse and faint heart sounds.

‘The stage of acute adrenal insufficiency or crisis may
aerise suddenly in a patient already known to have Addison's
disease, or 1t may herald the disease for the first time.
The crisis is characterised by acute attacks of vomiting or
’dlarrhoea, hiccough, abdominal pain so severe as %o simulate
sn acute abdomen. Generalised muscle tremors and convulsions
are common and the blood pressure may be so reduced that 1t may
not be possible'to record it. If the paﬁient is not prompﬁly

treated he will pass into coma and death will ensue within

)

12 hours.



PATHOLOGY.

Till 1930 tuberculosis of the adrenal glands was
considered to be responsible for 80 - 90% of the cases of
Addison's disease (Snell (1934)). Analysis of the more
recent post-mortem reports indicate that in 57% of the cases
atrophy of the suprarenals was found (Wells (1950)), Gragg (1940)),
The cause of the atrbﬁhy is not at present known. In contrast
with tuberculosis, the atrophy begins in the cortex and
compresses the medulla. It is possible that some of these
cases may follow primary atrophy of the anterior lobe of the
pituitary gland. Haemorrhagic infarction, tumours and
syphilis of the supra-renais have~been reported; excelient
résumés of the histo-pathology of Addison's disease have been

published by Barker (1929)paul (1931)and Hall and Heinken (1936).

*

CHEMICAL PATHOLOGY.

Many sattempts have been made to correlate the clinical
manifestations of Addisdn's disease with physical and chemical
alterations in the body fluids. Extensive investigations of a
similar natﬁre have been carried out on adrenalectomised animsls,
Addison's disease has never been completely repro&ueed in
experimental animals for when the'suprarenal glands are removed
lthe enimals do not become pigmented. Moreover it is possible
t0 maintain these animals in perfect health over an indefinitq
period'by suitable réplacement therapy. This cannot be said of
patients with Addison's disease for in spite of the best
ﬁreatmant available, they still remain'pigmented and do not

regain their normal stamina and full physical strength.
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Nevertheless very valuable information has been gained from
initial studles on animels, which has been substantisted later
by clinical observation. The ohief direction in which the
investigation of adrenal insuffiéiency has been pursued has
centred on the study of renal, carbohydrate and electrolyte
metabolism.

Renal Metabolism.

From their work on adrenalectomised animals Harrison and
Darrow (1938) suggested that an alteration in rensl function
would account for the decreased ures clearance, increased sodium
excretion and retention of potassium, ures and phosphate in the
blood. To a certain extent this is confirmed by the results
of Willson and Sunderman (1939) on patients with Addison's
disease. While there is no doubt that there is some
disturbance of renal function in both experimental and clinical
adrenal insufficiency, the indications are that it represents
only the renal effects of some more profound changes within the
body as a whole. No histologiecal changes in the kidney have
yet been observed in either experlmental animaksor in patients
with Addison's disease. Gersh and Grollman(1939). and Swingle
(1938) have shown that the rensl function is largely restored
by the administration of sdrenal cortical compounds. This
oonélusion is éupportéd.by the creatinine clearance studies
made by Msrgitary -Becht and Gomori (1938). Whether the
aitr&-renal cause is.due to alteraﬁion in blood concentration

and renal blood flow as suggested by Stahl, Kullman and Urban

(1938) remains to be confirmed.
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Carbohydrate Metabolism.

Many studles havé.been made of cérbohydrate metabolism in-
adrenalectomised animals and the results indicate that a low
blood sugar and diminished liver and muscle glycogen storage are
characteristic (Britton and Silvette (1932); Long, Kazin and
Fry (1940); Kendall (1940)). This derangement of carbohydrate
metabolism is chiefly brought about by & decrease in the rate
of formation of dextrose from endogenous protein and by an
impairment in the synthesis of dextrose. (Buell, Anderson and
Strauss (1936)). It is noteworthy that a normal carbohydrate
metaoolism'is regstored when the animéls are injeeted with either
cortical extract or certain steroid hormones.

| Porges (1909) was the first to draw attention to the
low blpOd sugar le#el'in Addison's disease but according to some
reports this is by no means‘a constant factor. In a recent
analys;s of a large series of cases Kepler and Wilder (1938)
‘have shown that the blood sugar level is usually within normal.
limits end is only occasionally subnormal. OCrooke and Russellf1935)
examined a number of pituitary glands from cases of Addison's
disease and feported that the number of basophil cells in the
anterior 1ob;'was.greatly reduced; they suggested that this
cytological abnormality was an important factor in the
disturbancé of carbohydrate metabolism. This conclusion cannot
be wholly sustained as Rhind and Wilson (1941) have shown that
where digbetes mellitus is associated with Addison's disease,
_there is still a decrease in the basophil‘cells of the anterior

pltuitary gland. At present it is a matter of conjecture whether



8.
L]
the disturbance in carbohydrqte metabolism is diresctly attributable

t0 the adrenal cortex or to the anterlor pituitary gland.

Electrolyte and Water Metabolism,

The experimental work of Loeb(1932) which followed that of
Baumann and Kurland(19z7) and of Marine and Baumann(1927) has
been concerned with the study of the weakness, dehydratibn and
hypotension which occurs in adrenalectomised animals. He found
that invthese animals there is an increase in blood concentration,
a decrease in serum chloride and bicarbonate, and an appreciable
and constant low level of serum sodium, The output of sodium in
the urine was sufficlently increased to indicate not only a loss of.
sodium from the blood but also from the interstitial fluid.
Harrop(1933) confirmed these findings and showed that there was
also an increase in serum potassium, |

‘The stage of acute adrenal insufficiency or crisis in
patients with asddison's disease is characterised by a shock-like
state which is associafed with a loss in blood volume, diuresis,
and sn increassed output of sodium in the urine. as he found it
-~ difficult to attribute the peripheral circulatory collapse entirely
to a loss of fluid, Loeb(l936) suggested that ﬁhe production of shock
wes due to some interference with the control of the vascular bed.
Swingle and co-workers(1938) considered the picture to be very
similar to the collapse produced by histamlne and concluded that
the mechanism of shock was due to loss of capillary tone. They
considered that the beneficial effects brought about by treatment

with cortical extracts were due to restoration of capillary tone.




The recent work of Menkin (1940) supports this conclusion for
he showed that extract of adrenal cortex inhibits the
dilatation of capillaries which follows the subcutaneous
injection of leukotoxin and tissue exudates.

The hypothesis that the symptoms of Addison's disease
are due to toxaemisa has been advanced on various occasioﬁs since
Brown-Séquard (1856) described his experiments. He held the
view that when'the adrenal glands are removed the blood becomes
toxic. Abelous and ILangelois (1892) considered that a substance
similar to curare is produced in the muscles and is normaliy
destroyed by the adrénal glands; in the absence of any adfenal
cortex the substance is free to act and produces the picture
gseen in sdrensl insufficienecy. Shortly afterwards Myers(1898)
- showed that by incubating cobra poison with an emulsion of
guinea pig adrenal cortex, the cobra venon beeame'inactivated
and no 1onger produced its chargcteristic toxic effects; work
of a similar nsture has been described more recently by Perla
and Marmorston (1933). Since cobra venom liberates large
amounts of histamine from the lung (Feldberg and Kellaway(1939))
this is probably the mechahism of the toxic action of thg venom.
Not only are sdrenalectomised animals more sensitive to cobra
venom snd to histamine (Lewis(1923), Perls and Rosen (1935))but
it has also been shown by Rose, Kerady and Browhe (1940) that
there is an acéumulation of histamine in the tissues of '
adrenalectomised snimels and that the histaminase activity of the

lung is decressed. The latter workers have observed that in
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such animals the ability to insctiwate histamine as well as the
histgminase actiyity of the lungs are restored to normal by the
adhinistration of adrenal ecortex extracts.

It is possible, therefore, that histamine may play an
important role in the pathology of adrenal insufficiency and
that the hormones of the adrenal cortex perfdrm some specific

anti-nhlstamine function.

SCOFE OF THE PRESENT INVES PIGATION.

The work about to be deseribed is an account of the
investigations made by the author into the chemiﬁal pathology,
diagnosis and treatment of Addison's disease.

The first part describes the experimental investigation
of the role of nhistamine in the blood of adrenslectomised
animals and the éffect of extract of adrenal cortex on the
blood histamine level of fthese animals.

The second part is concerned with the investigation of
‘patients with Addison'é disease with particular reference to the
distripution of histamine in the plasma and blood cells of these
patients. An attempt is made to correlate these findings with
the hypotension and clinical condition of the patients.

The diagnosis of Addison's disease is discussed in the
third part and a description is given of the various methods of
assessing adrenal insufficiency.

The foﬁrth part concerns the occu;rence'of other
endoerine diseases in assoclation with Addison'™s disease.

A raré case of Addison’s disease associated with diabetes
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mellitus is descrpibed.

The treatment of Addison;s disease is described in
the fifth part and an account is given of some observations on
the efficacy of desoxycorticosterone acetate.

Conclusions and Summary are followed by an Appendix
contalning details of some of the metnods and diets employed

in the investigations.



1z,

PART ONE.

THE ZEFFECT OF ADRENALECTOMY ON THE BIOOD
HISTAMINE OF RABBITS.
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THE EFFECT OF ADRENALECTOMY ON THE BLOOD KIS PAMINE
OF RABBITS.

INTRODUCTION.

In 1912 Dale and Laidlaw first demonstrated the sensitivity
of animals to injections of histamine. Eight years later Dale
(1920) pursued his earlier studies by showing that the
adrenalectomised cat was'éxtremely sensitive to histamine, but
recognised that it was impossible by his experié@nts,to'determine
whether the decreased resistance to nistamine was due to absence
of the medullsa or of thé cortex, |

Working with perfused organs Dale;and Richaras(1918)
suggested that one function of adrenalin might be to maintain the
tone of the capillaries fdr such tone might depend on the
relative amounts of histamine and adrenalin present. | Kellaway
and Cowell(1922) developed this theory of antagonism between
adrenalin and histamine by showing that histamine injected into
partially and completely adrenalectomised cats causes an
acceleration of secretion from the medulla of the adrenal glands,
They further observed ﬁhat while hesemo-concentration is a feature
of adrenslectomised cats and of/normal cats injected with histamine,
there wss no direct éviﬁenee that'the blood concentration in
adrenal insufficiency is due to nistamine, as loss of cortex alone
produces this condition. -~ Perla and Gottesman(1929) regarded the
proteetivé action of adrenalin against the damage caused by
inoculation of nistamiﬂe as a hormonal effect and not}entirely

dependent on the pharmacological sntagonistic action of adrenalin
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to histamine, They showed that the sens itivity of adrenalectomised
animals to histamine can be lessened if adrenslin is administered,
but this obtains only if adrenalin hus been administered repeatedly
for some time before the inﬁection of histamine. Experimenting on
rate Wyman(1938) claimed that the decreassed resistance to histamine
was due to removal of the medulla. | '
On the other hand Ingle(1937) streased the importance of
adrenal cortex in maintaining normal resistance to injections of
histamine and pointed out that while removal of the medulls alone
lowered resistance to nistamine, a much lower resistance resulted
from complete extirpation of the adrenal glands. He further
observed that adrenalin increased the resistance of rats in which
the medulla had opeen destroyed bput that cortical extract did not

have a similar effect. Scott (1928) considered that the increased
susceptibility to nistamine was due to lack of cortical tissue and

suggested this as a basis for the assay of cortical extract. Such

an assay was later suggested by Perla and tottesman(1931).

f08e snd Browhe (1938) injected histamine intravenously into

normsl and adrenalectomised rats ana showed that the rate of

disappearance from the blood was much slower in the adrenalectomised

animals.
As no study appeared to have been made of the effect of the

adrenal cortex on the blooa histamine level of animals, 1t seemed

importent to determine whetper histamine could be formed in the

absence of the adrenal cortex. All the previous workers hsd

injected histamine into the animals. It was further conslidered

desirable to ascertaih what influence, if any, COTtiQal extract has

on the plood nistamine level of adrenalectomised amimals.
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In designing this investigation it was decided to study the .
effect of adrenalectomy on_thg whole blood of the rabbit. Rabbit
blood is relatively rich in histamine so that smsil quantities
suffice for histamine assay. This is of considerable importance

where blood has to be withdrawn at intervals from an adrenslectomised

animal. There are technical difficulties associated with the
sepsration of plasma in rabbit blood and it was decided that

histamine values of plasms should not be attempted in. this study;

METHOIB o

Male rabbits 3-4 months old were used in all the
experiments. The ansesthetic was ether and anaesthesiavwas slowly
induced using a gauze covered wire net conical mask. Adfenalectomy
was perfofmed in a one-stage operation details of which are
described in Appendix(pége 110).  Immediately after the operation
the animals were given 3.5 c.c. 5% sodium chloride intrannously and
l’é.c. cortical extract subcutaneouslye. The rabbits were
maintained for 2 days after operation on a diet of cabbage, oats
end bran with 2-3 c.c; cortical extract subcutaneously daily. The
cortical extract used was "Cortin Organon”, 1 c.c. extract
equivalent to 50 gm.'frash suprarenal gland.

Samples of blood (2 - 2.5 c.C. ) were taken by cardio-
puncﬁure from the left side of the heart. No anticoagulant was
used; whole blood was immediately extracted by the method of
Anrep, Barsbum, Talsat and Weininger (1939).  The histamine was
assayed on the isolated gut of the gulneé—pig according to Code's
 (1937) modification of the method of Barsoum and ngaum.

The arterial blood pressure in the ear vessels wa.s

determined by the capsule of Grant and Rothschild (1934).  The
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rabbits were kept at rest in quiet and warm surroundings before

each determination of blood pressure and the mean of 10 evalﬁations

was taken.

RESULTS .

I. The effect of adrenalectomy on the blood histamine,

Twelve hours after wiﬁhdrawal of cortical extract all the
rabbits showed signs of adrenal-insufficlency, indicated by thirst,
anorexia, weakness and diarrhoea. .Contrbl animals which were
subjected to similar operative technique, but without removal of
the suprarenal glands, were gi¥en the same treatment. The blood .
‘pressure recording showed considerable variation‘(Table I) but in
eack case the blood pressure fell after adrenalectomy, and the

histamine content of the blood was raised.

 PABIE I, The effect of adrenslectomy on the blood histamine

and blood pressure (rabbit).

Blood histamine. Blood pressure
(ug./cec.) i (mm. /Hg. )

o Before After % Diff- Before  After
~Animgl adrenal- adrenal- erence. adrenal- adrenal-
No. ectomy. . ectomy. ectomy. ectomy.

1 . 16,7 . 263 76-78 70-72

gl 2.2 662 32 82-84 70~74
901 -Da0 6.4 28 64 45
231 1.9 2.3 21 66-68 _  46-48
251 0.9 242 145 82~-84 16=-20
401 2.7 11.5 326 - --
Controls Before After Before After
‘ operation operation operation - operatlon
483 3.3 249 - 12 68=170 68-70
493 2.9 2.5 - 14 70 68

473 3.8 3.8 - 70 70
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II. The effect of cortical extract on the blood
histamine level of adrenalectomised rabbits.

The effect of cortical extract was observed on six rabbits
which had been adrenalectomised, and had received no cortical
extract for at least 12 hrs. Blood was withdrawm at the intervals
specified in Table II. 1l c.c. cortical extract was given _
subcutaneously immediately after taking zero-hour samples of blood.
The level of blood histamine was lowered within 1 hr. in all cases
except in animal 25, The duration of fall varied, in the
observations made, from 3 to 24 hr. The histamine level at death
&asvincrease& inlfour animals, while in animal 05 there was s
marked decrease, though the animai died in typical bonvulsions.
Animal 52 femained alive for 7 days, but at autopsy no accessory
glands were apparent. The effect of cortical extract on the blood
bressure veried considerably. In all animals th?re was an incresse
in blood pressure after cortical extract had been given, but in no
animal did the blood pressure attain the value recorded before
adrenalqctomy.-

TABLE II. fThe effact of cortical extract on the blood histamine
‘ level of adrenslectomised rabbits.

Pime(hr.) o0 1 3. 5 8 12 15 24  Death

Animsl No. ‘Blood histamine (ug./cc.) .

52 6.2 B.a - 4.5 | 5.9
23 2.3 lod - 1.6 4.3
25 2.2 2.3 - o 2.7 4.5
03 6.0 = 4.3 6.9 : 6.1
05 8.6 - 65 | 6.8 4.2
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A further series of experiments was made to determine whe ther
cortical extract could prevent a rise in blood histamine if given
immediately after adrenaleétomy. Fi#e rabbits immediately after
,adrenslectomy were given 3.0 c.c. % saline intravenously, and 1 c.c.
~cortical extract subcutaneously. Blodd was withdrawn 6 hr, after
completing the operation, i‘his period was considered sufficient to
allow the animals to recover from the anaesthetic, The blood
histamine in_all an;mals which had received cortical.extract after

adrenalectomy was decreased 6 hr, after adrenalectomy (Table III).

TABLE III; The effect of cortical extract on blood histamine

6 hr. after adrenalectgmy.
Blood histamine (ug./ce).
Before After % Difference.,

Animal No. operation. operation,
38 40 2.3 -4645
39 . 2.90 1.8 - S =37.9
41 2.23 L7 -23.8
42 | 1.65 - Lle6 - 3.0
" , 1.60 S -] = -18.8
- DISCUSS ION,

Much attention has been paid to the protective mechanism
against the action of histamiﬁe. The insctivation of histamine
by the emzyme histaminase has been studied by Best and McHepry(1950)
.and others. On the other hand Anrép, Barsoum and Talaat(l936),
following the observation of WGLSS Ellis and robb (1929), and of
Jacobs and Mason (1936), have shown that "when histamine is glven

by slow intravenous injection to dogs it does not remain in active
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form in the plasma". They stated that the histamine is, in part,
rendered physiologically inactive by being taken up by the red blood i
cells. Later, Code (1938) pointed out that, while the white blood |
cells carry the major part of the blood histamine during anaphylactic
shock in dogs, the plasma contains the greater part of histamine at
the pesak of reaction. In their experiments with rats, xose and
Browne (1938) made interesting comparisons of the fate of intravenously
injected nistamine in normal and adrenalectomised animals. They
found that at the end of 3 hr. the amount of histamine in the

blood of the normal rat was 0.2 ug./cec., whereas in the adrenal-
ectomised animal it was 7.0 ug./cc. VWhile they stated that the
initial blood histamine level in the normal rat is 0.b ug./cc. they
do not appear to have determined the corresponding level in the
adrenaslectomised animal. The evidence produced by the experiments‘
here described indicates that an explanation of the deérease in the
rate of disappearance of histamine injected into the adrenalectomised
rats msy be due in part to sn inecrease in the initial blood histamine
level, The use of cortical extract in the treatment of "shock™

hes been advocsted by Swingle, Parkins, Taylor and Hays (1938) who
stated that in circulatory collapse the cortical hormone exerts a
beneficial effect on the control of capillary tone. To determine -
whether histamine can be inactivated by cortical extracts observatiom
were made on the incubation in v1tro of histamine with cortical
extract. Solutions of pure histamine acid phosphate and extracts

of blodd containing histamine were incubated with cortical extract

at 3790, for 1 hour. No significant loss of histamine activity

resulted. It would thus appear that the reduction of the blood



0.

histamine level in adrenalectomised rabbits which follows the
sdministration of cortical extract is not directiy due to a destructim
of histamine by the cortical extract. The failure of the blood
pressure to return to & normal level after the injection of

cortical extract suggests that the capillaries have already

suffered some damage which cannot be reversed by cortieal

extract. Whether the higher blood level of histumine is

responsible for this damage is & point which it is important but

difficult to determine.

SUMMARY .
Adrenalectomy produces a rise in the blood histamine of
rabbits. Cocrtical extract given subcutaneously reduces the
blood histamine level of adrenalectomised rabbits within 1 hour.

This effect is maintained for a period of from 3 to 24 hours.
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PART T WO.

THE INVES PIGATION OF BLOOD HISTAMINE IN
PATIENTS WITH ADDISON'S DISEASE.
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THE INVES PIGATION OF BLOOD HISTAKINE IN PATIENTS WITH
ADDISON'S DISEALE, WITH PARTICULAR REFERENCE 70 THE
DISTRIBUTION OF HISTAMINE IN THE PLASMA AND BTLOOD CHEILS
OF THESE PATIENTS. |

Introduction.

This investigation was designed as a sequel to the
experimental work on rabbits, described in part 1. Thé purpose
of the study was to determine whether in Addison's disease the
bloo& histamine level differs from that in normal asdults and in
patients who have arterial hypotension but no evidence of
addison's disease, It was decided to determine the level of
histamine in the plasma and the distribution of histamine
between the plasma and the blood ce;ls in these groups of
patients. It was considered important to correlate these
findings with plood pressure readings, in order %o determine

what part, if any, histamine plays in arterial hypotension.

Me thods.,

Observations were made on 21 subjects. Of these 12
(Group A) were patients suffering from Addison's disease; 4.
(group B) were subjects with arterial hypotension who had
symptoms suggesting Addison's disease and had in fact been

sdmitted to hospital with the diagnosis of ? aAddison'’s disease,

The remaining 5 cases (Group ¢ ) were normal healthy individuals

resting in bed.
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Group 4. S pecimens of blood were taken 60 hours after
withdrawal of cortical extract Or DeC.C.i.
whichever treatment was being used for main-
tenance., The sample in Case 8 was withdrawn
during a "crisisv,

Group Bs Two of these patients .(Cases 23 and 24) were on
nbrmal diet and specimens were taken 3 hours after
breakfast. The other two cases (21, 22) had

undergone the Cutler, Power and Wilder Excretion
Test (see appendix p. 119.) for diagnosis of
addison's disease and samples of blood were
withdrawn on the third day of the test.

Group C. These patients were maintained on a normal
hospital diet and blood was collected three

hours after breskfast.

Venous blood was transferred to a wide-bore glass tube
containing Heparin as anticoagulant in the proportion of 0.03 cc.
Heparin (500 units/cc.) per 10 cc. blood. Haematoerit readings
were made after centrifuging at 3000 rev./miq. for 20 mins.

S gparate estimstions were made of whole blood, plasma and
combined red and whiﬁe cells, Plasma was carefully separated
from the cellular layers by a fine pipette. The different
fractions of blood were transferred quantitatively tq a stoppered
cylinder containing 5 ce. 10 trichloroacetic acid and the
subsequent technique for the extrasction of histamine was carried

'
out according to the method of Anrep,Barsoun, Talaat & Weiniger(19&)
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The assay of histamine wae made on strips of freshly
isdlated guinea pig ileum suspended in a bath of Tyrode's
solution containing 0.5 ug. atropine sulphate per litre, The
activity of these solutions was verified as being due to
histamine by one or other of the methods described in appendix.

| Blood pressure recordings were made from & mereury
Sphygmomanometer} the figure expressed being the average of six
weparate readings. The patients lay behind screens at rest for

30 minutes before blood pressure readings were taken,

» Results,
I. The concentration of histamine in whole blood of

patients with Addison's disease and of control subjects.

The histamine equivalents for whole blood are expressed in
Table IV . 1In Group A the values ranged from 4.5 ug./100 cc. to
61.0 ug./100 ce. with an average value of 15.6 ug./100 ce. In
Case 8 the blood was withdrawn during a crisis and shows a
remarkably high histamine content of 61.0 ug./100 cc. These
levels are considerably greater than for normal persons (Group C)
where the range was from 2.7/ ug./100 ce. to 3.9 ug./100 cc. with
.an aversge value of 3.4 ug./100 cc. The values in Group C agree
Wwith those found in normel subjects by Barsoum and Gaddum (1935)
and by Kwiatkowski (1941). In Group B the values for cases 21
snf 2% who had undergone the Cutler excretion test were 1l.9ug./10Ccc
snd 5.5 ug./100 cc. respectively while for the other two on normal
diet the equivalents were 0.9 ug./100 cc. and 4.4 ug. /100 cc.

The mesn increase’ of 372% in the blood histamine of
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patients with Addison's disease compared with normal subjects
supports the evidence found.in the earlier experimental work on
rabbits. Adrenalectomy of rabbits resulted in s mean increase of
136% in the blood histemine equivalent. Further as in rabbit
plood there is a variatiog in the individusl readings about the
mean, so too for patients with adrenal insufficiency there is a

wide scatter of the individual readings about the mean.
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TABIE IV. Showing the concentration of histamine in ug./lOO cC.
and in whole blood of patients with Addison's disease

and of control subjects.

Cace. Group. Histamine in whole blood.

ug./100 ce. Range ug./l00 ce. Average ug./l00c

Cases of Addison's disease.

1 A 24.0

2 X 11,1

3 A 14.0

5 F~-9 1108

6 Y 12,9

7 A 4.5

8 A 61.0

9 A 16.3
10 . 5.6 45 -~ 61.0 15.6
11 i 6.2

Cases of hypotension - not suffering from nddison's disease,

21 B 1.9
22 B 78]
23 B 0.9

24 B 4.4

0.9 = 545 3.2
Normal healthy subjects.

13 o 364

14 c 3ed
15 ¢ 3¢5

16 c 369
17 Cc 2o

2.7 = 3.9 - 3.4
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II. The concentration of histamine in plasma of patients

with addison's disease and of control subjects.

i‘he normsl level (Group C) of histamine in plasme
(Table V. ) ranged from 1.9 to 3.0 ug./loo cc. with'an average
value of £.6 ug./100 cc. These figureé are higher than those
found by Kwistkowski (1941) who gave = range of 0.5 to l.b ug./l00@c
In Group B the equivalgnts varied between 1,0 and 4.9 ug./100 ce.
with en average of 2.7 ug./100 cc. It is significant that
cases 21 and 22 gave values lower than the subjects 23 and 24
who had not undergone the Cutler Excretion Test.

The figures in Group i« show that the plasme histamine in
addison's diseacse is mubstantially greatér than in the control
groups. ihe equivalenté ranged from 4.3 to 23.7 ug./100 ce.

with a mean value of 9.6 ug./100 cc.
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rLBLE V. Showing the concentration of histamine in ug./100 cc.
in the plasma of patients with sddison's disease and
of control subjects.
Case. Group. Concentration of histamine in plasma.
ug. /100 ce. ‘Range ug./100 cc. lean ug./100 cec.
Cases of addison's Disease.
1 & 9.7
2 A 8.9
3 A 10.4
4 A Beb
5 A 8.8
6 A 12.8
7 A 4.3
8 A 317
9 A 6¢4d
10 A 6.0
11 A 6e2 4e3 = 2347 : 9.6
Caseg of arterisl hynotension -
not sulfering from addison’s diseace,
21 B 1.0
a2 B 3«42
23 B 1.7 “
24 B 4,9 1.0 - 4.9 2o
Normal healthy subjects.
13 c 249
14 ¢ Red
15 c 30
16 c 3.0 '
17 ] 1.9 1.9 -~ 3.0 ‘ 2‘6
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IITI. The relationship between plasma histamine and blood
pressure in patients with addison's disease (Group 4) and in

petients with arterial hypotension (Group B.)

Observations already made from Table V. that the histamine
level in plasma of Group B varies little from normsl subjects
indicate that there is probably no direct relatienship between
'plasma histamine and blood pressure levels. |

In Table VI. the figures for plasma histamine and B.T.
recordings are tabulated for each group; these facts are expressed
in a more graphic form in Fig. 1 where plasma histamine values
(abscissae jare plotted sgainst systolic and diastolic blood
pressure rezdings (ordinates). Even if it were assumed that the
cause of hypotension in Group B was different from Group A and
that the low B.P. in Group A wes due to histamine, there is no
definite evidence‘of any direct relationship between plasma
histamine level and hypotension. It is true that the diastolic
B.P. readings in Group A tend to fall as the plasme histamine
increases, put there is no such tendency apparent with the
systolic B.F. records. It is possible that after the initial
dumage to the cells has been effected by histamine, any further
increase in pleasma histamine would not necessarily entall a
further fall in systolic blood pressure. fuch & hypothesis
received some support from the observations made on the effect of
D.0.C.A. on the histamine content of plasma, where it was noted

that even affer a substantial fall in histamine level, the

hypotension remained unaltered.
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TARLE VT, The Histamine content of plasma (ug./100 cec. )
and the corresponding B.P, reading (m.m. Hg.)
of patients with Addison's disease (Gronp 4 )and

of patients with arterial hypotension (Group B).

' B;?o
Case No. -Group. Plosma Histamine, m.me Hge
' ug. /100 cec. fystolie Diastolic.
1 - 96 88 58
& A 8.9 115 63
d & 10.4 97 52
4 A 8e6 98 70
5 A 848 84 : 62
6 . A 12.8 928 58
7 A 4.3 118 | 68
8. h:d 2341 70 48
] F i 6.4 98 60
10 A 6.0 114 68
11 a“ 642 76 48
21 B 1.0 106 - 78
22 B 362 98 2
23 B 1.7 98 ' 58
24 B - 4.9 96 74




Plasnja J-list anjirje  ytigrqs / [00c.cs. Group. A

Blood. Cfroup. E=
py«.sture. 2 il %
oystolic.

Diastolic.

JiIG. 1* fhe relationship between plasma histamine and

blood pressure of patients with Addison*s disease
(Group A) and of patients with arterial

hypotension (Group B).
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Iv, The concentration of histamine in comhined red
and white blood cells of patients with Addison's disease and

of control subjects.

The histamine content of the combined red and white
cell layer of the centrifuged blood from patients in Group a
varied between 4.7 and £9,0 ug./l00 ce., with a mean value of
12.2 ug./100 cec. These figures (Tapvle VII) represent an
increase in mean value of 183% over the corresponding value
for the control groups. In Group C the values for normal
suojects ranged from 3.6 to 5.4 ug./100 cc. with an average
value of 4.5 ug./100 cc., while the equivalents in Group B lay
between 2¢6 and 8.4 ug./100 cc. with a mean equivalent of

4.2 ug./100 cce.




TABLE VII. Rthowing the concentration of nistamine in
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ug./100 ce. in the combined red and white blood

cells of patients withaddison's disease and of

control subjects.

-

Case. Groupe. Concentration of histamine in red and white

blood cells.

ug./100ce. Renge ug./100 cc. llean ug./100 ca

Cases of Addison’s disease.

1 - 4,9
2 i 15,3
3 A 18.5
4 A 6e9
5 A 1648
6 A 12.8
7 A 4.
8 A 29,0
9 A 0.3
10 A 4.2
11 A 6o :
12 A 640 4.7 = 29,0 12.2
Cases of arterial hypotension - not suffering
from Addison's disesase,
21 B 3.0
22 B g.g ‘
23 B . :
24 B . 5.7 2.6 - 8.4 4.2
Normal healthy subjects.
13 c 4.2
14 . C 4,9
15 ¢ §.Z
15 8 3:6 346 = Hed 4,5

17
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Y. The distribution of histamine in the red and white
blood cells and plasma of normal subjects and of patients with

hypotension and with addison's disease.

When histamine is added to normal ddg blood either in
vitro or in vivo the histamine is distributed in a fairly constant
ratio petween the cells and plasma (anrep, Barsoum and Talaat
(1936) ). This suggests that in normal dog blood a mechanism
of partition distribution for histamine exists between cells and
plasmae. |

If such a partition mechanism for histamine exists in
normal human blood then the ratio of cells to piasma would tend
to be constant. On Fige. « the concentration of histamine in
cells (ordinates) are plotted against the corresponding
concentration in plasma (abscissae). It will be observed that
for normal subjects the individual values are fairly evenly
distributed about the mean and while the mean value for patients
with low B.P. (Group B) closely approximates that for normal
subjects there is a much greater variation in the individual
readings.

When corresponding values for cells and plasma histamine
of patients with addison's disease are plotted a wide varidtion
about the mesn is Seen and there appears to be very little

relationship between the histamine in the cells and plasma.
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vI. The effect of D.0.C.A. on the distribution of
histemine on the red and white blood cells and plasms of

patients with nddison's disease,.

Patients with addison's disease are not ideal éubjects
for purposes of investigatidn involving venepuncture. The ir
veins are often collapsed énd where it is desirable to withdraw
their replacement therapy to the point of adrenal insufficiency
as nesar as possible to crisis, the traums of venepuncture is not
without difficulty or danger. For this reason the original plan
of investigating the effect oflhormone therapy on the histamine
distribution in blood was unfortunately restricted, altogether 4
patients were studied in order to observe the éffects of
desoxycorticaterome acetate (D.0.C.A.) on the distribution of
histamine between cells and plasma. Specimens of blood were
taken 48 hours after withdrswal of hormone therapy and again
4 hours after intramﬁscular injection of 5 mge DO.C.A.  Blood

pressure recordings were also made. The results sre shown in

‘Table VIIL.
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a0 VIII. The levels of histamine in blood ce:ls and
plasma of patients with sddison's disease
before and 4 hours after intramuscular
injection of D.0.C.4A. 5 mgm.

Case  Flasms Histamine ' Cell Histamine Ratio
- No. ug/100 cec. ug. /100 cc. cell histamine

Before sfter % Diff. Before after 7 Diff, TDlasma histamine
: ; Before after.,

e e

1 23.7  18.4 -22.3 . 154,0. 47.0 -64.9 5.6 2.5
2 6.8 3.8 -44.1. 16.9 15,7 - 7.1 2.4 4.1
7 4.3 4.0 - 7.5| 4.7 7.4 +57.4| 1.0 1.8
| |
{ i i 1 i i .
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In all cases the plasma histamine level was reduced four
hours after the injectioﬂ of D.0.C.A. The extent of reduction
varied considerably; in Case 7 the drop was of the order of 7%,
the other cases showed a fall in histamine of 20-55%, It might
be expected that the histamine values of the cells wguld
correspondingly rise. - This is nét clearly shown for while in
2 cases there was an increase of 58~80%, in the remaining cases
there was an appreciable fall in the cell histamine values.

Comparison of the ratio of cell histamine to plasma histamine
c
‘s

) indicates that after D.0.C.A. the ratio was increased in
all cases excépt in No. 1. It is possible, ﬁowever, that the
amount of D.0.C.A. administered was nbt,sﬁfficient to produce
the meximum effect or théé samples of blood withdrawn at a
later period would have shown a higher ratio.

There is some évidence'frbm these'results that the change
in distribution of histamine batweeﬁ cells and plasma which

results from the administration of D.0.C.A. is fairly rapid in
onset, It is not yet possible to state whether the loss of

histamine is due to absorption of histamine by the cells or
whethér histamine is destroyed by histaminase activated by
'D.0.C.A. The evidence of Rose, Karady and Browne (1940) that

the lung histaminase activity of adrenalectomisgd animals 1is

restored to normal by "adreno-cortical substances”, supports
the latter explanatibn that the anti-histamine effect produced

by D.0.C.4i. operated through the medium of histaminase.
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Discussion.

The results of this investigation lend further support to
the evidence provided by the work on adrenalectomised rabbits,
Allowing for speecies variation where the histamine content of
normal rgbbit blood is mueh greater than in normal human blood,
it is evident that in iddison's disease there is an increase of
approximately 370+ in blood histamine. It is not poscible to
state at present whether the high level of blood histamine in
adrenal insufficiency‘is due to excessive generation or to
diﬁinished destruction of histamine. The experiments of Rose
and Browne(1938) indicate that the rate of destruction, at least
in rats, is greatly reduced. Some attemptis were made by the
author to settle the guestion more definitely by studying the
excretion of histamine in the urine of normal persons and of

patients with Addison's dlsease. Extracts of urine were

electrolysed in an attempt to isolate histamine with the minimum
of hydrolysis out iﬁ was not possible to obtain consistent results,
- When a suitable method is evolved for isolating histamine from
urine, it should be possible to determine the rate of destruction
and elimination of histamine in the body.

In Addison's disease there is an increase in the histamine
level of both plasma and blood tells but there is no evidence of
any definite distribution of histamine between cells and plasmsa,
as is the case with normal blood. If this distribution of
histamine performs an important protective function in the normal
person, as Anrep and his collesgues(1936) suggest, then no such
protective mechanism is available to the patient with asddison's

disesse. It may well be that the absence of this protectlion is
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the basis of the increased sensitivity of sueh patients to drugs
snd trauma. '

Though there is no direct relationship between B.P. level
end the histamine content of plasma, histamine may rlay an
important role in causing the circulatory collapse in adrenal
insufficiency. Ihe increased values for blood histamine
reported in both animal and humen sdrenal insufficiency provide
some support to the conclusions of Swingle(1938) and the high

levels of histemine in plasme indicate a close parallel with the
picture found at the height of anaphylactic shock by Code (1938}
It will only be possible to assess more accurately the

significance of these abnormal values of histamine in the blood

of patlents with aAddison's disease, when the mode of secretion and

elimination of histamine in the body is more intimetely known.
In the meantime the evidence presented by this study indicates
. that one result of administering cortieallhormone (D.0.C.A. ) is

s reduction of the histamine content of plasma and a

redistribution of the histamine in the blood between cells and
plasms.. This may well be the basis of the clinical response

of patients with Addison's diseaSe to treatment with D.0.C.4.

~
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PART THREE.
THE DIAGNOSIS OF ADDISON'S DISEASE
WITH SPECIAL REFERENCE TO DIAGNOSTIC TESTS FOR

ADRENAL INSUFFICIENCY.
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PHE DIAGNOSIS OF ADDISON'S DISEASE.

The disgnosis of Addison's disesse in the late or terminal
stages as & rule presents no difficulty: the disease may be obscure
in the early stages when symptoms'and signs ére'mqre or less
indefinite., Where the onset is not sudden, the patient‘may
present exacerbations and remissions over.a period of years and
various interpretations may be made as to the origin of the
- complaints, especlélly if the patient at the time is well
nourishsed. ‘fhe 1iteréture,eonta;né many case reports in which

the general languor and debility, which best describes the early

symptoms of'asthenia served to classify the patlent as neurasthenicq

Ihe 1mportance of gastro -intestinal .disturbance is dlfflcult to
assess when there are no other phys;cal sxgns and no hmmealate‘
significance may be attached to a complaint of anorexia and
indigestion; even when the patient complains of abdominal pain
and vomiting or diarrhoea, the oceurrence may be s0 lntermlttent

that the cause is either not lnvestlgated or the patlent is

-~

referred to the surgeon for aypendicectomy.
Though the classical description of the signs centres

round the presence of pigmentation and low blood pressure, one or

other may not be evident. fhe depth of pigmentation may vary

from a faint yellow tinge to an intense bronze eolour, it may.

oceur in.patches or be,distributed uniformly over the whole ‘body
surface; the palmar and plantar gurfaces are however much less

intensely coloured. Wmere the pigmentation is very slight and

uniform it may give the appearance of a normal sallow complexion;
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in these circumstances pigmentation of the buccal mucous membrane
is & valuable sign and the margins of the lips and oral cavity
should be carefully inépected for isolated patches of
pigmentation, The vagina and anus may also be pigmented.

Biopsy of the skin may serve tovexelude othervcauses'of
pigmentation such as silver, arsenic, peliagra, haemochromatosis
and acanthosis nigricans.

Arterial hypotension is neafly always a constant feature
of Addison's diseace,. The blood pressure in the terminal phase
reaches a very low level but in the early stages of the disease
thi systolic reading may vary from 110 to 90 mm. Hg., while the

dlastolic level may lie between 75 and 60 mm.Hg., where the
blood pressure is just within the lower limit of normality and

other signs are equally indefinite it may be exceedingly difficult i
to come to a definite conclusion, for it is almost as Important to
exclude addison's disease as to diagnose it.

It is unfortunate thét at present there is no simple

method available, as in diabetes mellitus, whereby minor degrees
of adrenal cortex insufficiency may be measured. Nevertheless ‘
various attempts have beén made to provide clinical and piochemical
tests by which the dliagnosis of addison's disease may be copfirmed.‘
Some of these methods have been investigated by the author in ‘
order to assess their value as diagnostic aids. Owing to wartime
restrictions and in some instances to the condition of the patients,
it has not been possible to carry out all the tests on each

vatient.
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Costo-lumbar Tenderness,

When moderate Pressure is made in the costo—lumbar. :
sngle Rogoff(1931) stated that the patient with Addison's
disease complains of & dull pain ﬁhich radiates towards thev
pelvis of the same side. The pain is only felt if the
disease is due to‘extensive degenefation or inflammstion of
the adrenal gland and is absent when the gland is atrophied or
fibrosed. Rogoff'éuggested costo-lumbar tendérness as a
diagnostic test for Addison's“disegse.

The résponse,to cost~lumbar pressure on 13 patients
with Addison's disease (Group A) and 7 patients with hypo-
tension (Group B) is recorded in Table IX. It will be seen
that 10 patients of Group A gave a response varying from
marked (#+) bilateral tehderness to slight (+) unilateral
ténderness; only 1 patient with Addison's disease did not
respond. = On the other hand in Group B 3 of the 7 patients hsd
definite tenderness, though none of these patiénts had any
evidence of sn infection of the urinary tract. It is evident
that costo-lumbar tenderness is not diagnostic of Addison's
disease and though it may provide confirmaiory evidence,
where other signs of the disease are indefinite this sign is of

little value in settling the diagnosis.
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TABLE IX. Showing incidence of costo-lumbar tenderness
in patients with Addison's disease(Group A)

and in patients with hypotension but no
Addison's disease (Group B).

Case No. © Group. Costoﬁlumbar‘tendgrness.
1 A v +
2 a ++ -

3 A -
4 ¥:9 + i+
5 A - -

6 A E R

7 A + -

8 A - ++

9 A. ’ ' +.‘ +
lo A. ’  +‘ -
11 A + - +
12 A - -
14 A - -
15 B - -
16 B = -
17 B = B
21 i + *
22 B + +
23 B ‘+ -
24 B - -
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Serum Electrolytes.

¢ ince Loeb's (1932, 1933) observations that some
patients with Addison's disease have a low serum sodium and &
high serum potassium level, many attempts have heen made to
use these biochemipal findings a8 o basis for the diagndsis of
adrenal insufficiency. Thus Allott(i956) found there was an
increase 1in serum potassium as well as ures in cases of
‘oncoming erisis.  Snell (1934), hoWever, observed that
during the.more chronic phase of the disease patients had
- quite a normal blood chemistry. |

In the present study the levels of serum sodium,

chlorides and plasma potassium were determined in 13 cases

of Addison's disease (Group A) and in 9 cases of hypotension
‘(Group B). Estimations of serum sodium were made according

to the technique of MeCance gnd Shepp(1931) and of plasma
potassium by the method of Weechelsbaum, Somogyi and Rusk(1940 ).
Serum chlorides were determined by Whitehorn's(l?zl) technique.
‘On Table X the values of sodium, potassium and chloride are
expressed in mgm. per 100 ¢.c of serum or plasma. The
results show that in Group A only § cases had a serum sodium
level less than the normal lower limit of 325 mgm. In case

4 the level was 279 mgm. while in case 8 and 11 the blood was
withdrewn during s crisie and gave values of 235 and 280 mgm.

" per 100 c.c. repectively. Although no patient in Group B

had a serum sodium level below 300 mgm., 4 patients, however,

hed velues less then 325 mgm. It is evident that there is

some overlapping in serum sodium values between the groups and
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TABLE X. Showing the Values for serum, sodiwn, plasma
potassium and serum chloride in patients with
addison’s disease (Group A) and in patients
with hypotension but not suffering from
addison's disease (Group B).

Case Group. Serum Na. Plasma XK. ' Serum Cl.
Noe. mgm.per 100 cc. mgm.per 100 cc. mgm. per 100 cec.
1 A 332 - 280
2 A 410 17.7 , -

3 A 346 16.9 177
4 A 279 : 26.4 374
6 A 349,56 16.1 701
7 A 497 - 394
8 A 235 : - 261
9 A 310 CB64D 320

10 & 315 20.0 350

11 A 280 ' . 20.8 308

12. A 319 18.1 ~ 300

13 A 315 - B7.6 408

14 A 301 21.9 : 315

Range A 235 - 497 16.9 = 27,6 177 - 701.

Mean A 329.9 2l.2 349

15 B 328 - - 245

16 B 323 . - 360

17 B 300 22.1 490

18 B 330 "18.6 _ 350

19 B - 330 : - ' 360

&0 B 335 18,6 380

2l B 319 1845 328

22 B 321 1642 o -

R4 B 359 18,3 : -

Renge B 300 - 359 1642 - 22.1 245 - 490.

Mesn B 321 18,7 359
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it would sppear that unless the serum sodium level is below 300 mg m
per 100 c.c.,no definite conclusion of Addison's disesse is
justified. |
With regard to plasma potassium 4 patients in Group 4
had'levels higher then the gormal range of 16-20 mgm.but there is .= }
no clear cut distinetion between the two groups for there was 1
patient in Group B with a level higher than normal, though the
general trend in this group is between 16 and 20 mgm, !~ The same
conclusion may be made of the serum chloride estimations. It
is worthy of note that the remarkably high level of 70l mgm. was
observed in case 6; though it was not appreciated at the time,
it was later realised that the high chloride value contributed, as
will be discussed later,-to the onset of oedema in this patient.
The evidence presented here is in agreement with the
conclusions of Dryere(1939) that it is not possible to make a
definite diagnosis of adrenél insuffieiency frdm the blood

‘electrolyte’ values alone.

Potassium Sensitivity Test.

In 1937 Zweiner and Truﬁkowski suggested as a result of
animal expefiménts that 1ntoierance to an increased intake of
potassium might be used as a method of detecting adrenal
insufficiency. [They stated that when patients with Addison's

disease were given potassium salts, their serum potassium

level rose rapidly. This method was tried by Gordon,Severinghaus

and Stark(1938) but was found by'them'to be unreliable; Dryere (133@\

and Greene, Levine and Johnston (1940) also found it unsatisfactory‘

1
|
t
|
1
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Salt Restriction "Test,

First used by Harrop, Weinstein, Soffler and Trescher (1933 )
this test has been élaimed to be of some diagnostic value, as
patients with Addison's disease suffer a relapse after three to
four days on a salt-free diet and their plasma sﬁows & considerable.
drop in sodium and chloride content. Wilder, Kendall and others
(1937 ) found that the response to this test depended to a large
extent on the potassium intake of the patient at the time of the
salt restriction test and they concluded that unless, due
importence is attached to this appect, the results are unreliable.
Ihis test appears to be decidedly hazardous to the patient if he
should‘have Addison's disease for at least two deaths have been
reported during its use. (Lilienfield (1938), Garvin and
‘Reichle(1940)).

. Excretion Tests.

In 1938 Cutler, Power and Wilder described‘a new test

for the diagnosis of adrenal insufficieney.  The principle of
the test depends on the‘obserVations made by them that &uring
maintenance on a low sodium - high potassium diet Tor-ﬁqo and a
half days, patlients suffering from Addison's disease continue to
excrete considerabie amounts of sodium and chloride in their
urine, while normal subjects show a.marked diminution in urinary
They

- 80dium and chloride excretion under: SLmllar condltlons-

stated that velues for urine chlorides on the third day greater than

225 mgm. % are diagnostic of Addison's disesse, whereas

concentrations of less than 125 mgm.% are evidence of normality;
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values between these limits were regarded as inconelusive,
Dryerre (1939) confirmed these observations but stated that the
urine sodium level is much more reliable than the chloride
level. For patients with adrenal insufficiency the range of
urine sodium is 160-298 mgm.% while for normal subjects the
level is 25 - 66 mgm.%.

The Cutler, Power and Wilder Excretion Test, details of
which are given in asppendix (p. 119.), was carried out on one

patient with Addison's disease (Group 4) and on three patients
in Group B, who had been admitted to hospitsal with a diagnosis
of ? .ddison's disease because of atypical pigmentation and low
blooi pressure, This investigation could not be carried out
on more pat{ents on account of the restriction on diet imposed
by war-time conditions; it is therefore notvadvisable to draw
any definite conclusions from the small numbar of tests '
performed. The results of the tests are shown in Table XI,
where it will be seen that the urinany'excretion of sodium

and chloride in the patient with Addison's disease does not
conform to the standards set by Cutler, Power and Wilder(1938)
and by Dryerre(l939).' Indeed the only clear cut distinction
between Group i and Group B is gseen in the diminished output

of urine snd in the blood sodium, potassium and chloride levels.
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The decrease in the volume of urine is in agreement with the
findings of Maranon, Collazo and Vitoris (1935) who sﬁggested
diminished urinary ouwtput as a feature charécteristie of adrensl
insufficiency. Taken individually, two cases in Group B (e1,22)
satisfy the criterion of both Cutler and co-workers and Dryerre
for absence of Addison's disease; thé results with patient 18B,

. who was later proved to have pernicious anaemia, serve to indicate
that this test is not infallible. In introducing the test Cutler
and his colleagues(1938) stated that the patients are subjected

to less risk of collapse than with the Salt Réstriction Test.
Dryerre (1939) however, experienced considerable difficulty in
carrying out the test and concluded that it is not without risk
gnd that it 1s essential to keep a strict watch over fthe patient
in case of suaden collapse; an opinion which is shared by Willson,
- Robinson, Power and Wilder (1942).

A simple excretion test has recently been described by
Robinson, Power and Kepler(1941) which ddes not involve any
restriction of diet and does not subject the patient to any haszards.|
The principle of the test depends on the inability of patients with |

Addison's dxsease to excrete large amounts of water. The test

consists in glving a large amount of water to drink during the day
and comparing the volume of urine voided during the night with the
volume of the largest single hourly specimen passed during the day.

If the night urine is less in amount than any specimen of day urlne,§

the patient is not suffering from Addison's disease.  On the

_other hand if the volume of night urine is greater than any hourly
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day spgcimen,the'patient may or may not have Addison's diseasse.

This may Dbe decided by determining the following ratio:

N _urine urea mgm% X Plasms cehloride » X Day urine cc/hr.
& "plasma urea mgm¥b. Urine chloride mgm% Night urine cc.Total.

If A is less th&n 25 the patient has AddlSOn'S dlsease and if A

is more than 30 the Patient is not suffering from Addison's
disease.

The test was carried out 6n 4 patients 6f whom 3 ﬁére
suffering from Addison's disease (Group A)f the remaining case.
(Group B) had arterial hypotension but no other signs or symptoms
of Addison's disease, The uriﬁary-output for each patient is
shown on Table XII where it will be seen that there is no evidence
of & water diuresis in aﬁy‘patients'of Grcub Ae In the second
part of the test 2 patients (12, 14) had ratios less than 25 but in
case 9 the value for A was greater than the upper limit set by
Robinson, Power snd Kepler{1941). It is diffieult to explain why
this patient should give such a high value for 4 for she had been
successfully treated for: Addlson's disease aurlng the previous
eighteen months. It is pOSSlble that her D.O C.A. had not been
withdrawn for a sufficient period as the test was begun 24 hours
after the last dose of D.0.C.A. The patient in Group B had &
prompt diuresis and s value for A well above any seen in Group 4.

Not only is the Robinson, Power and Kepler fest rapid ana

easy to carry out but it is particularly free from danger to

the patient. If its accuracy 1s eonflrmed it should prove to

be a very useful diagnostic test for adrenal insufficiency.
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TABLE XII. The response of 3 patienté with asddison's
disease (Group 4) and 1 patient with arterial

hypotension (Group B) to the Robinson, Power
and Kepler Excretion Test,

&) Urinary Output c.c.

b) Ratio A.
Case. Group. Night urine, 9430 D?%.gginii.30' 12,30 Rgﬁfo
9 A 198 56 4?5 - 126 154 45,8
12 A 370 21 20 12 &0 0.6
14 . 129 28 44 45 50 24.5

&6 B 369 517 629 - 1ll4 54 0640

Therapeutic Test.

Mention might be made of the diagnostic value of the

therapeutic response of patlents to an injection of cortical

extract. It is certainly true that patients with Addison's disease

exhibit a dramatic response to an injection of #0 cc. cortical

extract, but since Kline (1937) has reported that cases of asthenis

respond Similafly such a procedure, to be of any value as a |
diagnostic test, must be conducted under carefully controlled

conditions., Subjective improvement in the absence of positive

objective data is an unreliable disgnostic criterion,

Radiological Evidence.
In 1914 Rodleston and Boyd described the appearance of

caleificstion of the suprarenal glands by means of X-ray

rhotographs.
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Their technique was later developed and improved by Camp, Ball
and Greeve (1932) who found that of 23 patients with addison's
disease, 6 had calcified adrenals., One of the disad%antages
of this method lies in the difficulty of distingulshing
calcification of a@jacent lymph nodes or of the cartilages of
the ribs, for normal persons occasionally present X-ray
appearances corresponding with those seen in asddison's disease.
Where the disease 1s due to atrophy of the gland ;s peri-renal
insufflation of air has been used as a means of outlining the
kidney and suprarenal gland, but the dangef of producing
emphysema of the tissues with accompanying pain has rendered

this method undesirable and the results so far obtained have

not jﬁstified the dangers incurred. The value of radiological
methods in the diagnosis of addison's disease is therefore
strictly limited.

Discussion.

In discussing the problems associated with the diagnosis

of addison's disease it is important to realise that the adrenal

gland, like other endocrine glands, has a large margin of safety,
for a considerable portion of the tissue may be destroyed before
the function becomes insﬁfficient to meet the normal demands of
the body. It is reasonable to expect, therefore, that the
disease in its early stages will be characterised by vague
symptoms and that few signs may be evidenﬁ. |

Exacerbations of adrénal insufficiency oegasioned by mild
infection or change of environment and manifested by vomiting, |

diarrhoea, drowsiness or atypical neurological_symptoms,
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eonstitute, therefore, very valuable informstion and the trouble

taken to secure an accurate history from the ratient will be
well repaid,

any tests for adrenal cortical function which sre
undertaken at this early stage may often yield indecisive
results. .Indee& from the foregoing survey it is obvious that
there is, as yet, no specific and accurate method of diagnosing
addison's diseasse. Mention may be made of two tests which may
be developed for the detection of adrenal insufficiency.

it present it is premature to suggest the histamine
content of plasma or whole blood as an index of adrenal
insufficiency. So.far there are no facts avallable about
blbod hiétamine values in conditions which siﬁulate Addisoﬁ's
disease, except these cases which have been investigated in
Group 8. It cannot be claimed that the estimation of histamine
in blood is easy, for it entails a biologiéal method of assay
and there cannot be many hospitals where the necessary facilities

are avallable. Nevertheless, the clear cut distinetion in

plasma histamine wvalues between Group A and Group B compares
very favourably with the other diagnostic tests and taking into
account that no previous restriction of diet is necessary, it
ie reasonable to expeét that the difficulties of sstimating
histaminé in biood’may be overcome.

Recently Golla and Reiss(1943) have isolated from
Pregnént mare serum & substance which has corticotrophic

setivity. If a sufficiently sensitive method is developed for
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its detection in human urine, it may be possible to use this
method for assessing adrenal insufficiency, at least in
certain cases of aAddison's dfsease.

In the meantime the Cutler, Power and Wilder Excretion
Test is not without its dlsadvantages. The simpler method
of Robinson, Power and Kepler has no apparent dangers and
if it proves to be as accurate a8 the preliminary account
suggests, it should provide a rapid and confirmatory

diagnostic test for addison's disease,
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THE OCCURRENCE OF OTHER ENDOCRINE DISEASES IN

ASSOCIATION WITH ADDISON'S DISEASE;

| From the knowledge which has aécumulated regarding the
‘interrelations of the ductless‘glands it is to be expectéd that
disease affecting the adrenal glands may also involve other endoérine
glands.

Atrophy of the adrenal glands may lead to atrophy or
hypertrophy of other glands and provided the adrenal insufficiency
remsins within the limits compatible with life, symptoms and signs
of other endocrine disease may sooner or later become evident.

The résumé which follows deals with some of the more
important endocrine diseases which may be assoclated with Addison's
disesse; in some instances adrenal insufficiency followed the J
development of disease in another ductless gland, in other
instances the sequence of events was reversed.

The relationship of the anterior lobe of the pituitary gland
with the adrenal cortex is well established as a result of numerous %
investigations. GCrooke and Russell (1935) showed that there is &
reduction in the number of basophil cells and that abnormal
basophil transitional‘dells oceur in Addison's disease. They
regarded these changes a8 the most significant of all the changes
found in the ductless glands. Yet, surprisingly enough, few cases

have been reported of patients who during life exhibited signs or

symptoms directly referable to disease of the anterior pituitary

gland. In a patlent with §immond's disease, the onset of attacks of
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/

yomiting, abdominal pain and collapse were &tfributed by
Aitken and Russell (1934) to the development of sddison's
disease. The occurrence of Addison's disease in association
with infantilism has been described by lorlat(190%) and apert(1953 ).

. - Although there is considerable evidence that patients with
adrenal insufficiency may be thrown into crisis by the
administration of thyroid, the clinigal association of hyper-
thyroidism and addison's disease has only rarely been noted.
The subsequent development of aAddison's disease in three patients
wifh a previous history of thyrotoxicosis has been reported by
Chauffard and Girot(1925), Etienne and Richard(1926) and Herman
(1933 ). On the other hand the onset of toxic goitre in asddison's |
disesse is described and quoted by Perera and Parker(1943) who
also fully discuss the simultaneous occurrence of addison's
disease and hyperthyroidism in a patient whose hyperthyroidism
was successfully controlled by X-ray therapy. Two other such
cases have been noted by Etiemme and Richard(1926) and Pla and
Fabregat (1932 ).

Hyﬁertrophy of thymus gland has been reported, and atrophy |

of the testes, seminiferous tubules and ovaries have also been B
noted but no-partiéular syndrome referable to these assocliated ;

changes have been described. lMany patients have symptoms of

amenorrhoes and of impotence, but in several instances it has

been shown that pregnancy is compatible with the development of

Addison's disesse. In view of the recent work relating enlargement

of the thymus with myasthenias gravis, it is interesting to note

thet hypertrophy of this gland occurs in addison's disease though
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the type of asthenia and its distribution differs quite
markedly ih each dlisease, The blood-sugar in Addison's disease
1s usually normal or .occasionally subnormal (Kepler and Wilder
(1938)) and the occurrence of diabetes mellitus in association with
Addison's disease "is extremely rare. Of 14 reﬁqrted cases,
doubt has been cast on the disgnosis of 5 (Arnett(1927)). 1In
11926 Unverricht reported a case of digbetes and tuberculosis
which later developed Addison's disease., Arnett(1927) recorded
the first well-documented case of diabetes mellitus and Addison's
disease. A brief reference was made by Allen (1930) to 2 such
cases seen at the Mayo Clinic, and another was reported by Gowen
(1932). The onset of diabetes mellitus during the course of
Addison's dlsease was described by Levy'Simpson (1952), and by
Crooke and Russell (1935). Rogoff (1936) reported a unique case
of Addison's disease resulting from bilateral sdrenal denervation
in an attempt to cure disbetes mellitus. More recently an
"excellent description of the coincidence of diabetes mellitus

and Addison's disease has been given by Bloomfield(1939).

CASE RECORD.
A housewife, aged 32, was admitted %o the Royal Infirmary

on July 25, 1939, complaining of dyspmoes, Severe weakness and
loss of energy which had gradually increased during the previous

8ix months. In the summer of 1938 she had noticed that her

skin was darkening and becoming brown. At first she thought it

L ) .
was sunburn, but the colour deepened throughout the winter.

She had lost over a stone in weight, but at no time had she any



68,

gastro-intestinal disturbance. Ienstruation had alﬁayé been
normal. There was no history of any previous illneSs. She had
been married eight years and had a healthy daughter, six years old.
A strong hereditary tendency to diabetes mellitus is shown 1n'the

family tres.

Died
37 yr. Alive

"9
b\ ow o

Died Patient Alive  Glycosuria  Died Died Died
24 yr. v ~ of 114 yr. Phthisis 16 yr.
pPregnancy. 14 yr.

Family history of patient. Squares, male; circles,
female., Diabetics shown in black.

‘ The}patient was small, thin and very asthenic. She was
edentulous end weighed 7 st. 2 1lb. Theré\was generalised dark
brown pigméntation,of hei bddy,'partiCularly of her face, neck,.
dorssl surfaces of the foresrms and hands, and the front of the
knees, The buescal mucous membrane was alsq'pigmented.A A soft
Syétolic murmur was heard af the apex of the heart, but there was
The blood pressure was 102/62; pulse

no cardiac enlargement.

rate 88, weak but regular. There were no abnormal features in

the lungs, abdomen or nervous System end no lumbar tenderness was




63.

elicited. Urine: albumin faiﬁt trace; sugar and ketones nil;
deposit contalined eplthelial cells. Bloodls Sedimentation Rate
(Cutler) 15 mm. in 1 hour; sugar 100 mg. per 100 c.cm.; non-
protein nitrogen 34,6 mg. per 100 c.cm, ; éhlorldes (NaCl) 421 mg.
per 100 c.cm; haemoglobin bOp, red cells 4 ,130,000; colour ihdex
0.73; white cells 6 600(neutr0ph11 polymorphs 64m, eosinophils 5%,
monocytes 2%, lymphoeytes 29%). . The blood picture was that of s
mild hypochromic anaemia. Fractionel test meal and histamine
test meal revealed complete achlorhydria. Electrocardiogram snd
radiograms of chest and sbdomen were normal. ‘

A diagnosis of Addison's disease was made and the patient
was glven 5 mg. of D.0.C.A. intramuécularly three times a week and
ascorbic acid 100 mg. daily. The anaemia was treated with ferr.,
sulph. exsicec. gr. 3 and acid hyarochlor. ¢il., m. 30 three times a
day. She improved considerably and said she felt more energetic
and less easily tired. At the outbreak of war she was discharged
from hospital. She attended the outpatient departmant for a
weekly injection of 5 mg. of D. 0.0.A. and continued to take
ascorblc acid daily. As she did not gain- in weight her daily
salt intake was sugmented with 15 m. of sodium chloride in cachets.
Her improvement was maintained and her weight increased, but she
complained of backache and failing vision.

On the night of June 13, 1940, she was readmiffed %o
hospital on account of incressed asthenia and persistent vomiting.
She said she had been quite well until the recent spell of hot '
weather bput had been unable to attend the outpatient department

for s fortnight. She had lost weight snd the pigmentation had
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bec ome darker., She had no disrrhoea and micturition was normal.
On sdmission sﬁe was extremely asthenic and markedly dehydrated,
She vomited frequently and her breath smelled strongly of acetone.
3lo0d pressure was 58/40, pulse rate 1l2, regular; resﬁiration
rate 24; temperature 97.8°P. Urine: sugar ! , acetone , no diacetic
acid. Within the first 24 hours she received 25 c.cm. of
Bucortone and b mg. of D.0.C... intramuscularly and s 1itre'9f 5%
glucose saline by intravenous drip. In addition she was given "
intramﬁscularly 100 mg. of vitamin C. By the second day the
vomiting had ceased and the blood pressure hud risen to 90/58.
Dally treatment with 10 c.cm. of eucortone was'cohtihuea and on the
third day she was able %o taxe 1b mg. NaCl daily in cachets. On
June 20 the non-protein nitrogen was 88.6 mg.; chlorides 430 mg.;
sugar 660 mg. per 100 c.cm. Urine: sugar ; ‘acetone and diacetic
acid ; albumin trace. | |

In view of the hyperglycaemisa and glycosuria she was given
10 units of insulin morning and evening. Glucose tolerance test
gave tne following result: O hr. 460, % hr. 480, 1 hr. 575, 1% hr.
600, 2 hr. 565; the dose of insulin was therefore gradually raised
to 38 units in the morning and 22 units in the evening. On June
26 her general condition had greatly improved and 5 mg. of D.0.C.A.
thrice weekly was substituted for eucortone. The blood preésure
now varied between 85 and 88 systolic and 56 and 60 diastolic,
and the serum sodium had risen from 235 %o 332 mg. per 100 c.cm.
Several attacks of hypoglycaemia ensued as a result of insulin

trestment snd the dose had to be reduced repeatedly. A further
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radiogram of the chest and abdomen showed no abnormality. A piece
of pigmented skin was removed for pathological examination. The
report stated: "Sectlons of skin show an increase of melsnin
p%gment in the basal layer of tie epidermis, but no evidence of
iron in appropriately stained section,”

By August 26 she had goined b lb., did not complain of any
weagness, and was able to walk about the ward. There was no
dhange in her pigmentation and she had no recurrence of vomiting.
Her blood pressure was now well melntsided at 92-94 systolic and
60-70 diastolic, and her serum sodium was 340 mg. At this time her
noon blood sugar level was 72 mg. on the dose of insulin 28/20, and
though at times there was mild glycosuria there was no ketonurisa.
She was discharged on that date with instructions to take insuliﬁ-
28/20 and to continue D.0.C.A. and salt treatment.

As & result of u mistake in the dose of insuliﬁ given at home
she was readmitted on the night of Aug. <7 in‘a severe state of
hypoglycaemia, and despite treatment with adrenaline and intravenous

glucose she dled in convulsions.

AUTORSY FINDINGS.

Suprarenals - Both greatly reduced and each weighed 1.9 g.
The cortical cells in each zone were entirely replaced by fibrous
tissue, which formed a fibrous capsule round the medulla.  The
resultant width of the cortex was only a small fraction of the normal
gound the periphery of the medulla there were some focl of

lymphocytic infiltration. Within the medulla were areas of focal

necrosis in wniéh the cells were large, swollen and sStained pink
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and contained dark brown pigmeht granules in their cytoplasm.

In addition there were large focal collections of lymphocytes,
but there was no evidence of tuberculosis. Certain parts of
the medulla were almost completely fibrosed.

Pancreas. Slightly smaller than nbrmal but no maéroscobic
changes on section. Iany of the islets of Lungerhans were
completely replaced by fibrous tissue. ilany of those stillr
present were remarkably reduced in size and snowed Various degrees
of atrophy and fibrosis. No evidsncé of an inflammatory react;oh.

Pitulitary gland. Lhe anterior lobe was engorged and‘
cpntained a small chroméphobe adenoms. about 3 mm. in diameﬁer.
fhere was obvious retention,of colloid in the acini which wefe well
formed and lined by chromophobe cells.  There were a few_hasophil
cells in the acini. Maﬁy of the chromoﬁnobe cells were larger
than normal. rfhere was less than the normal quota of eosinophils{
while the basophils were conspieuously‘few. All three ftypes of
cells, however, appeared to be somewhat degenerated. In;maliofy—
stained sections muny of the granular célls took on both the acid
and basic stain, so that it was impossible to recognise transitional
stages of the two types.  the posterior lobe presented no
abnormal features. ‘

fhyroid glsnd. Smaller than normal, firm and devoid of
colloid. The scini were lined by tall columnur epithelium and
the histological picture was indistinguishable from that of
Graves's disesase.

fhymus gland weighed 17.5 g. and showed a considerable

gmount of fibrosis and fatty infiltration. The rwmaining
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Yymphoid tissue was hyperplastic.
S kin and vaginal epithelium showed Lnerease of melanln

plgment in nhe basal layer.

leer. Normal in size but flabby and pale owing to some
fatty infiltration. No haemochromatosis.
lungs. Terminal bronchopneumonis. No apical scars.

The other viscers showed no significant changes.

DISCUSS ION.

On her first admission.the diagnosis of Addison's disesse
was fully confiemed by the therapeutic response to D.0.C... There
was no evidence to show that the carbohydrate metanolism was
disturved at this stage as tie plood sugar was normal and there was
no glycosuria or ketonuria, although the urine was examined on 36
occasions. In view of her history acute adrenal insufficiency
was diagnosed on her second admission. Vomiting could oe
attributed to the ketosis, out tne glycosuria and strong familisl
incldaence of diabeteé mellitus suggesteda the onset of diabetes,
Since her grave condition would not permit delay for further
investigation it was decided to treat the adrensl insufficiency
immediately. Some days later, when a diabetic fesponse to
glucose tolerance test was revealed, the possibility of diabetic
comsa dr hsemochromatosis with ketosis was reconcidered. Although
vomiting and denydration, hypotension and s low serum-sodium level
are factors common to both acute adrenal insufficimey and to
disbetic coms, the dramatic response tqltreatment with cortical
extract is more in favour of the former condition. Indeed insulin

was not administered until nine days later, by which time the
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patient had improved consideravly. Biopsy of the skin disposed
of the possinility of haemochromstosis and further confirmation
is provided in the autopsy report.
| It is interesting to note that while the majority of the
authenticated cases of diabetes snd sudison's disesse developed
diabetes first, our patient, despite the strong familial tendency,
Presented diacetes only ufter Addison's disease hud been established
over a yesar. A feature of several of the cases has been "insulin
hypersensitivity' which has arisen with dqseS'és small as 5 units
insulin. In this case a maximum of 60 units of insulin per day was
administered before the first hypoglycaemic reaction ocgurred,- It
seems worthy of note that, although Bloomfield and Unverricht,
whom he quotes, ademonstrated a decreased need of insulin as
Addison's disease developed in their diabetic pétients, it was found
that successful treatment of the suprarenal insufficiency did not
increase the insulin requirement of this patient.
Mueh attention has been focussed on the relationship
between the anteriaf lobe of the‘pituitary and the other endocrine
gleands. Numerous observations (Hewer(1923), Kraﬁs fl927), Harrop
and Weinstein (1932))have been made on the diminution of the
basophil cells of the anterior looe of the pituitary in Addison's
disease, and Crooke and Russell(1935) have suggested that this
might account for the hypoglycaemia. The evidence presented by
this cgse does not seem to bear out their hypothesis; indeed, one
of their:own cases (case 9)‘is at variance with théir deduction.
Either pernicious asnsemia or microcytic ansemia méy occur .

in association with Addison’s disease, In each instance the
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anaemia can bé“adequately treated, provided due care is taken
in the administration of drugs, to which such patients are

abnormally sensitive,
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PART FIVE.

THE TREATMENT OF ADDISQON'S DISE4SE.
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THE TREATMENT OF ADDISCN'S DISEAS E.

The treatment of Addison's disease may pe likened to
that of diabetes mellitus. In both these diseases there is
insufficlent hormone secreted to meet the demands of the body
and the trestment that may be employed entirely depends upon the
state of the patient, that is, upon the acuteness of the
insufficiency. Just as in disbetic come the measures to be
adopted are rigorous and urgent, so too in a "erisis" of acute
adrensl insufficlency abundant cortical hormone and saline must oe
supplied immediately. On the other hand some diabetic patients
wre readily stabilised by dieteticvmeasures ,in a similar manner
very mild cases of Addison's disease may bpe satisfactorily
maintuined without added hormone by limiting the intake of
potassium salts and supplementing the diet with sodium chloride.

The different methods available for the treatment of
Addison's disease may be‘discussed under the headings of

(1) Low ﬁotassium diet and salt tharapy, (2) Hormone therapy.

LOW POTASS TUM DIET AND £ ALT THERAPY,

Following the work of Wilder snd his associates(1937)
successful use of a potsssium restricted diet to meintain
patients suffering from mild adrenal insufficiency has been
reported by Dryerre (1939) and Toeb (1941).

In the present series of cases a low poteassium diet was
constructed and given to several patients. Detaills of_xhié

diet are given in appendix (p. 121l. ).



2.

the lutitude s lowed in this diet was ‘ufficient to cater.

for the ca;rieious appetites of most natlents, but in all

caseg su{jlementary salt had to be given. The salt reguired

varied frem 10-15 gm. daily. .While 0eo maintains that

£€odium chloride alone it sufficient, the writer agrees with

Wilder that oatients 'refer to take a mixture of sodium

chloride and sodium citrate. Indeed a mixture of sodium

chloride 6 gm., sodium bicarbonate 4 gm., sodium citrate 4 gm.,

wae found to be very beneficial. nis amount was given

daily in 5 subdivided doses. The pect method of administering

this large amount of =salt mixture is to give each dose in g

emall glassful of milk one hour before meals, Where experice

is no object the ratient usually exreriences no di-ficulty in

ewsliowing cachete., In ail instances water has been found to

pe unsulitavlie, as thic vehicle vroduces nauﬁea and &omiting.
thie form of treatment is very linited in ite

avplication. It has no effect on the blood prezsure level

‘

and has very’litfle effect on muscular weakness. 4 bdatient
mny 4o guite weil on this While resting in ved but only one
czce (Case 6) was succestfully maintained on it for over a
week. In all thé other csset additional hormone therapy
was required.

Farticular care must bpe exercised in the adminiStration
of asdditional hormone thera.y to watients on this diet.
Weekly or twice weexly injsctions of adrenal>cortex extract

apoear to contrijute additional benefit but thic ie not so

.



73.

with D.O.Q.A. Hampton and Keovler (1941) have recently shown -
~thet in a group of 9 patlents on this diet who were given
D.0.C.A. only 1 patient remained well. Five patients died
within 1 month and ‘1 within 6 months of beginning treatment
and 2 developed diarrhoes and impending crisss. €ince then

it has been realised that D.0.C... may produce acute retention
of sodium and iqcreased excretion of potassium. Where it is’
necessary to give howmone therapy the patient should be
mzintained on a normal diet containing at least 4~5 gm., K

dailyo

HORMONE THERAFY.

The adrenal cortex does not elaborate any single
substance which can be desecribed as the vital hormone
of the gland. An extract of the cortex contains a large
number of closely related steroid derivatives which have
specific effects qualitatively different one from the other.
In 1928 Hartman and his colleagues suggested the name
wgortin® for the hormone of the adrenal cortex. This they
regarded as the vital principle of the gland. In 1934,
however, Kendall isoclated a crysﬁailine compound from the
adrenal cortex and in 1938 several more crystalline Qompounds
were separated which were designated as "cortin-like".  4An
active extrsct from the adrenal cortex csn now be separated

into fractions either as crystalline compounds or & purified

amorphous material, but no one compound can reproduce all

the physiological effects of the gland.
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adrensgl Gland Grafts.

animal experiments by Ingle, Higgins and Nicholson
(1938) and by Loeb (1937) have emphasised the difficulties
assocliated with the transplunting of such delicate and
sensitive tissues as the adrenal glandS. It is to be
expected that clinical opportunities have been rare , for
attempting the grafting of adrenal glands in ﬁhe_treatment of
addison's diseasse. Altogether six cases have been recorded.
The most recent(Katz and MMainzer, 1941) includes & review of
the literature and describes the successful grafting of one
~ adrensl gland from s supject who had recently died, into the
abdéminal muscle wall of a patient with Addison's disease.
At the time of reporting the patient ﬁad been maintained
for 15 months with only an occasional injection of adrenal
cortex extract.

This type of treatment is of academic interest only.

adrenal Cortex Extract.

A critical survey of the various methods of standardising

extracts of adrenal cortex cannot be attempted in this thesis,
but an excellent review of the methods at presént available is
given by Keﬁ&all (1941). The writer has had personal
experience with two methods practiced in this country, namely
(1) survival of adrenalectomised rats and (2) survival of
adrenalectomised drakes. These methods are less satisfactory

than the more recent "maintenqpce" assays now used in America,
- A

|
I
r
|
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No official extract of sdrenal cortex has ¥et been described
but several commercial preparations are available in this
country. Of these the following have beeﬁ emnployed in the
course of this study:- Cortin (Organon lLaboratories),
Eucortone (Allen and Hanbury,Ltd.), Eschatin (Parke Davis
and Co. Je

Experimental evidence has shown that while preparations
of adrenal cortex extract are active when given by mouth
(Pfiffner (1934), Thorne (1938), Grollman (1936)) the amounts
necessary are at least 4 to 10 times greater than the
parenteral dose. Loeb (1941) concluded from his observations~{
that cortical extract given by mouth is of doubtful clinical
value. The present day attitude is fhat adrenai cortex has
very little clinical effect in doses of 1ess'than 5 ce. even
when administered by the parenteral route. The extraet is
usually given by intramuscular injectlion but in emergency é
treatment the intravenous route may be used. For maintenance
purposes the dose emplayed varies from 10 cc. once daily to

10 cc. twice weekly; in the treatment of a "crisis" as much

as 50-75 ce., in divided doses mey be required pef daye.

cubstitution therapy is inudeguate unless the factors
which influence carbohydrate metavbolism and the efficiency of
the muscles ure given together with the compounds that

influence rensl function and the distripution of water and

electrolytes. Up to the present time sdrenal cortex extracts

are the only prepsrations which produce these effects.
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vteroid Comvounds of the .idren: 1 Cortex.

In 1936 Kendall isolsted from the sdrenul cortex five
reluted stéroid compounds which he neomed 4,3,0,D and & and
in the following yesr Steiger snd Reichstein (1937 ) deecribed
one of the nine compounds which they had isolzted ac
corticosterone. This comvound, Xendall (1937 ) showed to be
similar to his comvound B. ixtensive investigations on the
chemistry of the related steroid compounds followed: an
excellent review of this work is given by Ilason (1939).
In America the physiological effects have been studied of four
crystalline compounde (Fig. 3.) corticosterone,
dehydrocorticosteroné, desoxycortisosterone and compound E,
an smorphous fraction'wbich is obtained in a purified form
after separation of the other comvounds. While the amorvnhous
fraction hos more effect than eny other commound on thex
maintenance of life, it does not anpear to influence
carbohydrsate metabolism or response of musele. The chief
disadventage of desoxycorticosterone is thet it hae very
little effect on carbohydrute metaboliSm.and on the maintenancs
of muscle efficienéy. It is, on the other hand, the most
effective compoound for the m;intehance of normal electrolyte

balsnce and renal function. »
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- Compound or fraction
Physiological effect. of adrena’ cortex .

Gluconeogenesis Corticosterone gnd its

)

) derivatives with an atom
luscle efficiency) of 0 at Cqq
Distrioution of ‘
electrolytes Desoxycorticosterone

Renal function amorphous fraction.




78,

Desoxycorticosterone acetate has been synthesised snd
is available commercially, it is usuaily referred to as D.0.C.A,
he most étriking action of D.0.C.A. is on electrolyte and
water metaonol ism. AS has been shown by S inpson(1938)

Cleghorn (1939) and loeb (1939), it causes marked retention

of sodium salts and of water with an increase in plasma volume
and & gain in body weight. That 1t restores renal function is
demonstrated by an increassed excretion of nitrogen in those
cases where there is a high N,P.N. The other effects such as
lowering calcelum and cholesterol levels in the serum are
ovrobably due to the resultant increase in plasms volume. The
effect on blood pressure may be brought about, according to
Loeb, within a few hours, but in no case studied here (TableYIII:
was any effect observed 4 hours after injecting D.0.C.A. On
the other hand, during a period of treatment extending from iO
days to several months, both diastolic and systolic pressures
were considerably raised. This "'is well seen in Fig. 4a, 4b.
Whether the rise in blood pressure depends on factors other
‘than the correction of abnormal electrolyte and water metabolism
is difficult to decide. Certzinly the blood pressure continues
to rice even though the blood electrolytes have been restored

to a normal level.

Pigmentation does not appear to be influenced to any
extent by D.0.C.i. The colour of the skin, in some cases,
appeared to be lighter after treatment but the pigment spots
in the oral mucous membrane were not altered nor was the

dark areola round the nipples. The effect on skin pigmgntation
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is probably due to rehydr tion as these patients had gained
welght snd avppeared to be more robust.

Tﬁe czrbohydrate metabolism is not affected by treatmeﬁt
with D.0.C.A. On the contrary, as Bloomfield(1939) has shown
the blood sugar may be lowered. TIndeed Toeb (1941) hss
described the onset of severe hyvoglycaemic in patients
receiving larger doses of D.0.C... It is interesting to
note, on the other hsnd, that cortical extract raises
the blood sugar level. Whether this is due to compound
E of Kendall will only be determined when sufficient amounts
of this compound are available for clinical use.

There is no doubt thet the subjective effect of
D.C.Ceie is to increase the sense of well-being and to ‘
brighten the outlook on life. This subjective improvement~
is reflected in the incre:sed sppetite and many patients
gain in weight. Of the 14 csses studied all but 3 were
satisfactorily maintained on D.0.C.4i. and were able to resume

light work and to lead a quiet normal life.



TABLE XIII. Effect on B.P. of patients with sddison's
disegse 4 hours after'injection of 5 mgm.
D.O.C .A.

# No D.0.C.A. had been given for the previous

36 hours.
Case No. Before Injection # "~ After Injection.
1 92/60 . - 88/64
2 116/178 114/68
3 96/52 . 98/58
4 98 /70 98/70
6 98/68 | 98/68
7 118/78 118/78
9 106/56 ‘ 106/54

12 114/60 ' 114 /62




FIG. 4a. The effect of prolonged administration of D.O.0O.A.
on the B.P. of patients with Addison's disease.
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FIG. 4b." lke effect of prolonged administration of D.O.C.xi
on the B.P. of patients with Addison’s disease.
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Administration of D.0.C.A.

Three different methods are available for the treatment
of addison’s disease with D.0.C.A. It may be given subcut-
aneously or intremuscularly in a solution of arschis of seéame
" 0il, or sterile tablets may be implshted subcutaneouslj. Oral
adninistration by sublingual absorption is = more recent
mode of administration.

Parenteral Injection.

While Loeb seems to have hsd successful results with
D.0.C.A. in the treatment of & Severe erisis the use of this
synthetic steroid hes been reserved in the present study, for
maintenasnce and for the treatment of on-coming crisics. Any
severe crisis must in the writer's experience, be treated with
adrenal cortex extract, supplemented by 20% saline and 5%
dextrose drip infusions.

The maintenance requirements of D.0.C.A. vary greatly
in different persons. The dose ngcessary to maintain the
patients in the present study ranged from 5=-£0 mg. ver week,
given in subdivided doses at intervals of from once to three
times a week.

Dufing the period of acsessing their requirements of
D.0.C.A., patients were under close obserﬁation. Serum sodium,
plasma protein and chloride estimations were made at the outset
and plasma potassium determinations were in some inshances
also made. The diet used was'a normal ome of average.salt

content, and the patients were weighed dalily.. Observations
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vere made from time to time for signé of cardiac enlargement,
increased venous pressure ana oedema. The significance of
these will be discussed later. After settling their
maintenance requirement of D.0.C.A. , patients were ususlly
discharged from hospital and attended regularly at the Out-
Fatient Department for injections of D.,0.C.A. Two of the
patients (3, 6) were trained in the technique of self-
administraéion in & manner similar to that used by diabetic
patients out one of them (case 3) tended to pe irregular

in his self administrations, The viscosity of the oily
solutions adds to the difficulty of intramuscular injection
and on the whole the author considers that the disadvantages
of self administration outweigh any advantage of convenience.

The subcutaneous implantation of pellets,

LJ

The method 6f subcutaneous implantation as a means of
administering hormones was first employed by Deanesley an&
Parkes(1937) and the following year Ingle and Masén (1938)
used this method to prolong the survival period of adrenal-
ectomised rats. In 1939 Thorne, Engel aﬁd Eisenberg
described this method of treating adrenalectomised dbgs
and followed this work by successfully treating 6 patients
with Ad&ison‘s disease with D.0.C.A. pellets implanted
subcutaneously (Thorn, Howard, Emerson and Firor (1939)).
Pellets weighing from 50 to 150 mgm, and measuring 6,5 mm, in
diameter by £-6 mm. in thickness were inserted subﬁutaneously

in the infra-scapula region. They caused no local discomfort

or reaction and provided a constant suppiy of hormons,
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This was evidenced'ﬁy the gain in weight and.marked inerease in
blood pressure and by the maintenance of a positive sodium
and chloride balance.

Although the rate of absorption has been estimated
as 0.25 - 0.35 mgme per day from each tablet of 50 - 150 mgm.
the amount which is aosorbed varies with each individual.
From the results so far obtainéd in the present study the
~average dally absorption -appears to be of the order of 1 mgms
(0e74 = 1.3 mgm.)

Six patients have been treated by the suocutaneous
implantatiqn of pellets of 100 mgm. D.0.CeA.; a summary of the
amounts and duration of effect is given below (Pable XIV.)

The subcutaneous implantation of D.0,C.A. in the
author's opinion is a successful form of maintenance therapy
end in the cases so far treated no sudden crisis has yet
arisen. The patients as a rule report at the out-?atient
department once & month and when the absorption of D.0.C.A.
diminishes there is adequate warning not only by symptoms of
anorexia, increasing asthenia or nausea; but also by the fall
in weight and blood pressure. On the grounds of convenience
and economy this method of treatment is superior to

parenteral administration.
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TABLE XIV. The amount and duration of effect of
subcutaneous implantation of pellets of D.C.C.A.

in 6 patients with iddison's disease.,

Case No. Site of Total‘Amount Duration of Average Requirement.
Implant mgm. effect. o mgm. /day.
weekse,
2 abdomen | %00 5 continuing
3 Infrs-~ : | _
scapula. 600 20 continuing
9 abdomen 100 5 continuing
12 Abdomen - 100 6 cohtinuing
13 ibdomen 100 18 0,74
abdomen 200 20 . ‘ 1.33
Asbdomen - 100 13 continuing
14 Aibdomen 100 16 o 0.83
 abdomen 200 © 32 . 0.83

Abdomen 100 4 continuing
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§ublingual absorption of D.0.,C.A.

Phe oral ingestion of tablets of D.0.C.A. is Without
vyalue. Experimental evidence by Kuizenga, Nelson and Cart
(1940 ) demonstrated that in the rat the parenteral route

was 356 times more effective than the oral. ioeb(l940) and
Anderson, Haymsker and Henderson (1940) have shown that in |
‘the treatment of addison's disease 10 times the effective
subcutaneous dose when given by mouth was uhanle to prevent
the onset of symptoms of adrenal insufficiency.

More récently the sublingual method of absorption has
been attempted. Good results were reported on this method by
Anderson and co-workers (1940) who were ablé to maintain
their patients on an average dally dose of 5 mgm, given in
sub=~divided dosese. The period of treatment extended from
6-8 weeks and during this their patients were in excellent
condition and able to carry on thelr usual occupations,
Purnoff and Rowntree(1941l) reported two cases in which the
period of treatmerit was one month. They stated that their
patients gained weight,_and that the blood pressure levels
were maintained. ‘

In the present investigation 5 patients with Addison's
disease were studied. They had ali been previously maintained
in a satisfactory condition by D.0.C.A. given intramuscularly
in doses varying from 5-15 mgm. per week. At the onset Qf the
investigation they were put on a normal diet with the addition
of extra salt as indicated in the case reports. 'lhe solution

used contained 10 mgme of D.0.C.A. @issolved in 1 cc. of
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propylene glycol, I'his was issued to the patients in dropper
bottles so that 15 drops contained 10 mgm. D.0.C.A. The
patients were’instructed to place 5 drops under the tongue

3 times & day one hour before food and to retain the drops

for at least 1lv minutes and then to expectorate or swallow.

CASE RECORDS. .

Case NO. 2o

S.5., an engineer aged 35, had been successfully treated
since Nov.lst, 1940 with 5 mgm. D.0.,C.A. 4 times a week with
supplementary salt, 1 teaspoonful 3 times a day. On the 1l2th Oct.
treatment with D.0.C.4A., was stopped for 3 dsys following which
he complained of general weakness and could walk only about 200
yds., before feeling very breathless and weak in the legs, Costo-~
lumbar tendefness was well marked in the right side. On 1l6th
April he began treatment with D.,0.C.A. in propylene glycol and
waé instructed to take 5 drops 3 timés a day (= 10 mgm, daily) and
to éontinue his supplementary salt. fhe following day he felt
stronger in the legs and in 3 déys though his B.P. had fallen
from 116/78 to 112/70 helréported general improvement. after
a week of treatment he stated that he was no worse and that he
had no sickness, but his B.P. had fallen to 108/70. = at the end
of the second week he complained of lack of energy, pain in the
joigts, and frequent headsche. He had had 1 attack of abdominal
pain but there was no vomiting or diarrhoea. a4t this time his
B.P. was 108/60. after 16 days of treatment he reported numerous
attacks of abaominal pain and falrly constant nausea., His

appetite had diminished, and he did not feel inclined to eat
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any thing. He was just as tired as he had been at the beginning
of the ﬁreétment. Because of the weskness, he had felt it an
effort to move about, and when he did so, he felt his heart
thumping. The following day he Lhud a very scute attsck of
eplg:stric pain accompunied by diarrhoes; he stumbled frequently
and was only able to walk a very short distance, during which he
felt dizzy and dregged his left foot; his B.T. wes now 102/70.
By the 19th day there was evidence of impending crisis. He had
lost 5% 1lbs, in weight, his serum sodium %as 280 mg.%, plasma |
potassium 23 mgm.% snd his B.P. had fallen to 96/70. Treatment
wasvstopped and he was given 10 mgm.i%.O.C.A. i.m.i. at once,
After three daily injections of 10 mgm. D.0.C.A. he
was considerably improved,-und nis blood pressure rose to 110/72,
thereafter satisfactory treatmént was continued with 5 mgm.D.C.C.A
4 times a week. .
Case No., 4.

S.W., a former, aged 32, had been successfully maintained
since Dec. 1940 on a normsl diet with supplementary Salt mixture
15  gm. daily and 10 mgm. D.0.C.A. l.m.i. every 4 days. ' He was
able to lead a normsl guiet life but attempted no work as he
did not feel capavle of muscular exertion. He had no gastro-
intestinal disturbance, no headsches or dizz iness, and his |
weight remained steady. There was still marked pigmentation
of skin and mucous membrane snd bilateral costo-lumber ténderness.
His B.P.wwas 94/76 and serum sodium 359 mg.

on April 11th, 1941 he began trial treatment with D.0.C.A.

»
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in propylene glycol 5 drops 3 times a day (= 10 mgm. daily)

and was mgintained on a normal diét with his usual amount of
suppdlementary salt mixture. During the first week of treatmenf
he was kept in bed.. At the end of the week he felt just as well
as when at home, had no complaint of sickness or diarrhoea and his
B.P. was 100/68. On April 18th he was instructed to walk

aboﬁt as much as he did at home and the following day he reported
that he was very well; his B.P. was 98/70. On 20th April he
complained of gore throat snd as his temperature was 101° he

was given 1 gm. sulphanilamide by mouth, During the day he
vomited 3 times and the following morning his temperature was 1024°
his throat was inflamed and the dose of sulphonamide was repeated.
Throughout the day despite 4 hourly doses of 4+ gm. sulphanilamide
there was very little change in his condition and his temperature
remained unaltered. By 7.15 pem. he was very exhausted and his
BeF. had fallen to 55/40., 1t was evident a crisis was imminent
and sublingual therapy was stopped.

Despite energetic treatment with cortical extract and
intravenous infusions of 10% glucose in 5% saline his condit ion
did not improve and at 7.0 pem. the following evening he‘sank into
coma and died three hours later without régaining donsciousness.

Case No. b

D.C., housewife, aged 37 had contlnued treatment since
4th Octe. 1941 on a normal diet with supplementary salt mixture.
15 gm..daily, and 10 mgm, D.0.C.,A. weekly., ©he felt very well,

but occasionally was unsteady in her gait. There was s}ight
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qedema on her lower eyelids and her B3.P, was 118/76. Her serum
sodium was 335 mg.%, serum chlorides 650 mg.7> and plasma
potassium 18 mg.%. On 15th Oct. 1941 she began treatment on
normal diet with the usual supplementary éalt mixture 15 mgm.
daily and D.0.C.A. in propylene glycol o drops 3 times a day

(= 10 mgm, daily); During the next 5 days she was able to
continue with her housework and felt qulte normal. But on
20th Nov, she fainted while doing some housework and though she
recovered ‘'she had freqﬁent attacks of dizziness throughout'the
following day. On 2<nd Nov. she continued to perform light |
duties but felt very weak and unsteady on her legs and did not
feel confident about going out into the street alone. She had
no gastro-intestinal disturbances and there was no evidence of
oedema; her B.P. was 126/74, serum sodium 345.7 mg.%, chlorides
70& mg.% and plasma potassium 20.75 mg.%. She was persuaded to
&ontinue treétment and to restrict her activities, On 29th
Nov. she complained of precordial pain and'repeated attacks of
fainting. Her asthenia had greatly increased and she had been
unable to do any housework, or even to walk upstairs. Thgfe
was no evidence of any oedema in the face, abdomen or ankles,
Pigmentstion was more marked on the flexor joint surfaces of
the fingers and on the back of her neck, Her B.P. was 12%/72
and X-ray of the chest showed no cardiac enlargement. 3 days
later she arrived by ambulance at the Out-Patient Department:melhé
very sick and faint., Since 30th Nov, she had been unable %o

walk and had fainted many times; she had not even the strength
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to take a bath. There was no evidencé of oedema, pigmentation
was uncltered, and her B.P. was still 124/72. During
examination she was unanle to stand and had to lie down most

of the time. Her serum sodium was 367.5 mg.%; chlorides 640 mg. %
and plasma potassium 25.7 mg.%. Sublinguai therapy was stopped
and she was glven immediately 10 ce. eucortone and 5 mg. D.0.C.4.
f.m.i.

- There was considerable improvement 2 days later. She had
had no further fainting attacks and though she was still slightly
dyspnoeic on walking she was able to'do light duties.' T he
was put on treatment with D.0.C.i. 5 mg. twice weekly and
reported in a week that she was uble to carry out all her
household duties witnout any symptoms.

Case No. 7.
G.B., typist, aged 33 had been maintained since 15th July

1939 on a normal diet with no supplementary sglt and with
D.0,C.A. b mge ilem.i. 3 times a week. apart from occsasional
indigestion she had ho.gastro—intestingl disturbances.
Pigmentation was well marked with seversl localised patches of
darker pigment on the left side of her face. Though she did
not feel very strong, she was abdble to carfy out light duties in
the house and she normally rested in bed during the morning.
Costo-lumbar tenderness was present on the right side and her
B.P. was 110/70. |

on 11th April, 1941 she begen treatment on a normal diet

with no supplementary sglt and with D.0.C... in propylene glycol
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&

5 drops 3 times a day (= 10 mgm, daily). After three days she
complained of being very tired and listless though she was still
‘sble to walk about as usual; her 3.. had fallen to 108/6z. She
experienced slight nsusea after taking the drops, but was
persuaded to continue. On 16th aApril she was much brighter and
Said she felt as well as wheh she had D.,0.C.A. by injection and
her 3.F. was 110/70. Two déys later, however, she again
complained -of being very tired and was restless at night. By
this time she had no difficulty in taking the drops. On z3rd
April the onset of nausea and indigestion was accompanied by
incressed asthenia and she had to spénd most of the day in bed;
her B.P. was-lOG/VO. Three days later she was unable to walk
about but there was no further increased asthenia and her 73,T,
was 106/64. On 30th april though the nausea and indigestion
persisted, there was no vomiting or diarrhoea but she complained
of increasing bouts of yawning and did not sleep at all well,
Her B.P. was 102/68 and she spent most of the time in bed. Two
days later, after 2l days' treatment, there was increased
asthenia, pigmentation was unchanged and her 3.,P. was 102/64.
Treatment was stopped snd she began her former parenteral
trestment with D.0.C.A. )

On 4th Nay she was anle to go downstairs and carry out

light dutles; her B.P. had risen to 110/66,
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Case HNo. 9.

AeC., a housewife, aged 40 yeare had been successfully
maintained on D.0.C.A. 5 mgm. intfamuscularly three times s week
vnd salt mixture 15 gm, daily since October 1942. She had no

gastro-intestinal disturbance and was able to walk about and do

normal light household duties. Her skin was deenly nigmented
and her 3.F. was 110/76. On 5th December she begen treatment
with D.0.C.4. in propylene glycol and was instructed to take 6 dropé
every six hours (= 12 mgm. D.0.C.i. daily) and to eontihue |
supplementary salt as usual. After 3 days treatment there waé

no change in her general copndition nor in her B.P., but on the | |
10th December she complained of nauscea and weaknecs in the legs |
‘and srme and her 3,F. was 96/60. By the 12th December the
nauses persisted and sre complained of being quite useless; her |
B.P. wag 102/64. after some persuacion she continued the therapy
for two dayes but by the 14th December she was Very depressed and
on account of the nausea she had enten very little food; her legs

and arme were very weck and she could only walk a few yards, her

B.F. had remained at 102/64. Despite the short period of the

trigl, it was obvious that the dose of 12 mgm. D.0.C.:. daily was

not sufficient for maintenance and the test was discontinued.
after 5 days of treatment with D.O,GZA. 5 mgm._i.m. every

second day she went abouf 88 usual and her B.E; had risen to. H

114/70. She was bright and cheerful and by the 28th December heréi

B.P. was 122/72. When last seen in September 1943 she was being

well mainteined on D.C.C.A. 5 mgm. intrumuscularly twice weekly, |
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Cbmment.,

Whereas the treatment of diabetes mellitus may be
cBntrolled by determihing the sugar content of the blood and
urine, no such simple criterion is available for assessing the
results of any treatment oflgddison‘s disease, On this account
the response of patients with addison's disease to sublingual .
therapy is judged chiefly by éhanges in well being, body weight
and blood pressure. a8 1s evident from the case reports this
method of administration of D.0.C.A. has not produced the good
effects reported in america. There is apparently some ahsorption
of D.0.Ceiss by this route but the amount is not sufficient for
normal maintenance, in spite of the greater daily dose. although
Dunlop(1943) has recently reported much better effects with
sublabial pellets of D.O.C.A.,lthere ié no doubt that from the
pqint of #iew of dependability and economy sublingual therapy is
much less satisfactory than either parenteral administration or

implantation.

Complications of D.O,C.A. Therapye.

Although D.0.C.4i. therapy has proved to be exceedingly
valuable, its use is not devoid of danger and numerous réports
have been published;of mild and severe complications following
_ treatment with D.O0.CsA. by pareﬁgteral administration. |

Hypgrtension.

In 1941 Loeb reported that high blood pressure rgnging
from 146/108 to 175/100 had arisen in some of his patients
following treatment with D.0.C.A. Roth and her colleagues (1941)

suggested that it might be desiraole to keep in mind the poseibility
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of the development of hypertension on prolonged treatment with
D.0.C.Ao They showed that in 10 pstients with .ddison's
discase, who were treated with D.0.C.A. suocutaneously during
& period up to 9 months pboth systolic and diastolic levels
were raised and the response to the cold pressor test was
increased. Indeed the response to this test became greater
as treatment was prolonged. Il was not known, however,
whether any of these patients nad hypertensive disease before
the onset of sddison's, diseass,

In the present study the highest 3.P. records have
been 148/96(Case 3) and 130/104(Case 6).

Oedema.

In 1939 Ferrebee, Ragan, astchley and Loeb described the
onset of oedema in 15 out of 18 patients whom they treated
with subcutaneous injections of D.0.C.A. The oedema varied
from transient puffiness of the face or ankles to massive
anasarcae. Five of the patients complained of tightness of
the chest and respiratory distress, In these patients there
was an increase of venous pressure, a decrease in Vital
capacity associated with X-ray evidence of pulmonary congestion
and dilatation of the heart to the right side. The authors
were unable to explain the mechanism of the development of
this cardiac insufficiency bpbut were inclined to attribute
it to an increase in plasma volume and a decrease in the
serum potassium level. Mc.Gavack (194z) noted the occurrence
of cardiac enlargement when patients were treated with D.0.C.A.

and salt and though he did not seek an explanation of the
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cardiac enlargement, he elaborated a method of controlling
treatment with D.0.C.A. according to the cardio-thoracic ratio.
In the opinion of vunlop(1943) the development of oedema can
be regarded as an indication of the absorption 0f D.0.Ceh ..

It is interesting to note however, that of 1% patients whb
received treatment with D.C.C.A. in the present study only 1

(Case 6) developed oedema.

Case 6.

D.C., housewife, aged 37, was admitted to the Royal
Infirmary, Aug. 9th, 1941 with a history of dyspnoea, fainting
attacks, asthenia, pigmentation and hypotension of 8 months'
duration., Addison's disease was dlagnosed and on Aug. 15th
she was put on treatment with salt mixture 15 gm. daily. nt
the onset of treatment serum sodium was 282 mg,%, chloride
701 mgm,7, haemoconc. 45%, There was no history or evidence of
-osdema and the heart was not enlarged. aAfter 6 days of salt
treatment dur-ing which the asthenia had increased and the 3.T.
had fallem, her serum sodium hsd been‘raised to normal level
and plasma chlorides had increased to 860 mgm,:% She was
then given in addition D.0.C.Ae O mgm. ilemei. twice daily.

Three days later she devéloped oedema of the face and ankles

and her boay weight increased by four lbs. Her B.P., was 92/64.,
Five days after the beginning of D.0.Ceiss treatment she
complained of tightness in the chest, attac%s of dyspnoea,

she felt very thirsty and she had also some diarrhoea. Massive

oedema of the face, ankles and abdomen had developed and there
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wes evidence of merked rescirstory distress; her RB.Y. was
10- /68. At the time of examinztion it was thought thet she

hsd en allergic‘reaction to D.O.C.A.v;nd in view of the danger
of ericis D.C.C.i. was stopped, ond she was given immediately
10 cC. Bucortone i.m.i. The reéovered in sbout b houfs and
thoughAstill dysynoeic was very much immroved. In view of the
dram:tic onset of this oedem: the chest wus X-raved for sny
rossible pulmonsry cause. The radlogrum showed some cardiac

enlargement to the left, but no wulmon:ry lesion. The

m

slt
mixture was stopped and in view &f the initial high blood chloridk
it was decided to wut her on a standard diet and record the

int :ke and output of fluid ¢nd the urinary excretion of

sodium :nd chloride. On “e;t. 4%h treastment with D.0.C....

mgm. l.m.il. twice dalily wae continued for 4 days without

<

any evidence of oedema. After 1 day of addition:l salt

mixture her'face begon to swell und there was some pitting

of the .nkles on pressure. < he compiained aleo of increusing
dysrnoes. Her chest w:e X-rayed but showed no evidence of
¢.rdisc enlargement or pulmonary congestion. During the next
three days.there wzs general incregse in.oedemi, and her B.7.
h:d resched the high level of 146/92. It seemed evident at
this @oint thaf D.0.0.4. =nd salt mixture together produced thak
condition &nd that neither on salf alone nor on D.0.3... alone
did she develop oedema. On £ept. 16th she was put on salt
mixture z2lone and after 4 days' trestment the oedem: had
disavpeared from her unkles and abdomen, but she comclained of

. . b owith DO
incressed sethenia. On 24th Sept. trestment with D.i.
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!

wis recommenced wnd the oedema ag:in develomed. Ag@in there

wi:e no evidence of cardiac enlargeﬁent or pulmonary congestion
wnd on lst Oct. this treatment was storped. After two daily |
injections of Zuycortone the oedema disepreared and her general

condition improved.

Comment,
The rel:tionship of fluid outpﬁt to the development of
oedema in the first phase of treatment is shown in Fig. 5&, 5b.
It will be seen that on salt mixture alone)the outyﬁt varied

between 20 snd 40 ounces per day. There was some appreciable

sbsorption of chloride and sodium as thevblood levels increacsed
to 820 mg.” and. 338 mg.:s respectively. With the institution
of D.0.C.A. therany retention of water hegan on Aug.'25rd but
oedema wae not monifest till 2 days later. AS foon af the
salt mixture was diccontinued the output of fluid increased and
with it the oedems subsided so that by the 30th August there wee
a normal omtput of 40 ounces per d.y and only slight residual
oedems in the_énkles. ' |

When controlled observations on urinary excretion of
chloride and godium were commenced on Sgpt. 4th there ﬁas<a
daily output of 1.3 gm. o and 1.4 gm. C1l; D.O.C.i. Was the
only therapy employed at the time. = With the addition of
supplementary salt on & ent, Bth, as was to be expectedd, there
wes n immedizte increase in Cl snd Na ouﬁput,7but on 9th

Sept. evidence of oedema was nqted'in the ankles and by the
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12th massive oedema of the face hud developed which coincided
with a decresse in both G1 and Na output. Tor some reason not
yet apparént the output rose again and by the 14th Cept. had
‘reached a higher level. The following day the ion output fell.

A further period of treztment with salt mixture élone
began on 16th Sent. and D.O.C.A; wes glven on 24th “ept.,
chloride retention was narticulsrly obviOus/vfrom the 25th
onwards when oedems rrogress ively developed reaching its maximum
on 29th T eprt. Owing to the distress of the patient further
observations hed to be abandoned.

The evidence presented by this investigation cuggests that
the oedema which developed when D.0.C.:. and salt mixture were

given tigether was due to the abnormal retention of chloride with
subsequent water retehtion. It would anpesr that the Ci |
retention in the tissues reached = maximum point after whieh the
voutput begen to arproach the normal level, Wo other‘patients

reacted in this way to D.0.C.A.; Case 2 has never shown any

signs of oedema in spite of a dose of 40 mg. Per week. One
of the determining csuses of the onset of oedems would appear
to be the initial blood Cl level of the patient. There is no

avidence that D.0.C.A. h:es & toxic action on cardiac muscle.

Adynamia.
Loeb (1940 ) described the onset of periodic paralysis

associsted with a decresase in blood potassium as a result of
large doses of D.0.C.A.. He stated that the paralysis was

relieved by the adninistration of potassium chloride and



suggested that the cnset of sudden weakness in pratients treated
with the synthetic hormone might have a similar basgis.

The experience of Hamptop and Kenler (1941) aclready mentioned
lends support to this. In their c.ses the disturbance was.
produced by smaller doses of D,0.C... in combination with a

low potascium diet.

Plasma potassium estimations'have been made in the
present series of putients througiout their treatment but in
no instgnce has there been detected any fall below the normal
‘limits. Even Case 2 who was receiving 10 mg. four times a week
and who complained of muscular weakness in his legs, so muech so
that he frequently stumbled, maintained s normal plasma
pbtassium level.

Probably the failure to relieve muscular weakness is
the absence in D.O.C;A. of s factor to control adynamis;:as has
already been shown the synthetic hormone does not produce all

the effects of adrenal cortex extract. K

Conclusions.

»

The following scheme for the treatment of sddison's

disease is recommended by the author.

1. The patient in a state of acute adrenal insufficiency
or crisis.

Prestment is urgent and must be instituted without delay.
Intravenous infusion of 10% saline and 5% dextrose is commenced
and continued till the patient is able to sit up and swallow

fluids. As much as 3 pints of fluids may.be required in 24 hours,
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cortical extract is bpest given in repeated doses rather thsn in
one single dose daily. ’Not less than 10 ce. should be given
at one time and in the early stages of treatment this shoﬁld be
administered intravenously. It may be necessary to use from
30~100 cc., daily. After the patient responds satisfaéﬁorily corti-
~cal extract may then be given intramuscularlyin doses of 10 cec.
every four hours. at the end of 48 hours it should bne poSsinle
to maintain'the patient on salt mixture by mouth and cortical
extract 10 cc. once or twicé daily by intramuscular injection.
Theregfter D.0.C.A. may be employed in doses of MO mg. intra-
muscularly daily due precaution peing teken with regsrd to the
onset of oedema, till the muintenunce level is ascertained.
Any relapse should be. immediztely treated by intramuscular or
intravenous cortical extract. It must pe emphasised that in
the state of crisis there is no danger of the patient pbeing
overtreated and constant nursing attention is essential.
2. 1Ihe pastlient in a state of chr&nic adrenal insufficliency. |
There is no hard and fust rule for the treatment of the
patient in the stuge of chronicity. Some patients may progress
satisfactorily on a suvnplementary dalily dose of 10-15 gms. of
salt or salt mixture. 4S8 a rule there comes a time when the
patient requires replacement therapy snd for this purvose D.O0.C.A.
is the drﬁg of choice for the effect of cortical extract is too
tranéient. Unlike the treatment of crisis, overtreatment by
D.0.C.A. in the chfonic stage may ne a real danger and supervision

of the patient is necesssry till the true maintenance dose 1is
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reached. The subcutaneous or‘intramuscular injection of
D.0.C.4. in oil is the usual method of adminisfration in the
first place and 1.5 - 5 mgm. per aay may be nececsary.
fatisfactory results may e attained with b mgm. given once or
twice weekly. fhe question of the addition of salt iﬁ diet 1is
a matter whici cen only be settled by trial. any evidence of
cedema should be the sign for withdrawing or reducing
supplementary salt. the mﬁiﬁtenance or increase in weight,
blood pressure and relief from astheni: are the criterig of
successful treztment.

Impkantation of pellets of 100-200 mgm. D:0.C.A. is a very
satisfactory form of treatment and has the sdvantage of
¢liminating the necessity of repeated injections. Before the
implantation of pellets is undertaken, the daily requirements
of D.0.C.A. should be accurstely determined and after the implants
have been administered the patient should be kent under observatior
fof at least 2 weeks, for the effectiveness of the amount §
implanted depends on the speed t which the pellets are "
absorbed. T"he implants should last for from 4 to 6 months.

A4S With the treatment of diabetes mellitus and other
endocrine diseéses, patients with Addison's disease are very
susceptible to infection and violent changes in 2°. . crisis
may be precipltated by aﬁy of these, and it is escential %o
impress upon the patient the necessity of reporting immediately
any diminished response to treatment as a consequence of any

of these hszards of normal life.
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With rational ftreatment and periodiec cunervision,
the prognosis for the patient is incressingly more hopeful;.
not only may his 1life be prolonged but he may, within limits,

take his place as & useful member of society.

|
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SUMMARY AND CONCIUS IONS .

In a description of the signs and‘symptoms 5f Addison's
disease particular Weference is made‘to the various ehemicél
vathological chanses whichn are characterlgtle of adrena1
insufficiency in animsls and in man. These ckanwe% signify
a disturbance in the osmotic balanoe between tissues and

the role 0F histamine as a possinle cause of the altered
permeablllty of cells is discusced. ihe relationshin
between the cortical secretion of the adrenal gland and the

amount of histamine vresent in the blood is considered.

It has been sShown that there is an increase of over 100%
in the blood histamine of adrenalectomised rabbits, and that
the blood nistamine level of these animals is considerably

reduced after the administration of cortical extract.

In patients with sddison’s disease not only ig the blood
histamine considerably greater than in normal persons, but
the distripution of histamine between plasma and blood cells
also differs. i'his distriuution'of histamine is restored
to a more normal ratio after the administration of D.0.C.A.
These findings afford some cvidence of an anti-histamine

.
function of the adrenal cortex.
There is little evidence of any direct relationship between
the histamine content of plasma and the blood pressure of
patieﬁts with addison's disease or other patients with

arterial hypotension.
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fhe diffieulties of diagnosing 4ddison'$ disease in the

early stages’are discuseed and various tests foxr adrenal
insufficiency are describved. It is concluded that the
rRobinson, Power and Kepler‘excfetion test ls,at present,
the most dependable meti:od of determining adrenal

insufficiency.

me occurrence ¢f disease of the endocrine glands in
association with iddison's disease is reviewed and a
rare case of diabetes mellitus in a patient with

Lddison's disease is described in detail.

The treatmenf-of addison'c disease in the acute and chronic
vhases is discugsed and yparticular reference is méde to thre
value of D.C.C.A. therapy. The metrods of administration
of this hormone are considered at length and some

complications resulting from, its use are describved.

It is concluded that iddison's disease,- like diabetes
mellitus, can be successfully treated and that the patient,

under supervision, may pursue a life of usefulvactivlty,
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ADRINALAECTOMY OF RaBBITS.

Technique of One Stage Operation.

Male ravbits 3-4 months old were used. The abdomen was
shaved and swabbed with 0.l1% aqueous iodine solution. A left
para-median.incision of 4 inches was made; skin and muscle were
retracted and protected with sterile cloths and the peritoneum
exposed. After incising the peritoneum warm sterile cloths
were wrapped in the abdominal cavity and were used to protect
the intestines as they were moved ansout, |

As_the right adrenal gland is adherent to the inferior
vend cava and is the more dificult gland to remove it Was always
extirpated first. The right kidney was located and reflected f
from its bed of fat, The renal veiln was exposed and traced to |
the inferior vena cava; about 1 cm., superior to this point the
suprarenal gland was usually found. The liver was carefully
reflected upwards with gauze pads, great care peing hecescary
to avoid haemorrhage. When the suprarenal gland had been exposed
and cleared of its adventitious tissue, the superior and inferior
suprarenal veins were ligated and cut. The adrenalectomy

clamp was carefully interposed between the gland and the inferior

vena cava and a ligature tied between the vensa cava and the clamp.
A fine iridectomy knife was used to extirpate the gland. Careful |
search was made for any accessory glands and when found they were
removed.

The left adrensl gland lies just superior to the junction
of the left rensl vein and the inferior vena cava and is not so
intimately associated with the inferior vena cave as is the

right adrenal gland. Removal of this gland presents no difficulty
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The wound was closed in layers and a pad of gauze was
supported over the abdomen by a linen cloth which was strapped

to the back of the animal by means of four pieces of tape.

THE DETERMIN .P’TON OF THE HIS MwINE CONTENT OF BLOOD.

Extraction of Histamine from blood.

For the quantitative estimation of histamine various
, methods have been devised to extract the histamine from
biological fluids and tissues (Thorpe (1928); Gaddum and Schild

(1934)).

In 1935 Gaddunm and Barsoum described a method of

extracting histamine from blood. Ihis method was modified

by Code(1937) and further modified by Anrep, Barsoum, Talaat

and Weininger (1939). In principle the method consists in

deproteinising the blood with trichloracetic acid and refluxing

the filtrate with conc. hydrochloric acid for 1+ hours.  This

destroys other depressor substances in the biood and the tri-

chloracetic acid. Ihe solution is evaporated in vacuo with the

aid of absolute alcohol to remove potassium and other inorganic

salts and the filtered solution evéporated under reduced pressure

to dryhess. The residue is extracted with water and th? filtrate

neutralised with N/5 NaCH using brom-thymol blue as indicator.

Details are shown below:-.

1. Add known volume blood tO0 O CeCe 10% trichloracetic acid and

mix well. Leave for % to 1 hr. Filter by suction (filtrate

must be clear ) and wash with 4 portions b ce. 10% trichlor-

gcetle scid.
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. TIrsnsfer to flask and add 10 cec. conc. HC1. : boil for 90 min.
in flask with reflux air condenser. (Add water during poiling
if necessary). deduce volume to less thaen 5 ce.

Se Add 10 cc. absolute alcohol (saturated NaCl) snd dry in

vacuo on water bath,

4. Extract dried residue with 6 cc. absolute alcohol (sstursted

NaCl) and filter. repeat extraction with 3 X 6 cc. absolute

alcoholv(saturated HaCl). Bulk filtrate and evaporate to
dryness in vacuo.

. Add & cc, distilled water to dried residus, mix thoroughly
and leave for 10 min., Filter. Repeat extraction with
£ X & cc., water. Neutruslise combined filtration with N/5

NaQOH using brom-thymol blue or thymol blue as indicator.

Assay of extracts containing histamine.

While some colorimetric methods of estimating histamine

have been described (Pauly, (1905); EKnoop(1908); Zimmerman (1929))

' no purely chemical method has been found surficilently sensitive
to estimate the small amounts of histamine in tissues and
biological fluids.

the blological methods of assaying histamine may be
cgrried out on the intact animal or on isolated tissue.
Phe unsesthetised cat is usually employed in the former method
and comparative observotions are made on the effect on blood
pressure of injecting‘alternately known amounts of a standgrd
solution of histamine, and of the extract to be tested. this
method is not very sensitive and is unsuituble for the

detection of the small amounts of uistamine which are present

in blood.
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Barsoun and Gaddum (1935) described u speecific and
sensitive test for histamine which is based on the observation
mede by Guggenheim and Loffler(1916) that the muscle of the
. lower part of the guinea pig gut is‘very sensitive to smgll

amounts of histamine.

Appsratus.
| The apparatus(Fig. 6 consists of a small glass bath

of 2 cc. capacity which is immersed in an outer brass eylinder
mzintained at a constant temperature of 37°C. The perfusion
fluid is Tyrode's solution which circulates from the reservoir
through a coil to the inner bath. A constant flow of oxygen is
delivered to the bath through a hyvodermic needle. An outlet
for the bath i provided by a glass tube projecting from a small
rubber stopper which serves as a base for the bath. A loop of
thin platinum wire is secured to the rubber stopper and is used
&S =n anchor for the isolated tissue.

A piece of the lower part of the ileum is carefully
excised from & newly killed guinea pig. The tissue is Washed
with Tyrode's solution and to a portion of about 2 inches,

a ligature of white cotton thread is sewn on each end. One
end of the gut is anchored'by means of the ligature to the
platinum loop and the other is attached by the other thread

to g recording lever. Th%lever is adjusted to record its

movements on a smoked drum revolving at O.l mm. per second.
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Tyrode's Solution for perfusion bath.

Sodium chloride 8.00 gm.
Potassium 0.20 gm.
Calcium " 0«20 gn.
Magnesium " 0.0l gnm.
Dextrose ' 1.00 gm,
Sodium di-hydrogen phosphate 0.05 gm.
oodium bicarbonate ) L.00 gm.
Glass distllled water to . 1000 cec.

Afrgpine sulphate 045 ug. is added before final dilution to
itre.

& tandard Solution.

The standard solution of histamine is freshly prepared ,
by dissolving histamine scid phosphate in Tyrode's solution
to produce g 3 in 1 thousand solution of histamine acid phosphate.
e activity of the solutidn is expressed in terms @f the base
histamine whieh is 1/3 of the salt, so that the standard
solution is 1 in 1000 histamine. Sultable dilutions of this
golution are made varying from 1 in 10 million to 1 in 40
million (0.1 - 0.025 ug. histamine per cc.) The test and
standard solutions are delivered from a microsyringe and the

amount of solution added to the bath should nqt exceed 0.2 cc.

A definite 2 minute cycle of events is established as
follows:

The drum is run for %~ﬁinute to record the position of
relaxation of the gut. With the drum still running the
histamine solution is added and a record is obtained of the
contraction of the gut during + minute. The drum is stopped
and the gut is washed by emptying and refilling the bath 3
times. The gut’is allowed to reiax for the remainder of 1

minute, when the cycle is started again,
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The method of comparison is carried out according to
the sequence S.T.7.8. (Fig. 7) though this may be altered
to the sequence S.T.S.7T. Comparisons are made within
0.005 - 0.01 cc. of solution depending on the sensitiviﬁy
of the gut. The activity of the extract, after'making due
allowance for‘dilution, i1s expressed in ug. histamine per
C.Ce blood. |

For exampple: S5 0.1 T 0.064

S 0.1 T 0.060
S 0.1 = T 0.062
where © = 1 in 40 million histamine,

S 0l = T/1 0,062, T = € = 1,61 S

ol .
.062
But & = 0.025 ug. histamine/cec.
T = 1.61 X 0.025 = 0.04 ug. histamine/cc.
But T was dilyted from 4.5 cc. blood to 6.0 cc. extract.

Samplevcontaiﬁs 0.053 ug. histamine per cc. blood.

Verifying the Results.

Three biological methods are available to conf;rm that
the substance tested is histamine: 7

1. Barsoum and Gaddum (1935) showed that the hen's
rectal caecum is élso very sensitive to histamine and its
tissue can be used as an additional test to verify the results
obtained by the guinea pig gut method.

2. A large dose of histamine is asdded to the guinea

pig gut bath, the gut is alloﬁed to relax after the contraction.

Subsequent small doses of histamine fail to produce any further
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contraction, though the gut responds normally to injections
.of posterior pituitary extract or barium chloride (Fig. 7!
| 3. The test solution is incubated with s suspension
of histaminase for 24 hours at 37°C. The solution is then
assayed for histamine and compared with its activity before
incubation. With the concentration of histamine in blood

no acfivity is found after incubation.
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ASSAY OF HISTAMINE - ISOLATED GUINEA-PIG GUT.

PIG* 7. Assay of histamine.

Left: Methods of comparing Standard and Test.
Centre: -do-

Right: Test for verifying activity due to
histmaine.
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CUTLER, POWER AND WILDER EXCRETION TEST.

The following techniyue which is a feplica of the method
used by Dryerre(1939) was used: |
No extra salt or cortical extract during the previous
24 hours. |
Diet: High potassium - low sodium chloride content.
1st Day
' 8.0 a.m, Start diet. DPreserve all urine passed,

3.0 pem. Potassium citrate 92 mgm./kg. given in water
by mouth. '

8.0 pem., Collect lst batech of urine.

e2nd Day.

8.0 a.m, Collect :nd batch of urine., Withdraw blood for
' Na, X and Cl, determination.,

11.0 a.m. Potassi&m citrate 92 mgm./kg. in water by mouth.
840 ?.m. Collect 3rd batch of urine,
drd Day.
8.0 @aem, Collect 4th bateh of urine,
630 8.m.20 cC. fluid/kg. body weight by mouth.
10.0 &.m. Withdraw blood for Na, K and Cl. determination.
12.0 a.m. GCollect 5th batech of urine. Finish teste Put

on low K diet and give 5 mgm. D.0.C.A. i.meie
or 20 cc. cortical extract if necessary.

Typieal high potassium-low sodium chloride diet.

approximate contents. Carbohydrate, 203 grams. Prgotein, 46 grams.

Fat, 73 grams. Calories, 1650, Potassium, 4.23 grams,
Sodium Chloride, l.7 grams.

The quantities are given below in grams,
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Breakfast, Banana, 80. Bread - white, 40. Butter-unsalted, 10.

Tea - two cups (300 cc.) with cream 30 grams, and
sugar 107grams.

_ Dinnerf Meat, 60, Vegetable (carrot or canbage or turnip),

50, Potato, 100, Butter- unsalted, 5. Cerea! pudding
30, (10 grams cereal, 1! grams.sugar, + egg and 150
grams milk).

_ Tea. 1 egg. Bread - white, 40. Butter - unsalted, 10,

TPomato, 50, Tesa - two cups (300 ce) with cream 5
grams, and sugar 10 grams.

Supper. Bread - white, toasted, 30, Butter - unsalted, 8.
Orange, 120. Tea - two cups (300 ce.) with milk 50

grams, and sugar 10 grams.

In addition to the apove, the patient has during the day
1 pint of Imperial Drink (100 cc. orange juice, 8 grams cream of
tartar, 20 grams sugar, made up to 1 pint with water). The
inclusion of this is essential‘in order that the diet may have a
" sufficiently high potassium content. |
All food to be cooked withdut salt. Nd Salt served with

food.
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LOW POTASSIUM DIET,

4 selection may be made according to the following tables:

BREAKFAST .
Kellog's all-Bran or Cornflakes. Wholemeal bread.
Bacon or Ham,. Sausage.

avoid: DPorridge, malt-brezd, coffee.

DINNER,

Sou§s: Potato or mixed.
Vegetables: Baked beans, boiled carrots,
Fish:, Haddock, kippers, lobster, shell fish, tinned
salmon, sardines, bloaters, .
Meat: Stewed meats not fried. Yorkshire pudding.
Salt pork, kidney, tongue.
Sweet: OStewed figs, cooked pears, jam roll, suet pudding.

any cheese and plain biscuits.

Avoid: Mustard, curry or more than a little pepper.
Potatoes unless cooking water changed at least
twice,.

Herring, conger eel.

Mutton chops.

Apple dumpling or pudding.
Banana, rhubarb tart.

Rice, sago, semolina, tapioca.

TEA :
Bread: white or wholemeal. Bufter or margarine,
Gakes: Cherry, ginger, and chocolate. Ginger bread or
biscuit.
Pastry: Flaky and short.

Avoid: Currant cakes, mince-meat.
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