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General Introduction

It is now well established that either primary or secondary effects of
the adrenocortical hormones affect the kidney function, sweat and saliva,
cardiovascular system, nervous system, mugele function, carbohydrate
metabolism, protein metabolism, fat metabolism, vitamin metabolism, electrolyte
and water metabolism, lymphoid tissue, reticuloendothelial and mast cells,
blood and bone marrow, malignancy, bone, skin and hair, appetite, resistance to
damage, cellular reaction to inflammation and injury, sensitivity and
antigen-antibody reactions, susceptibility to infection,thyroid gland, gonads
and lactation (Pincus, 1962), Thus, it seems that there are few, if any,
tissues or bodily processes which are pot influenced by adrenccortical hormones,

However, we owe our present-day concept of the importance of the adrenal
cortex to the early observation of Addison (1855) who described the eclinieal
features of the disease bearing his name, and who suggested that these glands
are essential to health and that death occurred in their absence,

Soon after, Brown-Séquard (1856) proved the vital importance of the
adrenal glands by his studies of the effects of bilateral adrenalectomy in
experimental animals, But it was not until the beginning of this century that
serious attempts were made to prolong the life span of adrenalectomised animals
by injection of the adrenocortical extract,

The success of these experiments started an avalanche of investigations
aiming at isolation and chemical identification of the active prineciple. Thus
in 1930 an extract of the adrsnal cortex was prepared simultaneously by two
groups of workersy Hartman and Brownell, and Swingle and 'Pfiffner, and soon
after, isolation of the individual active hormones began , It was the work of

Wintersteiner,/
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Wintersteiner, Kendall, Reichstein and their associates (Wintersteiner and Pfiffner,
1936; Mason et al, 1937; Mason et al, 1938; Reichstein and Schoppee, 1943)
that made possible the chemical identification of a large group of the
adrenocortical hormones and shed more light op their physiological signifiecance,
Since then, more than sixty adrenocortical hormones have been isolated and
identified,

Semiquantitative tests for the assessment of adrenocortical function, by
making use of the laboratory animals, started in 1938 when Anderson and Haymaker
prolonged the life of adrenalectomised dogs by injecting them with sera from
patients suffering from Cushing's syndrome; adrenalectomised dogs injected
with sera from normal subjects acted as controls, COther biological tests were
also used in these early days, such as assessment of the degree of protection
from exposure to cold after injection of serum, the use of urinary extracts to
measure the survival time of adrenalectomised rats on exposure to cold, the
degree of deposition of liver glycogen in fasting adrenalectomised rats, the
extent of fall of circulating eosinophils in the adrenalectomised mice or the
degree of sodium retention and potassium excretion in the adrenalectomised rats.

Chemical tests for the quantitative estimation of adrenocortical function
started in 1945 when Talbot and co-workers estimated the urinary corticosteroids
by a colorimetric reaction and Hemphill and Reiss (1947) using the same
colorimetric reaction to estimate corticosteroids in blood., These methods
lacked specificity but, since then, marked advances in the field of chemiecal
analysis and estimation of adrenocortical hormones have occurred with the result
that a great number of simple and reliable tests of adrenocortical function have
been introduced. These tests are nowadays of an immense help to both the
eclinician, helping him to combat the various adrenocortical dysfunctions, and
the biochemist, helping him to clarify further the role of the adrenal cortex
in human life,






The cells of the adrenal cortex arise from the celomic mesoderm of the
posterior abdominal wall and condense into a small cluster of acidophilic
cells between the root of the mesentry and the genital ridge., Cells of the
genital ridge may, therefore, be ineluded in the cortex, and this explains
the occurrence of androgenic and estrogenic activity in the adrenal cortex
later in life, as well as the frequent occurrence of adrenal rests in the
testes, ovaries, spleen and in other tissues (Graham, 1953). It is estimated
that as many as twenty percent of normal subjects have accessory adrenocortical
tissue which is potentially capable of secreting steroid hormones (Forsham,
1962), later, basgophilic cells gradually surround and permanently replace the
acidophilic ones. Although the adrenal cortex and medulla form cne anatomical
structure in the adult human subjects, yet the medulla has a completely different
origin, namely from ectodermal neurogenic cells migrating down from the neural
crest, Secretions and physiological actions of the adrenal cortex and medulla
are thus completely different; the cortex secretes steroids and the medulla
secretes catecholamines, and no direct functional relationship between them has

been proven in man,.



The normal human adrenal glands weigh between 5.0 and 7,0 grams each
(Forsham, 1962). However, Studzinski and co-workers (1963) noted a
difference between glands removed at autopsy, the mean weight of each of
which is 6.0 grams, and those removed at operation, the mean weight of
each of which is significantly less, namely 4.0 grams,

The human adrenal cortex is composed of three zones surrounded by
a capsule, The first zone lining the capsule is the zona glomerulosa,
which varies in thickness in normal glands from a prominent layer to
almost nothing (Symington, 1961) but which usually constitutes a tiny
fraction of the cortex, The c¢ells are arranged in cords which form a
basket-work parallel to the surface of the gland and there is no sharp
division between this zone and the underlying zona fasciculata., The cells
of the zona glomerulosa contain some lipid and are rich in ribonucleic acid,
mitochondria and dehydrogensse enzymes (Symington, 1962), It is well
established now that the zona glomeruloga is concerned mostly with aldostercne
secretion,

The zona fasciculata, the widest zone, is composed of radially oriented
strands of cells separated by capillaries, Under basal conditions, these cells
are filled with large lipid globules which are removed during preparation of
paraffin sections leaving clear spaces, and thus they were called vacuolated
or "elear cells", Since these lipid droplets possess optical and staining
properties characteristic of cholesterol esters and cholesterol, it has been
concluded that such substances are present in abundance as components of the
lipid droplets (Symington, 1962). The cells of this layer are poor in
ribonucleic acid, alkaline and acid phosphatase, dehydrogenase enzymes of the
citric acid cycle and contain only a few mitochondria scattered in their
eytoplasm (Symington, 1961, 1962).

The
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The clear cells of the zona fasciculata change abruptly into the "compact
cells" of the zona reticularis which are arranged in alveoli separated by
ginusoids. These cells are small and have scanty lipid droplets and their
ecytoplasm is eosinophiliec, They are rich in ribonucleic acid, alkaline and
acid phosphatases, dehydrogenases of the citric acid cycle and packed with
mitochondria, Mitotic division has been demonstrated only in the compact
cells of the cortex,

On section, the outer zone of the cortex is yellow in colour and the
inner zone corresponding to the reticularis is brown,

The extensive study of Symington, Grant and their associates of the
histochemistry of the adrenal cortex has contributed a great deal to the
present-day concept of the relationship between the histochemistry and the
functional zonation of the adrenal cortex. Thus, in 1962, Symington reviewed
previocus evidence and concluded that stress caused by conditions such as
severe burning, coronary thrombosis or severe infection,.leads, within twelve
to twenty-four hours, to 'focal lipid depletion' of the zona fasciculata,

During this period, the gland elaborates and secretes large amounts of steroid
hormones, If stress continues, complete lipid depletion occurs and the zona
fasciculata and the zona reticularis become a uniform zone of engyme~-rich but
lipid-depleted compact cells. These changes may be compared to those produced
by administration of ACTH (Symington, 1961) under the effect of which clear cells
change to compact cells. Lipid depletion after ACTH occurs in a regular manner
and involves the inner aspect of the whole of the zona fasciculata., With large
doses of ACTH, depletion extends outwards to effect a complete change in the
whole cortex and with smaller doses, cellular transformation from clear to

compact/
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compact cells involves only half of the fageiculata, but it does so in a
diffuse and not a focal manner., Under the effect of ACTH also, it was
noticed that little or no change in the histochemistry of the zona reticularis
occurs while the fasciculata content of alkaline and acid phosphatases,
dehydrogenases and ribonucleic acid become abundant, mitochondria increase,
the ratio of cortisol to corticosterone in the adranal-vain effluent increases
and the llp-hydroxylase of the whole gland increased markedly.

From these and previous observations, it was concluded that, firstly,
the zona reticularis in man is the site of production of the C-21 steroids
(with the exception of aldosterone, which is believed to be secreted by the
glomerulosa zone) and prohahly also the C-19 androgens and the C-18 estrogens;
secondly, the clear cells of the zona fasciculata are a storage zone for
steroid precursors (cholesterol and cholesterol esters)s and thirdly, in
conditions of stress and after ACTH stimulation the steroid precursors in the
cells of the of the zona fasciculata, nearest to the zona reticularis, are used
for steroid biosynthesis in the cells of the zona fasciculataj and lastly,
this result~ in time in the morphological, histochemical and enzymic changes
previously described. However, these workers (Griffiths et al, 1963) were
able to prove very recently that llp-hydroxylase activity and free cholesterol
content were equal in both clear and compact cells and thus the increased
1lp~hydroxylase activity previously observed in glands of ACTH-treated patients
could not be explained cn the basis of increased number of compact cells, but
could be attributed to the compact cells newly formed, under the influence of
ACTH, from clear cells at the fascicular-reticular border. Also, 11f=
hydroxylase activity could not obviously be related to the number of mitochondria,

These/
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These workers also isolated llp-hydroxy-androst-/j-~ene-3,17-dione from both the
reticularis and fasciculata zones, a finding which was not in keeping with
these zonation theories which attributed adrenal androgen production to the
reticularis zone alone, Accordingly, these workers modified their earlier
hypothesis to include the view that clear as well as compact cell zones
contribute to a daily basal secretion of cortisol and adrenal androgens with
prineipal effect of ACTH on clear cells, and that as far as sterocid bicsynthesis
is concerned, it is possible that the functioning of the clear cells of the
zona fasciculata in man is a safety mechanism designed to provide additional
cortical hormone in emergency; if the emergency is prolonged, the functioning
of the clear cells may give time for the cortex to increase enzymes and structures
required to meet the contimued demand for corticel hormones. Thus the
previously observed changes in ribonucleic acid and phospholipid, and the well
established increased uptake of amino acids by the adrenal cortex in response to
ACTH would be in keeping with this theory.

Rich arterial blood supply reaches the suprarenal cortex from the aorta,
phrenic artery, renal artery and sometimes also from the ovarian or internal
spermatic ariery. Some sixty arterioles may be found, and these break up into
sinusoids which traverse the substance of the adrenal and end in large venous
lacunase in the medulla from which blood is collected in a single large vein, the
adrenal vein, and in a number of smaller ones. Thick longitudinal muscle
bundles are present in the wall of the central adrenal vein, these are evenly
concentric in the centre of the gland, but on either side they become typically
eccentric, Capillaries or venules coming from the cortex enter the lumen of the
central vein only between the longitudinal muscle bundles and never through the

thin/
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thin side of the vein wall (Symington, 1962), The importance of the hemodynamies
of this portal circulation lies in the fact that blood-borne digeases, like
tuberculosis, tend to destroy the adrenal gland more extensively, while sponjaneous
atrophy affects mostly its inner layers, which are poorly oxygenated. Moreover,
no secretory nerves have been demonstrated in the adrenal cortex, but only
autonomic ones which either directly pass on to the wall of the central vein or
pass without branching into the medulla, The importance of the musculature
and innervation of the central vein will be discussed later in connection with

regulation of secretion of hormones by the adrenal cortex,



All steroid hormones are ultimately derivatives of the cyclopentancper-
hydrophenanthrene ring or its methylated derivative sterane (see figure 1).

The hormones of the adrenal cortex contain either 21, 19 or 18 carbon atoms.
C=21 hormones comprise the corticosteroids and precursor hormones, often
referred to as 'progesteroids', C-19 derivatives comprise the androgens and
C-18 derivatives, after aromatisation of the A ring, yield estrogens.
Corticosteroids are often subdivided into two sub-groups; ‘glucocorticoids!
which are hormones particularly active in carbohydrate metabolism and
relatively less active in electrolyte metabolism, the mogt important of which
by far in man is cortisol (Mason and Sprague, 1948; Bush and Sandberg, 1953
Romanoff et al, 1953; Hudson and Lumbardo, 1955), and 'mineralocorticoids'
which are hormones having weak action on carbohydrate metabolism but exert

a pronounced effect on electrolyte and water metabolism, the most potent of
which is aldosterone,

Steriocisomerism occurs among the hcrmones of the adrenal cortex. This is
designated as 'cis! and 'trans' when relating ring A and B; C and D are always
in the "trans' position in biological compounds, Substituents in ring A and B
are named with reference to the methyl group at C-10 which is assumed to be above
the plane of the ring. Beta groups lie above and alpha groups below the plane;
the former link is represented by a solid line and the latter by a broken line

CH H C
| 3 I |H3
€210 —— C=5 C=10—— C-5
H
"hetal "alpha"

In the adrenal steroids, all active compounds carry a 21"p"=-alpha ketol
group and a 17 alpha-hydroxy group, whereas the ll-hydroxyl, a hallmark of adrenal
origin,/
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origin, is in the beta position. However,; a hydroxyl group, and not a ketone
group, at C-1l is necessary for activity of the hormone (Bush, 19563 DPush and
Mahesh, 1958) all active corticosteroids possess a double bond between C=/ and
C~5 and an oxygen atom at C=~3, an arrangement commonly referred to as AA.-BG-

ketone group.
"rivial names' are frequently used instead of the 'chemical names'

of these hormones (see appendix II).



This was studied in the past by either perfusion of the isolated
suprarenal gland and isolating the hormones emerging from the main vein
(Hechter et al, 1950), by cannulation of the suprarenal central vein
during operations or by isolation and identification of gteroid hormones
from adrenal slices or homogenates (Plager and Samuels, 1952; Wettstein,
1954), Since the introduction of isotopes, however, more accurate
observations can be made either in vitro, by incubation of adrenocortical
slices with labelled steroid substrates and isolation of the labelled
transformation products, or ing vivo by injection of the labelled precursor
and isclatien from the blood of its transformation products.

In the cortex, cholesterol is formed from acetate (acetate - aceto-
acetate —) Mevalgonate -) squalene - lanosterol -y zymosterocl-> desmosterol—
cholesterol),

Cholesterol is believed to be the precursor of all steroid hormones,
and the adwinigtration of an inhibitor of cholesterol biosynthesis,
triparanol (MER - 29), which blocks cholesterol formation by inhibiting
reduction of the 24,25 dcuble bond of desmosterol, results in a signifiecant
diminution of cortisol and aldosterone secretion (Melby et al, 1961).
levertheless, in vitro studies showed that adrenocortical steroids could be
produced directly from acetate without the intermediate formation of cholesterol
(Melby et al, 19613 Forsham, 1962) and accordingly, although corticosteroid
synthesls from cholesterol could be sometimes blocked, secretion rates and
plasma levels of corticnsteroids will not be affected, probably by diversion of
corticosteroid synthesis to a non-cholesterol pathway (Melby et al, 1961;
Ney et al, 1962),

A/
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A number of enzymes affect the biosynthetic transformations to the various
corticosteroidss These include specific hydroxylases, which introduce hydroxyl
groups, dehydrogenases, which affect removal of hydrogen atoms, reductases,
which change ketone groups into hydroxyl groups, and isomerases. These
specific enzyme systems include co-factors such as DPN or TPN, located in
the microsomes, mitochondria or cytoplasm.

The first step in the biosynthesis of corticosterolds is the formation
of ( A5-prognenalm) from cholesterol by side-~chain scission, possibly through
the intermediate formation of 20-hydroxy-cholestercl followed by cleavage of
the side chain. This step is believed to be enhanced by corticotrophin,
Frogesterone is then formed from ﬁ-pregnenolona. This step is catalyzed by
two enzymes; 3p-hydroxysteroid dehydrogenase found in the microsome and DFN
. or TPN dependent, and A-5, ﬁ' isomerase in the supernatqnt. The different
bilosynthetic pathways of corticosteroids are shown in figure 1. It is
desirable, however, to sum up the present-day concept of cortisol biosynthesis.
The main pathway from progesterone involves 17-hydroxylation to 1l7a-hydroxy-
progesterone followed by 2l-hydroxylation to ll-deoxycortisol and finally
1l~-hydroxylation to cortisols A second possible pathway is through ll-
hydroxylation of progesterone to llp-hydroxyprogesterone followed by 17-
hydroxylation to 2l~deoxycortisol and finally 2l-hydroxylation of the latter
compound to cortisols A third hypothetical pathway would be through 21~
hydroxylation of progesterone to ll-deoxycorticosterone followed by 1ll-
hydroxylation to corticosterone and finally 17-hydroxylation to cortisol.

In these :;ajor and hypothetic pathways of cortisol biosynthesis the enzyme
3B~hydroxysteroid dehydrogenase acts prior to 1lf~, 17u= and 2l-hydroxylations.
But the recent discovery of 2l~-hydroxypregnenolone in human urine (Pasqualini
and/



-1l3 -
and Jayle, 1962) suggested the existence of an alternate pathway for cortisol
biosynthesis, in which the enzyme 3p-~hydroxysteroid dehydrogenase either
acts after 2l-hydroxylation of pregnenclone to give deoxycorticosterone or
acts after both 21~ and 1llg-hydroxylation to give corticosterone,

learly fifty steroids have been isolated so far from the adrenal cortex, but
only nine have been shown to be secreted into the blood, the remainder
being intracellular intermediates. The nine hormones secreted into the blood
include the progesteroid, progesterone; the estrogen, estradiol; the
androgens, DHA,zfﬁ-androatanedione and 1lp~hydroxyandrostenedione and the
corticosteroids, cortisol, corticosterone, aldosterone and ll-deoxycortico-
sterone,

The characteristic features essential for corticostercid hormonal activity
are firgtly the steroid nucleus, secondly the oxygen attached to C-3, thirdly
the double bond between C-4 and C-5, and fourthly the side-chain on C=17
(Cope, 1961). In some hormones other additional features are important, e.g.
a hydroxyl zroup at C=17 in glucocorticoids, a hydroxyl group at C-l1l in
cortisol, an aldehyde group at C-18 in aldosterone, etc.
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Fhsgzgzéinveatigationa have helped clarify the mechanisms involved in the
synthesis and release of corticosterolds as well as maintenance of strueture and
growth of the adrenal cortex cells. The concentration of total cholesterol is
higher in the adrenals than in any other tissue but the nervous system; 80-90%
of this cholesterol is esterified. The adrenals synthesise cholegterol and
its esters freely and it also receives a good deal from the plasma, Also, the
adrenals have relatively high concentration of glycogen in the zona faseiculata gng
zona reticularis but very little in the zona glomerulosa. Both severe stress
and injection of ACTH cause pronounced decrease in the quantity of cholesterol
and rapid depletion of glycogen from the adrenal cortex, The adrenal lipids
are not decreased significantly until the glycogen is almost gone, These
changes are associated with a maximal release of adrenocortical hormones
particularly cortisol and corticosterone. Bearing in mind that glucose-b-
phosphate dehydrogenase is also plentiful in the zona fasciculata and zona
reticularis but low in the zona glomerulosa, the following sequence: of events
seems significant in synthesis and secretion of cortisol from the adrenal cortexs
ACTH stimulates formation of 3'-5'-cyclic adenosine monophosphate, which, with
various co-factors, leads to the activation of phosphorylage, The latter
accelerates glycogenolysis, thus inecreasing glucose-b6-phosphate and
consequently acetate and cholesterol synthesis. Sinece a very active
hexosemonophosphate shunt is present in adrenal tissue, the amount of
glucose~b=-phosphate metabolised via this pathway is increased, with the result
that more TPNH is produced which accelerates splitting of the cholesterol
gide chain and reduction of certain steroids leading to increased synthesis of

corticogteroids,

ACTH/
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ACTH also enhances adrenocortical cell growth, These postulated
actions of ACTH are illustrated in figure 2, In the human being ACTH,
secreted by the basophil "beta prime" cells of the anterior pituitary, is
responsible for these changes, It has long been established that the
adrenal cortex is under the control of the pituitary gland and that the
gecretion of ACTH by the pituitary gland is inversely related to the level
of eirculating glucocorticoids (Sayers and Sayers, 1948; Sayers, 1950).

No secretory nerves have been demonstrated in the adrenal cortex, It was
also suggested a long time ago that the anterior pituitary is at least
partially under the control of the hypothalamus (de Groot and Harris, 1950;
Hume and Wittenstein, 1950),

The principal mechanism responsible for and regulating the secretion of
cortisol from the adrenal cortex is called the "servo mechanism" or the
"negative feed-back mechanism" (figure 3) whereby cortisol is secreted from the
adrenal cortex into the circulation, and its level in the blood which reaches
the anterior pituitary specifically controls the synthesis and release of ACTH,
But this blood, derived from the superior hypophyseal artery, reaches the
capillary complexes of Fumagalli in the upper neurohypophysis and passes to the
portal sinusoids which conneet the posterior and anterior pituitary. There is
also evidence to suggest selective uptake of cortisol by the neurchypophysis.
Thug, the negative feed-back mechanism itself is under neurohypophyseal control,
Cytochemical, radioisotopic and electron microscopic studies have further
suggested that neurohormones are elaborated in submicroscopie form in Beor;::ﬁif
neurones the terminals of which abut on neurosecretory cores on pituitary peeter
vessels in the neurohypophysis (Sloper, 1962). Transference from a nervous
tissue/
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tissue Into such vessels must involve the penetration of the so-called
"blood~brain barrier". These neurchormones have ACTH-releasing activity
and are ealled corticotrophin - releasing factors (CRF),among which are
vasopressin and similar polypeptides, the polypeptide {rom neurohypophysis,
the pepsin -~ labile extract of the median eminence and other unidentified
substances, The neurosecretory process involves the synthesis of the
posterior pituitary principle in the neurones of the supraoptic and
paraventricular nuclei of the hypothalamus (SON and PVN) and their transfer
down the axoplasm of these neurones (the neurosecretory fibres of the median
eminence of the upper neurohypophysis) to be stored in, and released from,
their terminals in the infundibular process in submicroscopic form
(0l p in diameter) which, when aggregated constitutes the microscopic
"neurosecretory granules" (1 - 2 p in diameter). The depletion of the latter
granules is a measure of the activity of the hypothalamo - neurohypophyseal
gsystem, and their accumulation is a measure of the secretory reserve of this
system. Fargmamn (1954) was the first to show that such material is also
occagionally found near the vascular complexes of the pituitary stalk, an
obgervation which led to the inference that it might be related to the control
of anterior pituitary function. Studies have also shown that the tubero=
infundibular and other nuclei are very active sites for protein synthesis of
these hormones.

So, it seems that the negative feed-back mechanism is a mechanism by which
specifically the excessive production of cortisol by the adrenal cortex would
tend to inhibit the secretion of ACTH by the anterior pituitery and the
diminished production of cortisol to increase the secretion of ACTH, OSuch a
mechanism/
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mechanism ultimately depends upon the cortisol content of the pituitary portal
bleod and the neurosecretory material of hypothalamic origin indicating that
this mechanism is under neurohypophyseal and hypothalamic control. Oppenheimer
and his colleagues (1961) studied two patients with diencephalic lesions and
found that their control levels of urinary steroids were normal, butz;eithﬂr
did the excretion of ketogenic steroids rise when SU-A885 was administered nor
were the urinary steroid levels diminished under therapy with dexamethasone,
although normal response by adrenals was obtained by stimulation with ACTH,
Thus these workers advanced the tentative hypothesis that there existed a
'diencephalic sampling centre' which normally regulated the production of
corticosteroids in the body.

The negative feed-back mechanism maintains the constancy of cireulating
plasma cortiscl within relatively narrow limits under normal conditions, Besides
its action on the anterior pituitary, there is evidence that cortisol acts also
at the hypothalamus and to a very small extent at the adrcnocortical level itself
(Forsham, 1962)s

A second-mechanism comes to action under stressful conditions, either
physical or emotional, whereby production of an extra amount of cortisol is ensured
to cope with that stressful condition, Thus stressful stimuli act on receptors
which initiate impulse conduction in peripheral afferent nerves, somatic and
autonomic, Pathways in spinal cord and the cerebral cortex ?veptually release
the sustained inhibition of the reticular formation or the Jﬁ:gi: system upon
hypothalamic centres in and arcund the tubero-infundibuler nucleus and the
median eminence leading to secretion of CRF by the secretory neurones into the

hypothalamo~hypophyseal portal venous system, a link which is sometimes called
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"Pinal common path" (Sayers, 1962). This leads to secretion of ACTH from
the anterior pituitary which in turn stimulates the synthesis and secretion of
cortigsol by the adrenal cortex (figure 3).

Studies of the dynamics of corticotropin activity in man have shown that
the initial rate of activation of steroidogenesis is identical over a wide
range of doses of ACTH, Thus the adrenals respond with an all-or-none
reaction to initial stimulation with corticotropin, or to stress. The
duration of the inereased secretory activity, however, varies directly with
the corticotrophin dose, and thus an optimum output of corticosteroids during
the early phases of stregs is assured and the duration of increased secretory
activity will vary directly with the magnitude of the stimulus. Only at
very low doses of ACTH, comparable to the levels found during everyday life,
may a graded initial steroidogenic response be demonstrated., Thus a border
line response could be obtained by an infusion of O;Eivafita of ACTH over
8 hours and a maximum response by infusion of one lgnit Z.(Bayleaa and Steinbeck,
19543 DiRaimondo et al, 1955; Beck et al, 1962) denoting that daily output
of ACTH is normally less than one international unit, 1In conditions of stress
or after ACTH injection, however, maximum stimulation of both adrenal cortices
yields approximately ten times the basal output of cortisol. Use has been made
of the inter-relationship between the adrenal cortex and anterior pituitary to
establish laboratory tests necessary for diagnostic purposes in various disease
conditions, Thus the degree of response of the adrenal cortex to stimulation
with exogenouz ACTH has been used to test the maximum secretory capacity of the
adrenal cortex (Jayle et al, 1959; Beck et al, 1962), This functional reserve

shemucus

capacity of the adrenal cortex can also be tested after sirameenus exercise, which
is a form of physieal stress producing essentially the same effect as ACTH

(Diczfalusy/



(Dicafalusy et al,1962)., Likewise, administration of synthetic corticoids as
alpha~fluoro-hydrocortisone or dexamethasone has been used to test the degree of
inhibitory effect of circulating cortisol on the secretion of endogenous ACTH
by the anterior pituitary (Liddle, 1960; Liddle and Williams, 1962).

Several other new synthetic drugs such as SU=4885 which blocks 1llp-
hydroxylation (Liddle et al, 1959; Liddle and Island, 1962) and SU-8000 and
SU=9055 which block 17p-hydroxylation (Chart and cheppard, 1961) could be
administered to measure what is called "pituitary-adrenocortical reserve" i.e.
the effect of the resulting inhibition of cortisol biosynthesis and release on
stimulating ACTH secretion, and accordingly on stimulating other adrenocortical
biosynthetic pathways, could be tested, especially as regards congenital
deficiencies of adrenocortical enzymes such as in congenital adrenal hyperplasia,

A third and important mechanism controlling the secretion and release of
cortisol and other adrenocortical hormones is the musculature and innervation
of the adrenal vein previously mentioned. Thick longitudinal muscle bundles
are present in the wall of the central adrenal vein, in the centre of the gland
the longitudinal muscle is evenly concentric but on either side it becomes
typically eccentrie. Capillaries or thin-walled venules coming from the cortex
enter the lumen of the main vein only between the longitudinal bundles, and never
through the thin side of the vein, So, when the eccentric longitudinal muscle
in the central vein contracts, the muscle will shorten and its diameter increase
to impede the flow from the wenules draining the zona reticularis and in view
of the innervation previously described Symington (1961) suggested that there is
a neuromuscular control which determines the flow of blood from the cortex to
the main central vein, Thus from an anatomical and mechanical peint of view the
funetion/
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function of the longitudinal musele fibres seems to be one of control of the
entering venules whereby they exert an effect on the amount of blood coming
from the cortical cells, and accordingly the amount of hormones released into
the circulation by the adrenal cortex, as well as the amount of molecular oxygen
available to the cells, Since molecular oxygen is required for steroid
hydroxylation, Symington (1962) suggested that the adrenal vein musculature,
controlled by a neurogenie mechanism, could be one of the controlling factors
in steroid biosynthesis and seecretion, He also suggested that this peculiar
arrangement of the adrenal vein musculature could explain the foecal lipid
depletion of the adrenal cortex in response to stress.



The association between proteins and a large number of substances,
ineluding hormones is well known., This association may be ¢lose or may
be very loose., After being secreted by the adrenal cortex, corticosteroids
eirculate in the blood stream in varying degrees of "binding" to plasma
proteins.

Bischoff and Pilhorn (1948) were the first to suggest that 70-85% of
the solubilities of progesterone and testosterone in plasma could be
explained on the basis of binding by albumin, West et al (1951) used this
hypothesis to explain the limited clearance of testosterone in the kidney, and
later on, Eik-Nes et al (1954 b) actually classified a great number of
corticosteroids according to their solubility in buffered aqueous and 5% albumin
solutions, and concluded that albumin increased the solubility of steroids
and that the increase was in inverse proportion to the number of the polar
groups (hydroxyl or ketone) in the steroid molecule, while the solubility in
aqueous solution is directly proportional to the number of polar groups. These
workers suggested that the binding of steroids wfzh gerum albumin offers a
rational means of transport for the ::::benae&é steroid hormones. Binding of
cortisol to plasma proteins, however, was studied by Bush (1957), but it was
Daughaday (1958 a, 1958 b) who, by applying electrophoretic studies to plasma
with added 014-1abelled cortisol actually discovered that, at physiological
concentrations in the plasma, cortisol migrated with and was bound firmly to a
protein or proteins assoclated with Cohn fraction IV-4, or more specifically,
one of the alpha~one globulins which was called corticosteroid=binding-globulin
(CBG)s At higher plasma cortisol concentrations (above 30 pg./100ml,) the

binding/
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binding protein becomes saturated and the additional cortisol is loosely bound
by albumin, The capacity of albumin to bind cortisol is relatively large.
Cortisol binding by alpha globulin was soon confirmed (Slaunwhite and Sandberg,
19593 Sandberg and Slaunwhite, 1959) but the protein was given a different
name; "transcortin”,

Steroid binding by CBG is made stronger by inclusion of hydroxyl groups
at the 118, 1fu and 2l-positions of the molecule, Thus cortisol is firmly
bound to CBG with corticosterone competing for the same binding site while
aldosterone is not bound to CBG but chiefly and minimally to albumin, Definite
selectivity of the steroid interactions with the different plasma proteins was
gshown by Westphal (1957), who showed also that plasma proteins bind steroids
through their éfksu ketogroup, The chemical nature of this interaction is
unknowns polar interactions and van der Waals forces have been suggested.
Thyroxine-protein linkage is strong enough to withstand precipitation of the
proteing, Nevertheless butanol will extract the thyroxine from plasma; this is
effected by solubility and not by cleavage of a chemical link, Steroids are
even more loogely bound to protein and any organic solvent which will denature the
protein will extract steroids from plasma,

Cortisol is 90-95% protein-bound in the plasma at physiological levels
(Mills et al, 1960) and the degree of binding is inversely related to temperature;
at 37°C, 6~7% of cortisol is ‘unbound = but at 4°C only 2% is unbound.  On
the other hand the degree of steroid binding is not highly dependent on pH
(Chen et al, 1961).

In its function as a carrier of corvisol in the plasma, the CBG mechanism
assures a ready source of available circulating hormone, protecting it from
conjugation in the liver and subsequent excretion in urine, but at the same
time limitation of diffusion into tigsues must ensue (Daughaday, 1958 a, 1958 bj
Sandberg/
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Sandberg and Slaunwhite, 19593 Slaunwhite and Sandberg, 19593 Peterson,
1960), These authors, and Wallace and Carter (1960), suggested that
protein-bound cortisol would not be available for direect metabolism by the
usual routes and that only the non-protein~bound fraction is the physio-
logically active moiety at the tissue or cell level,

When binding is raised by estrogen therapy the half-time for disappear-
ance was found to be increased from 60 to 120 minutes as estimated using
Cu-labellsd cortisol (Mills et al, 1960), Mills et al (1960) and
Peterson (1959 a) showed that estrogen treatment does not alter the
biologically active fraction of plasma cortisol as measured by the non-
protein-bound fraction, and concluded that this binding globulin will,
therefore, provide a buffer action against rapid changes in the biologically
active fraction of plasma cortisol. Thus it would take up cortisol if
secretions were suddenly increased or provide a reserve for a short time if
the secretion rate falls, This view seems to be universally accepted
nowadays and it explains the low titres of CBG in cerebrospinal and amniotic
fluids and also explains the presence of great amounts of unmetabolised
cortisol in urine, in the presence of great amounts of unbound cortisol in
the blood, as a result of more effective glomerular filtration., Conjugated
sterolds are highly water-soluble, do not bind at all and are readily
filtrable through the kidney,.

Production of CBG occurs chiefly in the liver but the mode of its
synthesis and metabolism are still unknown, Seal and Doe (1961) claimed
to have isolated the cortisocl-binding-globulin; they stated that it is a

glycoproteins/
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glycoprotein; the protein contained 0,3% fucose (methylpentose), 2.7%
sialic acid, 3.6% hexosamine and 3.8% hexose. Normally the mean CBG
binding capacity of human plasma studied with a double equilibrium dialysis
method using A-Cu-cortiaol, is about 20,0 * 5,0 pg, cortisol/100ml,
(Daughaday et al, 1962), the steroid-binding capacity of plasma being
defined as the amount of steroid which can be held by protein in the
plasma, and is dependent upon the concentration of protein in the plasma
and upon the number of molecules of steroid bound to each molecule, Deloor
and Meulepas (1962) showed that the critical level above which disposal of
cortisol is no longer influenced by transcortin binding is 25-30 pg./100ml,

The production of CBG is markedly inereased in pregnancy and after
estrogen treatment (Slaunwhite and Sandberg, 19593 Sendberg and Slaunwhite,
19593 Mills et al, 1960) without clinical manifestation of hyperadreno-
corticism since most of the hormone is bound and thus not available to the
tissues, Conversely a lowering of CBG activity is noted in the newborn and
in various clinical abnormalities of serum proteins i.e. dysproteinaemias,
e.gs liver cirrho.sis, nephrosis, multiple myeloma, exudative enteropathy, etc.
(Sandberg and Slaunwhite, 1959). No diurnal variation of CBG titre occurs,
nor is it affected by corticotrophin (Mills, 1961 b).
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Metabolign of cortigol

The main gite of cortisol metabolism is the liver which is able to convert,
within two hours, about two~thirds of a labelled cortisol dose into the
conjugated form.

Practically no destruction of the steroid ring occurs in the metabolism
of cortisol. The main metabolic pathways of cortisola;emustrated in figure
1. The first step in cortisol metabolism is the reduction of the double bond
between C-4 and C=5, by the incorporation of two hydrogen atoms in ring A,
catalysed by the TPN'i-dependent enzyme &-lwdrogema, to form the
biologically inactive compound dihydrocortisol (58) and its allo-derivative
(5a)s Next, the a=3 ketonic group is reduced, by the incorporation of
another two hydrogen atoms, and tetrahydrocortisol (Ilieberman and Teich,

19533 Roberts and Szego, 1955; Tomkins, 1956) and allo-tetrahydrocortisol
(Bush and Willoughbey, 1957) are formed. This step is catalysed by the
enzyme 3a-hydroxysteroid dehydrogenase, TPIH or DFNH dependent. But as
cortisol and cortisone are interconvertible in vive (Ideberman et al, 1953;
Gray and Lunnon, 19563 Bush, 1956; Peterson et al, 1957 bj Bush and Mahesh,
19583 Bush and Mahesh, 1959 a, 1959 b) dihydrocortisone,allo-dihydrocortisone,
tetrahydrocortisone and allo-tetrahydrocortisone will be similarly formed
during cortisol metabolism (Roberts and Szego, 1955; Bush and Mahesh, 1959 b).
The rate limiting step is the first reduction to dihydrocortisol. Biologiecal
activity of cortisol is lost when the d—jupkatone group is reduced.

Mostly, these tetrahydro derivatives are conjugated through their 3a-~hydroxyl
groups, by the action of the enzyme glucuronosyl transferase, with uridine
diphosphate glucuronic acid (glucosiduronic acid) to form the corresponding

tetrahydro/
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tetrahydro-3c, p-d-glucosiduronate, or simply glucuronides (Isselbacher,
1956), and to a much lesser extent conjugated with sulphuriec or phosphoric
acid to form the corresponding sulphates or phosphates. Glucuronides
circulate in the blood unbound to protein., They are readily water-soluble
and are rapidly exereted in the urine without any significant reabsorption
by the tubules,

A further step in cortisol metabolism is the reduction of the ecarbonyl
group at C=-20, where two more hydrogen atoms are incorporated, to give
secondary aleohols, The resulting compounds derived from cortisol and
cortisone are called cortols and cortolones respectively, These can be
a~ or P-cortols and cortolones depending onthe position of the hydroxyl
group at C=20, all of which have p-hydrogen at C~5. Allo-cortols and
allo-cortolones are also found which have an a~hydrogen at C=5 (Fukushima
et al, 1955; Fukushima et al, 1960). A last, and quantitatively
unimportant step in cortisol metabolism involves the loss of the side chain
of cortisol, cortisone, their dihydro- and tetrahydro-derivatives and of
cortol and cortolone and its replacement by a ketone group; i.e. the
formation of 17-ketosteroids; 5-8% of isotopically-labelled cortisol appears
in this form in urine (Sandberg et al, 1957 a; Edwards, 1961). These
comprise; ll-keto and 11~ hydroxy-etiocholanolone and the corresponding
androstane derivatives; 1ll-keto- and 11P-hydroxy-androsterone,

A further smaller proportion of cortisol is excreted unchanged in the
urine either unconjugated (Peterson et al, 19553 Neher, 1959) or partly
conjugated, at C-21 to sulphuric acid or glucosiduronic acid (Pasqualini,
19603 Pasqualini and Jayle, 1961). It was noticed that with increased
plasma concentrations of cortisol, a disproportionate increase in the urinary
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excretion of the primary cortisol occurs (Greaves and dest, 1960; Kornel
and Hill, 1961) probably as a result of the increased level of the unbound
plasma cortisol being readily filtrable through the glomeruli of the kidney.

20-40% of intravenously administered Gl&-labelled cortisol appears in
the urine as the tetrahydro-derivatives; THE, THF, allo-THE, 20-30% appears
as cortol and cortolone, 7% as the l7-ketosteroids; ll-keto and 11p=-
hydroxy-etiocholanolone (5%), 1lp~hydroxyandrosterone (2%) and ll=keto=
androsterone (less than 1%) (Sandberg et al, 1957 aj Gallagher, 1959;
Fukushima et al, 1960) and only very small proportion of the hormone is
exereted unchangeds, THE is the main metabolite and it constitutes roughly
about two-thirds of all recognigable urinary metabolites of cortisol.

The ratio of ll-hydroxy to ll-keto tetrahydro-derivatives is normally
constant. This, in practice is represented by the ratio of THF to THE or
THF plus allo-THF to THE and lies in the range 0.8 - 1.7 (Bassce et al, 1958;
Romanoff et al, 1958; Hellman et al, 1961; Maeyer et al, 1963). These
workers also found that the Sc-metabolite allo-THF comprises 9-25% of all
four tetrahydro-derivatives. The ratio of ll-hydroxy to ll=keto
tetrahydro«derivatives tends to increase with increased total excretion due
to increased secretion or to administration of exogenous cortisol (Gold et al,
1958; Cold et al, 1959; Gray et al, 1962; Cost, 1963)., Romanoff and his
asscoiates (1961) msing C'¥-labelled cortisel found Shat the yatio of the two
main ll-hydroxyl metabolites of cortisol THF and allo-THF, to the two main
1l-ketone ones, THE and cortolone, is constant in relation to age, and so was
also the proportion of the one 5o-metabolite allo-THF to the three main 5p-
metabolites THF, THE and cortolone.

Cleavage/
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Cleavage or destruction of the steroid nucleus in vivo and exeretion of
cortisol or its metabolites by extrarenal channels are quantitatively unimportant
routes of its disposal by man (Hellman et al, 1954).

The half life of free cortisol in the plasma, as estimated by isotopic
cortisol is normally between 60 and 120 minutes. As the liver is the main
site of metabolism of cortisol, the half life is usually prolonged in the
presence of liver dysfunction and is reduced with conditions of increased
metabolism, e.g. in thyrotoxicosis. The rate of metabolism of cortisol can
be judged by the faet that about 60% of a tracer dose of cortisol will be
metabolised and excreted in urine in a period of six hours, about 80% of
that dose will be metabolised and excreted in urine in 24 hours, 90% in
48 hours, and about 95% in 72 hours (Hellman et al, 1954; Romanoff et al,
1961; Flood et al, 1961; Iayne et al, 1962)., Only about 5% of radicactivity
has been found in the faeces in the first 48 hours and less than 0,5% was
reported to be present as 002 in expired air which indicate that excretion
in faeces and degradation of ring A represent only a minor pathway and that
the main execretion occurs in fact in urine, Hellman and his co-workers (1954)
suggested that these figures indicate that the rate of metabolism of cortisol
is independent of tissue requirements and of the amount present in the bogdy
and, furthermore, since a small percentage is exereted as unaltered cortisol,
the rate of metabolism may be inferred to be rapid,

Recently, however, some alternative pathways for cortisol metabolism were
suggested; PBradlow et al (1962) using isotopic studies proved that some of
the metabolic products formed in vivo from cortisol could well be derived
through a path that has a reduction of the C-20 ketone as the first stage, and

accordingly,/
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accordingly, that a portion of the other metabolites inmcluding the cortols,
cortolones and ll-keto and ll-hydroxy- l7-ketosteroids may be derived from
an intermediate C-20~hydroxy compound, They stressed, however, that this is
not a major route of cortisol metabolism.

Furthermore, the identification and isolation of 6B-hydroxy-cortisol
by Burstein and his co-workers in 1954 led to extensive research to study this
compound in relation to cortisol metabolism, Touchstone and his associates
(1959) suggested that 6p-hydroxycortisol is secreted independently from the
adrenal cortex, but Ulstorm and his co-workers (1960) injecting 014-1abelled
cortisol to infants in the first postnatal week showed that 6p-hydroxy-cortisol,
a relatively polar metabolite, is excreted in larger amounts than in adults,
and concluded that very polar metabolites of cortisol are more important
pathways of cortisol disposal in newborn infants than they are later in life
and, accordingly, that degradation pathways of minor quantitative importance
in adults are more extensively used during the postnatal periods That 6p=
hydroxy-cortisol is a metabolite of endogenous cortisol rather than an
independent secretion from the adrenal gland and in fact that it is the most
abundant unconjugated corticosteroid in normal human urine was confirmed by
other workers using also C¥-labelled cortisol (Cohn et al, 1961; Lipman et
al, 19613 Lipman et al, 1962, Katz et al, 1962), Frantz and his associates
(1960) noticed the increased excretion of this compound in urine of pregnant
women and stressed the importance of this metabolic pathway of cortisol in
pregnancy. Furthermore, by studying the excretion of this compound after
estrogen treatment, it was suggested that 6p-hydroxylation is an alternative
route of cortisol metabolism which may be of quantitative importance in
pregnant or estrogen treated subjects since the excretion of conjugated cortico-
steroids has been found to be diminished in similarly treated subjects (Lipman
et/
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et al, 19613 Lipman et al, 1962), Increased excretion of this compound
wag also noticed in cases of adrenocortical hyperfunction (Touchstone and
Blakemore, 19613 Frantz et al, 1961). 6p-hydroxylation occurs mainly in the
liver and hydroxylation of cortisol at wvarious carbon atoms is known to render
cortisol more water soluble and capable of being excreted in the urine in the
unconjugated state (Lipman et al, 1962)., Excretion of 6p-hydroxycortisol and
probably of other highly oxygenated corticosteroids assumes a more important
role in certain states such as pregnancy, exogenous hyperestrogenism, liver
disease, adrenocortical hyperfunction, and the newborn period (Iipman et al,
19623 Katz et al, 1962), Trying to find the relationship between these
conditions and the excretion of 6B~hydroxycortisol Katz and his co-workers
(1962) suggested that the utilization of this alternate pathway of cortisol
metabolism may be increased when reduction of ring A is impaired. This was,
however, suggested before by Bush and Mahesh (1959 b) who noticed that hydroxy-
lation of corticosteroids became much more important with steroids in which the
major reductions in the A ring and at C~20 are partially or totally blocked,
and as it has been shown that estrogen treatment leads to decreased formation
of TPNH which is necessary for reduction of ring A (Peterson et al, 1960), so
the resulting reduced formation of THE and THF may favour the formation of
6p-hydroxycortisol, Thus, increased excretion of 6p-hydroxycortisol in
exagencus hyperestrogenism is explained, and its increase in pregnancy could
similarly be due to the inerease of circulating level of estrogen., Moreover
ths preponderance of unconjugated polar steroids in neonatal urine may reflect
the effect of high maternal estrogen on cortisol metabolism in the newbornj
large urinary excretion of estrogen metabolites have been reported to cccur
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during the first few days of life (Diczfalusy et al, 1957).

Estrogen also can account for the somewhat higher levels of 6ép-hydroxy-
cortisol in normal females than in males. In liver disease the elevated
excretion of 6p-hydroxycortisol may be due to the relative inability of the
diseased liver cells to reduce ring A, But increased excretion of 6fp-
hydroxycortisol in adrenocortical hyperfunction could be due to the saturation
of the enzyme systems of the major pathways by the abnormally increased
quantities of cortisol to be metabolised, Thus it seems that the formation
of 6p-hydroxycortisol and other polar metabolites of cortisol presents a
metabolic "run off" in situations in which the pathways for the formation
of the more common derivatives of cortisol are either impaired or saturated,

The other polar metabolites of cortisol identified and isolated are
20=hydroxy-6p-hydroxycortisol (Iipman et al, 1961; Katz et al, 1962)
6p-hydroxycortisone (Lipman et al, 1961; Katz et al, 1962; Pasqualini et al,
1963), 2a=hydroxycortisone (Lipman et al, 1961), 6a=hydroxycortisol {Frantsz
et al, 1961) and other unidentified 20,2l-ketols (Katz et al, 1962), Bush
(1962) summarises the metabolie pathways for corticosteroid metabolism ass~
(1) Hydrogenation of the 4,5-double bond to give either 58— or 5u-hydrogen
atom,

(2) Oxidation-reduction of secondary hydroxyl and carbonyl groups; at
positions 3, 11 and 20 predominantly in the reductive direction, and at
position 17 a considerable amount of the ketone results.

(3) Hydroxylation at positions 2,6, 16 and possibly at other positions.

(4) Conjugation of hydroxyl groups either as ester sulphates or as glucurono-
sides, and probably with other radicals.



- e
Yode of action of cortisol

The mode of action of cortisol, and other corticosteroids, is not yet fully
understood, Pincus (1962) justifiably states that the metabolic transformations
which these secreted hormones undergo are probably not indicative of their
modes of action, and that the surprising pyrogenie action of etiocholanolone
and the hypocholesteremic action of androsterone should make us think twice
before we dispose of steroid metabolites as mere excretion products, He goes
on to discuss the various hypotheses put forward to explain the mode of action
of cortisol, vizi~ (1) corticosteroids act as co-factors or catalytic active
centres in a nucleotide or protein complex, (2) corticosteroids act as
intervenors in a transport system operating at the cell surface or at the
surface of intracellular enzyme sites, (3) corticosteroids act to "activate"
specific enzyme systemsg by any of several means such as competitive action
against a bound inhibitor or the disruption of protein linkages which need to
be 'free' for functional activity. He also suggests other possible roles of
steroids as (1) inducers of specific enzyme synthesis in target sites;
examples are seen in the rapid increase in p-glucuronidase concentrations under
estrogen stimulation or of uterine curboniec anhydrase concentrations by progestine,
and (2) causes of enzyme adaptation to their presence, which means that
corticogteroids may induce the intracellular formation of proteins with high
binding affinities for the specific molecular configurations presented by each
of the hormonal steroids.

Talalay (1962) reviewed the first hypothesis, proposed earlier by his
group of workers (Hurlock and Talalay, 1958), which stated that certain specific
hydroxysteroid dehydrogenases which reacted with both DPN and TPN could
promote a reversible transfer of hydrogen between the oxidised and reduced
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formg of these pyridine nucleotides in the presence of catalytic concentrations
of the appropriate steroid substrates, and that during these transhydrogenation
reactions, the steroids undergo reversible oxidation-reductions and function
catalytically as hydrogen carriers or coenzymes. This could be represented bys

Oxosteroid + TPNH + H = Hydroxysteroid + TPN

+

Hydroxysteroid + DPN" S Oxosteroid + DPNH + K
Sums TPNH + DPN" = DPNH + TPN

Talalay, thus suggested that some manifestations of steroid hormone action
might involve regulation of intracellular hydrogen balances, This, he stated,
involves interactions of the sterolds with enzymes some of which at least exhibit
the affinity and structural specificity which are required of the complementary
cellular receptors for steroids. He concluded that, although there is little
direet experimental evidence for this view, if steroid-mediated hydrogen transport
represents one aspect of the mechanism of steroid hormone action, this would
provide a functional role for some of the known metabolic transformations of steroids
and, moreover, that such a process would reconcile the mechanism of actions of
the steroids with those of other steroid substances which may function in a
catalytic role as coenzymes,

Ingle (1962) stated that the presence of hydroxysteroid dehydrogenases with
gteroid specificity and dual pyridine nucleotide specificity, such as the
11p-hydroxysteroid dehydrogenase which interconverts cortisone and cortisol with
the participation of either pyridine nucleotide as hydrogen carrier, has been
demonstrated, and that as the balance between pyridine nucleotides plays an
important role in regulating the balance between various synthetic and energy—
yielding reactions, he supports Talalay's hypothesis that corticosteroids act as

coenzymes,/
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coenzymes and that the 'action! and 'metabolism' of steroid hormones may be
part of the same process; as the steroids regulate intracellular hydrogen
traff'ie, they undergo reversible metabolic changes, However, he admitted
that a lot of information is still missing, such as the need for demonstration
of deficient intracellular hydrogen traffic in adrenalectomised and castrate
animals, the answer to the question of whether this reaction is only catalysed
by each ‘active'! stercid and whether non-gteroid electron carriers without
hormonal activity can act in this system.

These questions were partly answered by Bush (1962) in an excellent
article, in which first of all he rejected the idea that corticosteroids act
as coenzymes or catalytic substances in view of the fact that the metabolic
reactions undergone by the steroid hormones are now largely thought of as
steps in thelr inactivation and elimination from the organism. He also
rejected the theory of the possible action of corticosteroids as activators of
- spe€ific enzyme systems in view of the fact that no specifie physiological
effect of a steroid hormone has yet been shown to be due to a 'direct' action
upon an enzyme or enzyme system. He also rejected the proposal that the
mechanism of action of corticosteroids is to form chelates with important
metal ions in view of the fact that it is known now that the a~ketol side
chain is not essential for sodium-retaining activity (Fried and Borman, 1958).
He than studied the effect of structural modification of the steroid molecule
on the spatial configuration, molecular volume and distribution of electrons in
the molecule and showed that many a-sided substituents would block oxidation=
reduction at C~11 whereas they enhanced the biological activity of analogues
containing the 11p-hydroxyl group and that only the 11p-ol can combine with
and/
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and directly affect the receptor. Hydrogen of the ll-f~hydroxyl group tekes
part in a hydrogen bond with a proton-accepting group in the receptor, 1In the
natural steroids this bond is too weak to produce much activity unless the
side-chain containg both the 20-ketone and the 2l-hydroxyl groups for attachment
to the receptor by semi-polar or hydrogen bonds. About two thirds of cortisol
metabolites are ll-ketones, which means that the oxidation of the 1ll-f hydroxyl
group is probably an important 'wastage' reaction. This is becauge every
molecule of ll-ketone that is produced extrahepatically can only be reduced to
the active 1lp-0l by passage through the liver and this passage is attended
by the logs of about 50% of the ketone through the usual metabolic reactions in
ring A and the side-chain, Applying this to studies using 2e-methylcortisol,
Bush (1962) suggested that c-sided substituents will protect the 1lp~hydroxyl
group from oxidation as well as blocking the usual inactivating reactions in
ring A and/or the side-chain, These effects became particularly apparent with
9a~ and l2a~halogeno-steroids; the negative inductive effect of the halogen
increased the acidity and hence the hydrogen-donating tendency of the 11p-
hydroxyl group; hydrogen bonding to a proton-accepting group on the receptor
would therefore be strengthened., DBush showed that numerous analogues of
glucocorticoids, often far more aclive than the natural corticocteroids, exist in
which the a~side of the molecule is grossly deformed by large substituents or by
angulation of the A/B-ring junction and suggested that it is very unlikely that
the steroid is attached to any part of the natural receptor for these substances
by its e-side. On the other hand large substituents axially substituted on the
p=side of the molecule reduce glucocorticoid activity to vanishing point. Therefore,
it/ |
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it seems likely that the natural receptors for glucocorticoids combine closely
with the steroid by the p-surface over the regions of the side-chain and at
least the C and D rings, and that the 1llp-hydroxyl group is probably one of the
main sources of specificity in the attachment of glucocorticoids to their
recepbors. Bush then concluded that the steroid hormones produce their direct
effects by some simple consequences of association with specific receptors in
the target tissues and that this association appears not to involve any
metabolic reaction in which covalent bonds are broken, He also concluded
that both the association and the direct effect ensuing from it are very sensitive
to the shape and size of certain regions of the steroid hydrocarbon skeleton,
and to the position and orientation of one special polar group, In the natural
steroid hormones, less specific interaction with one or two other polar groups
may aid their interaction with their receptors but both the steric and electronic
requirements are less striet than for the former type of polar group, and the
groups themselves can be dispensed with entirely in suitably modified analogues.
Bush also concluded that in glucocorticoids the fit with the receptors is likely
to be around the P~ and 'top' - sides of the C and D rings and very loose contact,
if any at all, between the 'bottom' edge of the steroid molecule and its receptor;
little or no close fit occurs with the receptors around the a~gide of the molecule
especially at the C and D rings; and an interaction of the A=~ and B-ring structures
could only occur with a part of the receptor that is flexible or else be non=-
existent, He admitted, however, that the nature of the direct effect of these
hormones is still unknown at present, but he stated that whatever the nature of
the receptors for steroid hormones, a large area of contact by rather weak bonds
must be postulated to account for the specificity of the steroid-receptor

combination,/
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combination, and further, that in the absence of reactions breaking covalent bonds,
and the abgence of reactive parts of the molecule likely to undergo presently
undiscovered reactions, the only 'event'! that can at present be postulated to take
place during the association of the steroid with its receptor is the combination
itself, The steroid as it were, 'site down' on the receptor in a specific
orientation and the job is done, and that the two most likely consequences of
such a molecular 'event'! are that the conformation of the receptor molecule is
altered, or that the access of another type of molecule to that region of the
receptor is prevented by the presence of the steroid, and that the biochemiecal
manifestations of this type of event might be in the field of enzyme activity
or the 'permeability' of cellular or intracellular membranes and remains to

be discovered.



Metabolic effects of cortigol

Although it is a common belief that individual corticosteroids have either
an inorganic effect, such as that of mineralocorticoids on sodium retention or
potagsium excretion, or an organic effect such as that of glucocorticoids,
androgens, estrogens or progesteroids on protein anabolism or catabolism, yet
there is a considerable functional overlap between the two groups; cortisol
for example, a glucorticoid, has a significant effect on electrolyte metabolism,
while aldosterone, the principal mineralocorticoid, has five hundred times
the activity of cortisol in sodium retention yet only one-third its gluconeogenic
potency.

The different metabolic effects of cortisol and other corticosteroids were
reviewed by Forsham (1962). The principal metabolic effect of glucocorticoids
in general and of cortisol in particular is directed towards carbohydrate
metabolism, They cause marked enhancement of gluconeogenesis (Long et al,
1940), which leads to very large increases in liver glycogen, catabolism of
tissue proteins with marked nitrogen loss, hyperglycaemia and glycosuria. The
latter two effects of cortisol are due largely either to direct augmentation of
gluconeogenesis or to a reduction in utilization of glucose by the cells, or
both (Long and Smith, 1962) and to a very small extent to its peripheral anta-
gonistic action to insulin in conjunction with growth hormone. The rise in
blood sugar is temporarily opposed by increased secretion of insulin, but
eventually diabetes, called 'steroid diabetes', may follow. Steroid diabetes
is seldom associated with ketoacidosis. At the physiological level, cortisol
effect on fat metabolism induces centripetal redistribution of fat, meantime
inereasing the total amount at the expense of protein., Chronic 'excess of
cortisol/
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cortisol leads to increased lypelysis, hyperlipaemia, hypercholesterclaemia,
ketogenegis and redistribution of triglycerides in fat depots producing the

/ -

80 called "gpider appearance" characteristic of Cushing's syndrome.

Cortisol has a definite effect on water metabolism, viz, enhancement of
water diuresis. 1In absence of cortisol, a water load is not disposed of
for twelve hours or more, a fact which forms the basis of the so-called water
test of adrenal cortical insufficiency (Moses et al, 1958), Cortisol also
prevents the passage of water into the cell, thus maintaining the extracellular
flpid volume, which, in turn, preserves adequate glomerular filtration and
snes
safegards water diuresis, This seems to be a more accepted hypothesis than that
agssuming direct antagonistic effect of cortisol on the pituitary antidiuretic
hormone at the kidney tubules or enhancing its destruction in the liver, There
is no evidence to support the hypothesis that cortisol suppresses the secretion
of antidiuretic hormone at the hypothalamic-pituitary level.

Cortisol and other glucocorticoids, with or without a 17-hydroxyl group,
lyse fixed lymphoid tissue and reduce the number of circulating lymphocytes.
Glucocorticoids, with a 17-hydroxyl group, depress the number of ecirculating
eosinophils; this effect is not dependent upon suppression of bone marrow
production but to increased sequestration of circulating eosinophils in the lungs
and spleen and their destruction in the circulation, Basophils suffer a similar
fate. On the other hand the relative and absolute neutrophil count is raised,
so that the overall picture in cortisol excess is an increased total leucocytic
ccuht, relative and absolute neutrocytosis, lymphopenia and eosinopenia. The
phagoeytie system of the blood is neither suppressed nor stimulated, Erythrocyte
and thrombocyte counts are also increased leading to polycythaemia and
thrombocytosis.

Cortisol/
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Cortisol also affects striated muscles; in the absence of cortisol, muscle
weakness occurs which can not be improved by administration of deoxycorticosterone,
saline or glucose, Cortisol excess also leads to muscle weakness due to
depletion of muscle protein, cédema, fibrosis and probably also due to potassium
depletion,

Cortisol also has an effect on the central nervous system, In deficiency
states, slowing of the electriecal discharges in the electroencephalogram occurs.

On the other hand, in cortisol excess, the threchold for electrical excitation

of the brain is lowered, accounting for an increased tendency to epileptic
seizures., Psychiatric disturbances are also common both with lack and excess of
cortisol; as many as 40% of patients with Cushing's syndrome show some major
psychiatric disturbance and in fact most of the early cases of that syndrome
described by Cushing were patients of mental hospitals.

On the gastrointestinal traect, cortisol induces increased gastric acidity
and to a lesser extent pepsin production, thus accounting for the well recognised
tendency to peptic ulceration in patients with excess endogenous cortisol secretion
(Grey et al, 1953). These effects can be blocked by anticholinergic drugs.

The effect of cortisol on bone metabolism is towards enhancement of every
phase of osteoporosis. Thus in excess, cortisol inhibits the synthesis of the
organic matrix, by impeding the development of cartilage and accordingly thinning
of epiphysial plate and interruption of growth of bone; the formation of new bone
is blocked at the level of the matrix and osteoblasts are scarce., Cortisol also
causes decreasged deposition of calcium and increases the renal clearance and urinary
loss of calcium, These effects are aggravated by cortisol antagonising the action
of vitamin D which leads to decreased absorption of caleium from the gut.

The most important effect of cortisol on the cardiovascular system is the
gensitisation of the arterioles to the pressor effect of norepinephrine, Cortiscl,

however,/
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however, may per ge raise the blood pressure to some extent, It enhances
the production of angiotensinogen, resulting eventually in higher levels of
anglotensin which stimulates aldosterone production which in turn further
inereases the blood pressure (Forsham, 1962), By its mineralocorticoid effect,
cortisol participates in maintaining adaquatekggfiggjgg;ﬁﬁ]levela and eirculating
blood volume, Excess cortisol, however, leads to a tendency to atherosclerosis
following a rise in eirculating blood lipids and cholesterol levels, This
may be due to the effect of cortisol on cholesterol, decreasing its diffusion
into the veassel wall,

The effects of cortisol and related 17-hydroxylated derivatives on the
mesenchymal tissues are of greatest importance, Normally, as a result of an
injury or a focus of infection, in the acute phase, perivascular exudation and
marked diapedesis occur and neutrophils surround the site of infection. In the
subacute stage lymphocytes predominate and in the chronic stage of healing
fibroblasts surround the foecus, walling it off, Subsequently the blood vessels
become narrowed by dense fibrosis. In the presence of excess cortisol, there is
a decrease in hyperaemia, less exudation, diminished diapedesis, cellular
migration and infiltration, The major tissue responge ig one of mononuclear
cells, The early phase of repair is retarded by inhibition of fibroplasia and
late fibrosis.

Cortisol also interferes with intracellular synthesis of histamine without
antagonising its action; thus it will not inhibit the local response to histamine
and will only affect an acute allergic response a few hours later when the
histamine present is destroyed and its inhibiting effect upon further production
of histamine becomes manifest.

Antibody/
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Antibody changes may also occur with large doses of cortisol where initial
liberation of excess antibody occurs subsequently followed by fall due to
suppression of antibody formation., Cortisol inhibits hypersensitivity reactions
to antigen-antibody complexes, probably by interposing a protective layer
between the complex and the target cell surface. The inhibition of production
and the subgequent reduction of the circulating levels of antibodies by very
large doses of cortisol is due to lysing fixed plasma cells and lymphocytes.

The resistance to infection, already diminished by the mesenchymal effects of
small doses is further aggravated by doses large enough to reduce antibody
formation.

The metabolic effects of mineralocorticolds are mainly directed towards
control of sodium and potassium levels and water volume in intracellular and
extracellular fluids mainly by their action at the distal tubules of the kidney.
The same action occurs to a smaller extent in the salivary glands, sweat glands,
intestinal mucosa and in exchanges between extra- and intracellular fluid
throughout the body.

It must be pointed out that the amounts of cortisol needed for all the
metabolic effects mentioned to sustain life and homeostasis are greatly
inereased by physical or emotional stress and, on the other hand, amounts
needed to keep the animal living under extreme stress will cause signs of
hypercorticolism in the resting state (Ingle, 1962).

In addition to these "specific actions" on the various systems of the body,
adrenal cortical hormones especially glucocorticoids are known now to exhibit
a supportive or 'permissive'! action (Ingle, 1954) whereby other hormones exert
their effect only in the presence of small amounts of glucocorticoids. Ingle
defined the conditions implied in this theory:

b I 4
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1. The metabolic response to a stimulus occurs in the presence of the adrenal
gland,
2« The response is not demonstrable when the gland is removed and no
replacement therapy is given.
3+ The response is again elicited when a steady intake of cortisol hormones
is substituted for the adrenal gland,
S0, under normal conditions, the eucortical state is necessary to support
biological responsiveness but the cause which incites the response is of extra-
adrenal origin., This view was supported by Crane (1962) who showed that many
of the metabolic and pharmacological responses to gtress can develop fully in
the absence of the adremal glands when small wonstant doses of adrenocortical
hormonesare given. Under such circumstances, the adrenocortical hormones
permit or 'normalise' the responsiveness of extra-adrenal mechanisms. Thus
the metabolic effects of cortisol assumes that the primary actions of cortisol
and other corticosteroids are necessary to maintain the normal functions of
cells and entire organs and their responsiveness to extra-adrenal stimuli
especially so under conditions of exposure to severe stress (Ingle, 1962; Crane,
1962). An example of this action is the release of significant amounts of
glucose from liver glycogen by epinephrine and glucagon only in the presence of
cortisol. This permissive action also serves to explain the occasional
restoration of blood pressure by cortisol in patients in shock who no longer
respond to norepinephrine alone, Thus the empirical treatment of different
cancers by bilateral adrenalectomy may depend on the carcinogenic process
proceeding at suboptimal speed in the abgence of the permigsive effect of

corticosteroids./



- M -
corticosteroids. Likewise the relationship of corticosteroids to diseases
such ag diabetes and hypertension may be permissive rather than causal
(Ingle, 1962).

Crane (1962) concluded, however, that the term 'permissive' described
this inter-relationship of the corticosteroids and certain processes of
metabolism and disease but does not define the ultimate mechanisms involved;
the fundamental biophysical and biochemical processes in which the adrenal
cortical hormones participate at a cellular and molecular level are still
largely unknown,.



could not be
demonstrated in the plasma level of cortisol (Bliss et al, 1953; Lewis, 1957
DeMoor et al, 1960 b) although some data suggest that values in women may be
lower than in man (Bondy and Upton, 1957). Urinary 17-ketosteroids and 17-
hydroxycorticosteroids are, however, usually higher in males than in females
(Norymberski et al, 19533 Reddy, 1954; Ilevell et al, 1957; Borth et al,
1957; Loraine, 1958).

Thig difference has been attributed by some workers to the difference
in weight of total muscle mass between the two sexes, which implies that the
difference will disappear if corticosteroid exeretion is correlated to
creatinine excretion or body weight (Romanoff et al, 1961; Mlynaryk et al,
1962) and a better way of estimation of urinary corticosteroids seems to be in

expressing the results as mg./Kg. body weight/day.
sometimes called 'eircadian rhythm', of a

constant pattern occurs normally in persons not subjected to stress. This was
first described by Pincus (1943 a) in terms of 17-ketosteroid exeretion, But

& diurnal variation in the level of 17-hydroxycorticosteroids in plasma (Bliss

et al, 19533 Gemzell, 1953; OSandberg et al, 19543 Tyler et al, 19543 Doe et al,

19563 Migeon et al, 1956 by Brown et al, 19573 Doe et al, 1960 a) and urine
(Doe et al, 19543 ILaidlow et al, 19543 Doe et al, 1960 a) is more pronounced.
This has been confirmed by a more significant method for cortisol estimation in
plasma (lewis, 1957). Plasma 17-hydroxycorticosteroids is highest between
6300 and 8:00 a,m, falling to a minipum around midnight (Bliss et al, 1953;

Sandberg et al, 1954; Migeon et al, 1956 b; Doe et al, 1956; Erown et al, 1957;

Perkoff/
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Perkoff et al, 1959), but considerable variation exists between subjects, both
with regards to the peak time and the degree of fluctuation observed. No sex
difference of this cirecadian rhythm has been reported. Urinary changes are
essentiglly the same although there may be a short lag between them and those
of the blood, About 70% of the 17-hydroxycorticosteroids secretion by the adrenal
cortex occurs between midnight and 6300 a.m., and the difference between maximal
and minimal secretory activity, reflected as plasma 17-hydroxycorticosteroid
level, is about two-fold in most cases., This cyele is independent of exercise
or food intake, Night workers and blind persons have normal rhythms (Tyler et
al, 19543 Migeon et al, 1956 b) but significant loss of diurnal rhythm occurs
in elinical conditions agsociated with alterations in conseciousness or sleep
patterns, and total reversal of sleep and activity for five to ten days was
reported to result in a reversal of the normal ﬂgiztﬁﬁfPerkoff et al, 1959). It
was also noticed that adaptation of the katogenicL?xnretory rhythm to a reversed
activity-sleep and light-darkness schedule, in places where day light persists
for twenty-four hours, occurs in two to eight days (Sharp et al, 1961) denoting
that these rhythms probably depend upon habit and environment and synchronization
of pituitary and adrenal responsiveness.

Eik-lNes and Clark (1958), however, noted the lack of diurnal variation in
four patients following severe head injury. This has led other workers to try
to localise specific areas of the brain as centres for this diurnal variation.
Hokf21t and Inft (1959) noted the absence of normal variation in free plasma
cortisol in patients with suprasellar extension of pituitary tumours, implying
the role of hypothalamic control of ACTH secretion and diurnal rhythm, Krieger
(1961) noticed abnormsl patterns of 17-hydroxycorticosteroids in plasma of
patients suffering from pretectal and temporal lobe lesions of the brain and

concluded/
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concluded that these areas of the brain are important centres in regulation
of pituitary release of ACTH and of the diurnal pattern of plasma 17-hydroxy-
corticosteroids which is a reflection of such a release. Oppenheimer and his
colleagues (1961), however, showed that the mechanisms leading to the normal
diurnal variation of plasma 17-hydroxycorticosterocids and to the normal
adrenal response to stressful stimuli do not involve those diencephalic
centres postulated to control the reciprocal pituitary-adrenal inter-
relationship,

Most probably, however, this cycle represents an inborn rhythm implying
either rhythmic changes in pituitary corticotropin release or diurnal
differences in the responsiveness of adrenal cortical cells to it due to
changes in mitotic activity of adrenal cortical cells (Perkoff et al, 1959).
Adrenal respongiveness to ACTH has been claimed to be less at night than
during the day (Perkoff et al, 1959). Cope (1961) suggested that this cycle
could reflect either relatively increased adrenal activity or relatively
diminished rate of destruction of the adrenocortical hormones in the early
part of the day and it is of interest to know that the normal ecireadian
variation in plasma conjugated 17-hydroxycorticosteroids is exaggerated in
hyperthyroidism and absent in myxoedema (Martin et al, 1963) and that of
free plasma and urinary l7-hydroxycorticosteroids is exaggerated in myxoedema
and almost absent in hyperthyroidism, indicating that the thyroid, through its
effect on metabolism, and particularly the rate of metabolic transformation of
free to conjugated 17-hydroxycorticosteroids, could be partly responsible for
this diurnal rhythm, Absence of diurnal varistion by measuring plasma
17-hydroxycorticosteroids/
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17-hydroxycorticosteroids (Laidlow et al, 1955; Eik-Nes et al, 1955; Lindsay
et al, 1956; Doe et al, 1960 a; Ikman et al, 1961), urinary 17-hydroxy-
corticosteroids (Lindsay et al, 1956) or plasma non-protein-bound cortisol
(Doe et al, 1963) has been reported in cases of Cushing's syndrome due to
adrenal hyperplasia or adenoma, DBut cases of gimple obesity were reported
to retain the normal rhythm (Simkin and Arce, 1962; Schteingart et al,

1963)s The absence of diurnal variation in Cushing's syndrome is obviously
not due to inability of the adrenal cortices to respond further to increased
stimilation by ACTH, as many cases of Cushing's syndrome are known to exhibit
a hyper-reactive response to ACTH (Christy et al, 19553 Lindsay et al, 19563
Hinman et al, 1957)s According to this hypothesis, non-neoplastic Cushing's
syndrome could be caused by a disturbance in the function of an ACTH =
controlling hyrothalamic centre, This is consistent with the known difficulty
of inhibiting endcgenous ACTH secretion with glucocorticoids in some patients
with Cushing's syndrome due to bilateral adrenal hyperplasia (Liddle, 1960).

Fluctyation fron day to day in the adrenal activity of normal persons, as
measured by corticosteroid plasma levels (Bliss et al, 19533 Ekman et al, 1961)
or urinary excretion (Zondek et-al, 1957) also occurs, and can be considerable.
This type of variation does not follow a definite pattern and is more striking
in cases of Cushing's syndrome (Birke et al, 1956; Bassote et al, 1958; Doe
et al, 1960 a) but was also observed in obese subjects (Baird, 1963).

age also oécura. In the

newborn 1%5ant, relatively high levels of plasma 17-hydroxycorticosteroids were
reported (Gistorm et al, 1961). Similar observations were reported in urine.

The/
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The cause of this rise could either be the increased production of cortisol by
the infants adrenals, the mobilisation of cortisol from extravascular sites to
the circulation or its delayed metabolism, The fact that urinary exeretion of
17~hydroxycorticosteroids is lower on the first day of life than the subsequent
days is in favour of the redistribution theory., Half life of cortisol in
newborn infants, however, is markedly prolonged (Bongiovanni et al, 1958;
Reynolds et al, 1962) as compared to that of the adult (Peterson et al, 1955;
Brown et al, 1959; Christy et al, 1959) which indicate decreased rate of
cortisol metabolism, This could be due to any of the following possibilities.
Firsgt, the preponderance of unconjugated polar steroids in neonatal urine,
such as 6p=~hydroxycortisol, previously mentioned, may reflect the effect of
high maternal estrogen on cortisol metabolism, particularly ite inhibition
of reduction of the A-ring, or that the hepatic enazyme systems of the newborn
are immature (Reynolds et al, 1962), A seecond possibility may be due to the
faet that large amounts of progesterone metabolites are excreted in the first
day of life and these, including pregnanetriol, inhibit glucosiduronate
conjugation (Hsia et al, 1960), ACTH can also produce more secretion of
cortisol by the adrenal cortex, inhibit conjugation of steroid metabolites,
inecrease the half life of cortisol (DeMoor et al, 1961 a) and relatively
increase 6p=hydroxycortiscl excretion (Touchstone and Blakemore, 1961). These
observations may indicate that newborn adrenals are under at least moderate
ACTH stimulation, The alternate metabolic pathways of cortisol in the
newborn have been previously mentioned.

After this early neonatal period, plasma and urine 17~hydroxycorticosteroid
levels drop rapidly, only to increase again gradually with age, reaching a
maximum/
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maximum between 20 and 25 years (Levell et al, 1957; Borth et al, 1957;
Appleby and Norymberski, 1957; Clayton et al, 1963). Very slight and
gradual decrease of level may follow up to the age of 60, after which this
drop may be more pronounced (Baird, 1963). Romanoff and his colleagues
(1961), however, using C4-lsbelled cortisol to estimate cortisol production
rate from urine studies in eight young (21-35 years) and eight elderly subjects
(65~73 years) showed that the geeretion of cortisol and the total exeretion
of its metabolites THF, allo~THF, THE and cortolone were significantly higher
in the younger group., But when they expressed their results in terms of
creatinine excretion per day the differences disappeared, Moreover, they
showed that in both of these two groups there were essentially similar
proportions of the two 1l-hydroxyl metabolites (THF and allo~THF) to the
two ll-ketone substituted metabolites, THE and cortolone, and of the three
5p- (THF, THE and cortolone) to the one 5a=(allo-THF) cortisol metabolites.
They concluded that cortisol metabolism in the two groups is the same and
that the quantity of cortisol secreted is related to the muscle mass of the
subject, West and his associates (1961) tested the adrenocortical activity
in a larger group of subjects with wider age range; namely fifteen young
men (25-40 years) and f£ifty old men (60-96 years). They estimated their
plasma levels of free and conjugated 17-hydroxycorticosteroids and urinary
excretlon of 17-hydroxycorticosteroids. They also assessed the renal, hepatic
and thyroid functions of these subjects. They found that there was no
significant change in adrenocortical funection, as judged by the plasma free
and conjugated 17-hydroxycorticosteroid levels, with advancing age, but there

was/
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was a progressive and significant decrease in the urinary exeretion of
17=hydroxycorticosteroids with ageing, Half life of cortisol was longer
in the old men and there was a significant increase in the level of blood
urea nitrogen, bromsulphalein retention and a significant decrease in endogenous
creatinine clearance and basal metabolic rate. The protein-bound-iodine and
radicactive iodine uptake by the thyroid were unaffected by ageing, These
workers concluded that a combination of decreased cortisol catabolism by
the liver and other tissues and an impairment in the renal excretion of
cortisol metabolites could explain their findings a;d that the thyroid gland
does not appear to be involved.

y also occurs, Elevation

of plasma 17-hydroxycorticosteroids (Gemzell, 1953; Bayliss et al, 1955; Birke
et al, 1958) and particularly plasma cortisol (Gemzell, 19543 Cohen et al, 1958;
Martin and Mills, 19583 Jailer et al, 1959) and an increased excretion of

free cortisol in urine (Migeon et al, 19573 Jailer et al, 1959) were reported
in late pregnancy. These changes are associated with only slight or moderately
increased excretion of urinary cortisol metabolites (Birke et al, 19583 Cohen
et al, 1958; Martin and Mills, 1958). The discrepancy between the blood and
urinary findings could be explained by retardation of cortisol metabolism in
pregnancy (Appleby and Norymberski, 1957; Migeon et al, 1957; Martin and Mills,
1958). These changes are also associated with increased binding capacity of
the corticosteroid-binding-globulin to plasma cortisol (Daughaday, 1959;
Slaunwhite and Sandberg, 19593 Sandberg and Slaunwhite, 19593 Mills et al,
1960), Since the unbound plasma cortisol is the only active fraction at the
tissue level, and since this fraction remains practically constant in pregnancy,
the/
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the markedly elevated plasma cortisol levels will not give rise to clinical
manifestations of Cushing's syndrome, Doe and hig co-workers (1960 b) showed
that no increase in al-globulin was noticed but that total and protein-bound
plasma cortisol were markedly elevated in pregnant women in the third
trimester and that the non-protein-bound fraction of plasma cortisol was
gignifiecantly but only mildly elevated ﬁnorml. They correlated the
latter finding with the mild symptoms of adrenal hyperfunction commonly
observed in pregnant women, such as the occurrence of purplish striae,
glycosuria, hypertension, increased fragility of cutaneous blood vessels, etec.
They concluded that in pregnancy there is at least an element of inereased
adrenocortical activity, thus supporting previous similar reports (Christy
et al, 19593 Cope and Black, 1959 b). The increase in the plasma protein-
binding of cortisol could explain previously reported delayed cortisol metabolism
in pregnancy (Christy et al, 1959) and accordingly the discrepancy between
plasma and urinary corticosteroid estimations., This diserepancy may also be
explained by the increase of estrogen titre in pregnancy which in turn can lead
to inhibition of reduction of the A-ring. Delayed metabolism and prolongation
of the biologieal half life of cortisol with estrogen treatment was frequently
reported (Robertson et al, 19593 Peterson et al, 1960; Wallace and Carter,
1960), Administration of estrogen was shown to increase 6p-hydroxycortisol
excretion (Lipman et al, 1961). Thus, high titres of estrogen in late pregnancy
could explain the previously mentioned increased formation and exeretion of
6p=~hydroxycortisol and other unconjugated polar metabolites in pregnancy (Frantsz
et al, 1960),

There are few reports in the literature regarding the adrenocortical agtivity

during/



Staub and his colleagues (1962),
however, showed that pregnanediol, the urinary metabolite of progesterone remains
at relatively lower levels during and after menstruation till ovulation, when the
excretion starts to rise gradually to reach a maximum during the premenstrual
period and to drop again just before menstruation. But as progsterone is a

common precursor to estrogens and corticosteroids, it can not be clear whether
these changes reflect ovarian or adrenocortical activity. Studies of cortisol
production rate and metabolism during the various phases of the menstrual cycle

are needed to throw more light on this subject.



The inter-relationship between the adrenal cortex and the pituitary gland
heg been fully reviewed (see regulation of cortisol secretion),

Hyperfunction of ihe adrenal cortex was sometimes noticed in the condition
called "obese hyperglycaemic syndrome 'which is due to hyperplasia of the islets
of lLangerhars of the pancreag, and adrenocortical dysfunction was also
associated with primary dysfunction of the thyroid, ovary and pancreas with
apparent normal anterior pituitary function; a rare condition called
or pluriglandular failure, Less than twenty cases

have been reported in the literature (Christy et al, 1962) the cause of which
is still obscure.

Although the old hypothesis implying that the regulation of secretion,
and probably the action, of the adrenal cortex hormones is under the control of
the gdrenal medulls and its hormones, epinephrine and nor-epinephrine, was
recently revived by DeMoor et al (1961 b, 1961 ¢) it seems to be no longer
accepted by most workers nowadays (Forsham, 1962). On the contrary, a
permissive role of the adrenal cortex hormones, by which a small amount of
adrenocortical hormones should be present, seems to be essential for normal
function of the medullary hormones (Ingle, 1954). Nevertheless, on rare
occasions, adrenocortical hyperplasia or carcinoma were associated with
phaeochromocytoma of the adrenal medulla (Williams et al, 1960; Walters et al,
1962).

Pathologie conditions of the parathyroid glands were also sometimes
agsociated with abnormal adrenocortical function., Hyperfunction of either the

parathyroid/
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parathyroid or the adrenal cortex can cause bone disease (osteitis in
hyperparathyroidism and osteoporosis in hyperadrenocorticism), nephrosclerosis,
renal stones but hypercalcaemia in hyperparathyroidism and hypocalcaemiz in
hyperadrenocorticism, Raker et al (1962) reported the occurrence of primary
hyperparathyroidism in association with Cushing's syndrome. They reviewed
the few cases in literature connecting primary hyperparathyroidism (parathyroid
hyperplasia, adenoma, or even hypercalcaemia or hypercalcaemia and hypophos-
phataemia) with adrenocortical hyperfunction (hyperplasia or adenoma), In
the two patients they examined, they were able to show that hypersecretion of
the adrenal cortex did not influence the associated classic blood findings of
primary hyperparathyroidism, and that the converse was also true, i.e. that
hyperfunction of the parathyroid glands had no influence upon the effect of
excess adrenocortical hormones. They concluded that hypercalcaemia in a
patient with Cushing's syndrome should be evaluated as in an otherwise normal
patient and should not be atiributed to the adremal hyperfunction.

However, the adrenal cortex has been more frequently associated with
the thyroid gland, Gabrilove and Weiner (1962) reviewed the cases reported in
the literature in whom thyrotoxicosis occurred in patients with Addison's
disease and noticed in their patient that as the thyrotoxicosis was controlled,
the patient required less cortical substitution therapy to keep the electrolytes
within the normal range thus supporting the view of Hellman et al (1961) who,
using radioisotopic techniques, noticed an absolute elevation in the endogenous
production of cortisol with elevated levels of thyroid hormone and diminished
production of cortisol in hypothyroidism, suggesting that the requirement for

adrenocortical steroids is increased as the metabolic rate rises. They also

noticed/
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noticed that in hyperthyroidism cortisol meﬁabolism is shifted towards the
ll-ketone metabolites and in hypothyroidism towards the 1ll-hydroxyl metabolites,
suggesting that in thyrotoxicosis the conversion of cortisol to THE represents
an increased metabolic inactivation of cortisol. Gold and Crigler (1963)
also found an increase in the relative and absolute amounts of THE excreted
under the influence of tri~iodothyronine, They also noticed increased rate of
steroid-glucuronide formation, increased excretion of total cortisol metabolites,
suggesting increased general metabolism of cortisol, but constant 50~ to 5B~
metabolites of cortisol, The injection in dog of the active analogues of
thyroxin led to accelerated enzymic reduction of the circulating cortisol and
increased release of corticotropin (Melby et al, 1960), Hellman and his
agsociates (1961) suggested that patients with thyrotoxicosis might have
increased secretion of ACTH, and Hilton and his colleagues (1962) used plasma
from patients with thyrotoxicosis to perfuse intact adrenal glands of
hypophysectomised dogs. They noticed increased secretion of cortisol in the
adrenal venoug effluent indicating ACTH-like activity of such plasma., This
increase was not noticed when the adrenals were perfused with normal plasma,
I~thyroxine, tri-iodothyronine or thyrotropic hormone indicating that the
stimlatory substance present in the hyperthyroid plasma could probably be
ACTH itself, in which case the action of the thyroid hormone would be to
accelerate enzymic reduction and metabolism of the eirculating cortisol, thus
providing the stimulus to the release of corticotrophin through the negative
feed~back mechanism, Thege workers also found that plasma cortisol levels
were slightly less in hyperthyroid than in euthyroid subjects, They concluded
that this is not surprising sinece the stimulus for increased ACTH produection
comes from the rapid degradation of cortisol, due to the hypermetabolic state,

with/
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with the result that the inereased ACTH produced merely serves to maintain
cortisol concentration in the plasma at normal levels., It has been
mentioned before that hyperthyroidism accelerates the disappearance of plasma
free 17-hydroxycorticosteroids leading to exaggeration of the circadian rhythm
of the conjugated 17-hydroxycorticosteroids and that the opposite is true for
cases of myxoedema, suggesting that the thyroid gland, through its metabolic
effects on free 17-hydroxycorticosteroids may be partly responsible for the
circadian rhythm previously discussed.






Lgtimations in wrine

A« Blologlcal methods
The earliest attempts to assess adrenocortical function depended upon

extraction of adrenocortical hormones and assessing their activity by
administering the extract to, and observing its effects on various laboratory
animals,

The activity of the extract was assessed by observing the survival time
of adrenalectomised rats on exposure to cold, the degree of depcsition of
liver glycogen in fasting adrenalectomised rats, the extent of fall of
circulating eosinophils in the adrenalectomised mice but the more popular
of these early methods measured the degree of sodium retention and potassium
excretion in the adrenalectomised rat (Dorfman, 1950).

These methods only confirmed the presence or absence of adrenocortical
activity in urine extracts, and could not possibly assess the adrenocortical
activity quantitatively. Today they are only of historical interest and they
have given way to the more rapid, simpler and more precise chemical methods.
B,  Chemica] methodg
I. Group steroid egtimations (see table 1 and 2)

a. HNeutral l7-ketosteroidg (17-kS)
The earliest chemical methods used to ascess adrenocortical funection in

urine estimated the neutral 17-ketosteroids, sometimes called 17-oxosteroid
(or 17-08), the basic chemical structure of which is either 5 c-androstane

or 5p-androstane (etiocholanolone), The main 17-KS compounds in urine are
DHA, etiocholanolone and androsterone, Smaller amounts of their 11 oxo- and

11p=hydroxy derivatives are also present, and trace amounts of zfﬁ-androstenadione,
11p-/
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11p-hydroxy-androstenedione and adrenosterone are included (see figure 1).
Urinary 17-KS are excreted in urine mostly conjugated to sulphuric or gluco=-
siduronic a¢id (Zumoff and Bradlow, 1963); DHA is almost entirely excreted
conjugated with sulphates while etiocholanolone and androsterone as gluco-
siduronates (Bush and Gale, 1960) and there is reason to believe that
3p~hydroxysteroids in general are conjugated with sulphates and 3 a~hydroxy-
steroids with glucosiduronates (Staib et al, 1960), 17-KS are either of
adrenal or gonadal origin, but ll-oxygenated 17-KS are definitely of adrenal
origin. The latter sub-group is either derived from C=19 androgens or
indirectly by the oxidative scission of the s=ide chain of the C=21 cortico-
steroids and their metabolites. In males about two-thirds of the neutral
17-KS is of adrenal origin and one-third of testicular origin, In females
almest all the neutral 17-KS are of adrenal origin with the possible
contribution of a trace amount from the ovary (Lieberman et al, 1962). The
difference in the total neutral 17-KS exeretion values beiween males and females
is probably due to the testicular contribution in males (Dorfman, 1960),

The first method for estimation of urinary neutral 17-KS was described
by Callow and co-workers (1938). Estimation of total neutral 17-KS involves
either preliminary extraction of conjugates or their hydrolysis followed by
extraction into an organic solvent, removal of acidic (phenolic) estrogens by
alkaline wash and application of a colour reaction.

Hydrolygig of conjuggteg can be achieved by one of many methods. The
first to be used was boiling the urine in acid, hydrochlorie or sulphurie, for
thirty minutes, Hot acid hydrolysis partly or totally destroys the steroid
molecule (Edwards, 19613 Norymberski, 1961) especially in case of glucuronate
conjugates, and is not quantitative (Lieberman and Teich, 1953) and in the case
of/
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of sulphate will also result in marked changes of the steroid molecule which
will affect the colour reaction on which the final assay depends (Teich et al,
1953).

Milder methods for hydrolysis of sulphate conjugates were introduced, The
first is the continuous ether extraction method of Lieberman and Dobriner (1948)
in which urine acidity is adjusted to pH 1 and extraction carried on for three
days, steroids freed from sulphates together with unhydrolysed glucuronides can
be recovered from the ether layer. The second method is that of Cohen and
Oneson (1953) in which 17-KS are extracted in ether-ethanol or butancl, extract
evaporated, dehydrated over P205, then dissolved in trichloracetic acid in
anhydrous dioxan and left to stand overnight. Sulphates are hydrolysed and
excess acid is removed by alkali wash. The third method is often referred to as
the "solvolysis" method of Burstein and Lieberman (1958) in which urine is
brought to 2 N with sulphuric acid and steroids extracted three times by ethyl
acetate; steroid sulphates hydrolyse if allowed to stand overnight at 3?°C.

Few (1961) deseribed ancther method of hydrolysis using 2.5N sodium hydroxide;
hydrolysis was allowed to take place at 37°C for 15 minutes. No destruction of
the steroid molecule occurred with this method and hydrolysis was more complete.
The enzyme Pf-glucuronidase is ideal for hydrolysis of the glucuronate conjugates
acidity of the urine is usually adjusted to the optimal pH of the enzyme used and
the enzyme added, usually 500 Fishman units to each ml, of urine, and allowed to
act from few to 48 hours, usually 24 hours, according to the preparation used.
Maximal hydrolyesis of 17-KS conjugates is achieved by p~glucuronidase hydrolysis
of the glucuronates followed by a hydrolysis of the sulphates by one of the mild
procedures desecribed. Some commercial p-glucuronidase preparations were found to
yield only 65% or less of the glucuronates of 17-KS (Cohen, 1951; Glenn and
Nelson,/
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Nelson, 19533 Wotiz et al, 1957)., Preparations of p-glucuronidase obtained
from the molluscan viscera are highly active (Dodgson and Spencer, 1953).
Some preparations of this enzyme, however, namely those obtained from the
visceral hump of the common limpet, Patella wulgata, provide p-glucuronidase
as well as a sulphatase specific for 3p-sulphates of 5a and A‘j steroids
(Roy, 19563 Stiteh and Halkerston, 19563 Stitch et al, 1956). Moreover,
p=glucuronidase obtained from the Roman snail, Helix pomatia, contains
p=glucuronidase activity as well as sulphatases for both 3 p-sulphates of
Sam and /-steroids and 3Je-sulphates of 5i-steroids (Leon et al, 1960),
No sulphatase activity specific for 3e-sulphates of Sa-steroids (androsterone)
was discovered,

Hydrolysis is followed by gxtraction of the 17-KS into an organic solvent.
Ethyl acetate and benzene are popular solvents but it has been noticed that the

latter does not extract all ll-oxygenated 17-KS (Edwards, 1961) and that the
former extracts contain more contaminating substances,

The crude extract is then waghed with cikali to remove phenolic steroids.
Drekter and covorkers (1952) were the first to use sodium hydroxide for purification
of the extract.

Colour reaction is then applied to the alecoholic solution of the residue and
compared to a standard 17-KS, usually DHA, Although several colour reactions
have been used, the most commonly used is the Zimmermann reaction (Zimmermann,
1935) in which methylene groups adjacent tc ketone groups react with m-dinitro-
benzene in strong alkali., Sodium hydroxide was first used, but it was noticed
that colour reaction with alcoholic potassium hydroxide is more stable than
aleoholic sodium hydroxide (Wilson and Carter, 1947). Tetramethylammonium
hydroxide renders this colour reaction even more stable and much less

sensitive to light (James and deJong, 1961). In 17-KS the active methylene

group/
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group is at C~16 and reacts with meta-dinitrobenzene producing a violet colour
with maximum extinction at 520 mu, (reaction 1, table 1), This reaction could
be applied to steroids on paper chromatogramg; non-polar steroids give a blue
ecolour, relatively polar ones a dirty grey colour, and 5u-gteroids a violet
colour, Although urinary 17-KS constitute the great majority of all urinary
substances giving this reaction (Bush, 1961), a few other chromogenic substances
with ketone groups remain in the extract after the alkall wash thus contributing
to the end result., Further modification of the shade and intensity of the
colour produced can also occur in the presence of ketone groups other than at
C~17 in the 17-KS5 molecules theméelvea, i,e, at C~3 and C-11, as well as in the
presence of 1llp-hydroxy group. Multiple carbonyl groups have a summation
effect and hydroxyl groups inhibiting effect on the colour resction (Edwards,
19613 Bush, 1961), For this reason elimination of the effect of the remaining
interferring material is often achieved by measuring the colour intensity at
the appropriate wavelength and at two other wavelengths equidistant from it and
applying an appropriate gorrection formula (Talbot et al, 19423 Engstrom
and Mason, 19433 Allen, 1950). '

Other types of colour reactions have been used, e.g. the antimony
trichloride reaction (Pincus, 1943 b) in which all four saturated 3-hydroxy-17-KS
give a blue colour with a maximum extinetion at 610 mp., Only faint colour is
given by DHA, while pregnanediol and other non~ketonic steroids as well as some
17-hydroxy C-19 steroids contribute to the colour produced (Edwards, 1961).

A third colour reaction is the Pettenkofer reaction originally described by
Pettenkofer (1844). A blue colour, with maximum extinction at 660 mp., is
produced with 3 p-hydroxy- /N-steroids in the presence of furfural, acetic acid

and/
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and sulphuric acid at 67°C. Munson and co-workers (1948) applied this method
to estimate DHA, the principal substance in urine estimated by this method.

Normal values of urinary neutral 17-KS differ in the hands of various
workers but a range of 6-25 mg./2/ hours for adult males, 20-40 years old,and
3-20 mg./2/ hours for females (Loraine, 1958) is accepted by most authors.
Tn patients with adrenocortical hyperfunction 17-KS level is generally increased
if androgen production is affected, since only 5-8% of cortisol is metabolised
as 17-KS (Sandberg et al, 1957 a; Edwards, 1961). In Addison's disease and in
pitultary disorders which affect ACTH release, 17-KS production is diminished.

The use of chromatography could separate ll-deoxy~ from lleoxygenated=17-KS
and this may be a more sensitive index of adrenocortical function which could
be helpful in differentiating normal values from those of Cushing's syndrome
(James, 1961). Goldzieher and Axelrod (1962) using paper chromatographie
analysis claimed that up to 90% of the clinical total 17-KS may consist of
noh-specific chromogens. The speeificity of 17-KS estimation is diminished
by the inevitable presence of artifacts in the final residue; moreover it
measures androgenic more than corticosterocid activity because only a small
percentage of cortisol is metebolised as 17-KS, This means that 17-KS
excretion should be considered as a measure of the weakly androgenic secretion
of the adrenal cortex and not as a measure of overall adrenocortical activity,
Even ags a measure of androgenicity the 17-KS are only a rough estimate, since
the individual compounds differ widely in their androgenic potencies. Thus
the usefulness of this estimation as an index of adrenocortical activity is only
limited to the finding of a gross departure from the normal.

In this study, however, a 17-KS method based on that described by James and
deJong (1961) was used and compared to other methods assessing adrenocortical
function,/
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function,
b« Group corticosteroids (see table 2)

_The C-21 corticosteroid estimations should give a better idea of the
adrenocortical function. The chemical reactions of corticostercids depend
upon the type of side chain attached to C=17., It must be noticed that,
unlike 17-KS, corticosteroids side chain ig very labile in gtrong acid or
alkali solutions (Edwards, 1960) and for this reason p-glucurocnidase hydrolysis
is often resorted to. These chemical reactions may be discussed under the
following headings.,

1.  lLeducing corticosteroids

Substances with a=ketol groups which include steroids with this functional
group at C~-203C-21 [~GO.GH20H] are reducing in nature, Talbot and co-workers
- (1945) applied this fact to estimate total reducing corticosteroids in urine
containing this group using alkaline copper sulphate reagent, Heard and Sobel
(1946) used phosphomolybdic acid reagent and claimed an enhancement of the reaction
in the presence of éﬁha—ketone group, and Chen and Tewell (1951) used a
tetrazolium salt (2:3:5 - triphenyl tetrazolium chloride) in alkaline medium,
Corticosteroids estimated by this method are; cortisol, cortisone, compound S
and their dihydro and tetrahydro-derivatives, DOC, compound B, compound A and
their dihydro- and tetrshydro-derivatives and aldosterone, (see reaction 2, table
1)s

The alkaline copper sulphate and phosphomolybdic acid methods mainly
estimate unconjugated reducing corticosteroids and moreover these reduction
reactions in general can include estimations of other non-steroidal reduecing
substances in the urine which could not be removed even with preliminary
purification,/
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Author Method Values
mge/24 hours
Males Females
ratterson (1961) Lowenstein et al (1946)
Enzyme hydrolysis,
formaldehyde. 3-26
Glenn and Nelson Enzyme hydrolysis, Porter-
(1953) Silber reaction, 3.3 = 9.3 2,1 = 5.0
Reddy (1954) Porter-Silber reaction
without hydrolysis 2.9 = 12,0 1.1 - 8.6
Norymberski et al Bismuthate oxidation,
(1953) acid hydrolysis 9.6 = 19.2 4.6 = 13.4
James and Caie Few (1961)
(1964) Borohydride reduction,
periodate oxidation,
alkaline hydrolysis 746 - 19,5 4e9 = 15,1
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purification. Thus due to the lack of specificity of these procedures
serious errors in calculations may result, Moreover, important metabolites
of cortisol, Celle cortols and cortolones, are not included in this estimation,
Because of all these disadvantages, these techniques are no longer popular,
The tetrazolium salts, however, especially 3,3 - dianisole biswl,4 (3,5=
diphenyl) tetrazolium chloride (= blue tetrazolium), are very widely and
successfully used now, only after isolation of individual steroids by
chromatography, for detection and estimation of corticosteroids. They give

bright red or blue coloured formazans with a~ketol groups,

These are corticosterolds with a hydroxy —methyl group at Ce=zl-~ adjacent
to either a ketone or another alcoholic group [-CO.CHszH or -CHOH.CHZOH]
with or without a hydroxyl group at C=17. They can react with periodie acid
to yield one molecule of formaldehyde per molecule of corticosteroid.
Corticosteroids estimated by this method are; cortisol, cortisone, compound S
and their dihydro- and tetrahydro-derivatives, o= and p-cortol, o= and P=
cortolone, DOC, compound B, compound A and their dihydro- and tetrahydro-
and 20-dihydro-derivatives and aldostercne (see reaction 3, table 1). The
original technique based on the reaction of chromotropic acid with formaldehyde
(MacFadyen et al, 1945) was described by Lowenstein and co-workers (1946) and
was later improved and modified by Daughaday et al (1948), Corcoran and Page
(1948) and Hollander et al (1951). Formaldehyde is liberated from the
reaction mixture by steam distillation, trapped in sulphite solution and
allowed to react with chromotropic acid, giving a violet colour, Disadvantages
of this technique are many, First, the reaction is not specific; any
contaminating/
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contaminating compound with hydroxymethyl group adjacent to a ketone or
another aleohol group which could not be removed by preliminary washing can
give this reaction (Patterson, 1961). Secondly, some urinary contaminants
ean bind formaldehyde inhibiting either its liberation or its reaction with
ehromotropic acid, Thirdly, the technique is difficult to standardise
(Patterson, 1961) and adjustment of the acidity at the beginning of the test
to pH 1 leads to marked losses of the total maﬁabolitea of corticosteroids,
An advantage of this method, however, is that it estimates practically all
metabolites of cortisol and corticosterone and none of their precursors,
Figures given by this method, 3-26 mg./2, hours for normal subjects, are often
higher than those given by other methods, and on the whole, on account of the
great disadvantages of this method it is abandoned nowadays.

3. Acetaldehvdogenic gterolds

Similar to the previous method, periodate oxidation of C-21 steroids
with 21l~-methyl=-17,20 dihydroxy side-~chain [-GOH.CHGH.CHB] results in liberation
of acetaldehyde which can also be quantitatively estimated by a colour reaction.
This method first introduced by Cox (1952) measures only pregnanetriol (and its
ll-keto derivative) and /N-pregnenetriol and may be of value in diagnosis of
%ﬂarenogenital syndrome where deficiency of 2l= or ll~hydroxylase enzymes in the
adrensal cortex results in blocking of cortisol synthesgis and increased excretion
of the metabolites of its precursors.

4  PortepsSilber chromogeng (P-S chromogens)

These are corticosteroids with dihydroxy-acetone side chain [-COH.GO.CH20H]
often called 17-hydroxycorticosteroids especially in the U.S.A. To avoid confusion
between this method and that described by Norymberski (see later) a better
terminology/ |
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terminology is 'Porter-Silber chromogens' or 'dihydroxyacetonyl steroids'.

This group of corticosteroids in alecoholie solution react with phenyl-
hydrazine in the presence of sulphuric acid to give yellow coloured osazones
with maximum extinction at 410 mp, The corticosteroids estimated by this
method, therefore, are; cortisol, cortisone, compound S, their dihydro- and
tetrahydro-derivatives (see reaction 4, table 1), This reaction was first
described by Porter and Silber (1950) but was applied in two different ways.
Reddy and co-workers (1952) extracted the free and conjugated corticosteroids
directly into butanol, the extract was subjected to a short step purification
and the Porter-Silber reaction carried out direetly on the corticosteroids
contained therein, This method is rapid and simple but butanol contains
impurities which give positive Porter-Silber reaction and even when redistilled
butanol is used this method is still thought of as a crude method not to be used
for estimating normal levels or in regearch work but only suitable where
exceptionally high results of corticosteroids are expected (Patterson, 1961).
Glenn and Nelson (1953) however, performed this method by applying hydrolysis
of conjugates using p-glucuronidase as the first step followed by extraction
of the corticosteroids into chloroform, purification by alkali wash and
florisil colums. The organic solvent for extraction could be ethyl acetate,
methylene chloride or ethylene dichloride and more purification could be
achieved by chromatographie separation of the corticosteroids. Fatterson (1961)
summarised the disadvantages of this method in two main points, First, only
the main group of cortisol metabolites are estimated, while cortols and cortolones
for example are not included. Secondly, many drugs interfere with the test e.g.
iodine,/



- 68 -
iodine, potassium iodide, quinine, sugars, ascorbic acid, paraldehyde, chloral
hydrate, sulphamerazine and senna, Nevertheless Patterson stated that with
careful attention to the details, this method, as far as adrenccortical function
is concerned, can provide the basig of a sound and accurate method for group
analysis better than any routine 17-KS method in accuracy and reproducibility,

Normal figures given by this method arej; for the Reddy technique, 2,9-12,0
mg./2, hours for males and 1.1-8.6 mg./2, hours for females; and for Glenn and
Nelson technique, 3.3=9.3 mg./24 hours for males and 2.1-5.0 mg./2/ hours for
females, As it is known that about one third of the cortiscl secreted by the
adrenal cortex is estimated as urinary Porter-Silber chromogens (Forsham, 1962),
multiplying the figure obtained from urinary measurement by three ylelds the
approximate twenty-four hours adrenal secretory rate.

5. llI=ketogenic gteroids (17-KGS)

It has been shown that three groups of corticosteroids can be oxidised by
sodium bismuthate to yield 17-KS (Norymberski, 19523 Norymberski et al, 1953).
These groups were termed 17-ketogeniec steroids, and are sometimes referred to as
17-oxogenic steroids (see reaction 6, table 1). These three groups are; the
dihydroxyacetone group [-COH.GO.GHZOH] which includes cortisol, cortisone, compound
S and their dihydro- and tetrahydro-derivatives; the 17,20,2l-trihydroxy- group
[-COH.GHQH.GH20H] which includes the cortols, cortolones and pregnanetetrol; and the
17,20-d1hydroxy-2l-nethyl group [~COH,CHOH.CH,] which includes pregnanetriol {and its
20p=hydroxy-isomer, S5a=igomer, 50-20p~hydroxy-isomer, Sa=~3p~hydroxy-isomer, and
50-208~hydroxy-3p-hydroxy-isomer), ll-keto-pregnanetriol and ﬁ-gn'egnenetriol.
The original method described implies oxidation of the wrinary corticosteroids by
bismuthate carried out in 50% acetic acid, to 17-KS; hydrolysis of conjugates by
hot aeid hydrolyeis, extraction and application of Zimmermann reaction, If 17-KS

were/
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were estimated on another aliquot of the same urine, the difference between
the two estimations will give the value for the 17-KS formed by bismuthate
oxidation, i.e. the 17-KGS.

In 1955, the Norymberski group (Appleby et al) extended their research
a step further., They showed that sodium borohydride has marked reducing
properties on the carbonyl groups at C-11, C-17, and C-20, Thus it can
transform the dihydroxyacetone group [-GOH.CO.GHZOH] to the 17,20,21-
trihydroxy group [-GOH.GHDH.CH20H] and the 17-hydroxy, 20-keto, 2l-methyl
group [-GOH.GO.CH3] to the 17,20-dihydroxy-2l-methyl group {COH.CHOH.CH3]
as well as the 17-KS [-C0] to 17-hydroxysteroids [-COH] (see reaction 5,
table 1), They applied this finding to their previous technique. Thus
by applying sodium borohydride reduction followed by sodium bismuthate
(see reaction 7, table 1), the naturally occurring 17-KS in urine will not
be included in the final result, while the 17-KS formed will be derived
from all 4 groups of corticosteroids containing a hydroxyl group at C-17
and accordingly this method estimates total 17-hydroxycorticoids, better
called total 17-ketogenic gteroids (total 17-KGS)., Thus this method will
estimate the groups and compounds mentioned in the previous technique plus
an extra group, the 17-hydroxy, 20-keto, 2l-methyl group [-COH.GO.GHB] which
includes 17a~hydroxypregnanolone (and its 5a-isomer and its 5a=3p~hydroxy-
isomer), 17a=~hydroxyprogesterone and the di- and tetrahydro-derivatives of
both 2l-deoxycortisol and 2l-deoxycortisone (see figure 1). A great
advantage of this modification is that the initial reduction eliminates the
pre-existing 17-KS and thus one final colorimetric determination is needed.
This increases markedly the precision of the technique. Another advantage is
that/
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that borohydride reduction also eliminates other non-speeific ketonic chromogens
which could give a positive colour reaction. Potassium borohydride is cheaper,
less hygroscopic and as efficaclous as the sodium salt.

Appleby and Norymberski (1955) used borohydride and bismuthate in the
sequence: oxidation-reduction-oxidation (see reaction 10, table 1), The
resulting 17-KS formed are derived only from the 2l-deoxyketolg, i.e. 17-hydroxy,
20-keto, 21-methyl group [-coa.co.chJ.

The same group of workers (ixley et al, 1961) devised a similar technique

to estimate gor g in urine, Thus they subjected

the urine to the sequence:s reduction-oxidation (see reaction 14, table 1) which
results in transforming the groups; -G.GO.CHQOH and -G.GHDH.0320H into C-20
aldehydes, which could be converted into the corresponding hydroxamic acids,
which in turn could be transformed inte their purple ferric hydroxamates., This
technique estimates the compounds; DOC, compound B, compound A, their dihydro=-
and tetrahydro- and 20-dihydro-derivatives and aldosterone.

Norymberski and Stubbs (1956) showed that the dihydroxyacetone group can
be specifically attacked by zine. Subsequent oxidation by bismuthate (see
reaction 11, table 1) leads to estimation of the 17,20-dihydroxy-2l-methyl and
the 17,20,21~trihydroxy groups together with the pre-existing 17-KS, The
difference between this estimation and that of the original bismuthate method
-gives en estimate of the important dihydroxyacetone group.

Norymberski (1961) also showed that oxidation with chromic anhydride alone
converts all 17-hydroxycorticosteroids and 17-hydroxyandrostanes to 17-KS (see
reaction 12, table 1) thus the

could be estimated at the same time by the Zimmermann reaction,
Although the original 17-KGS method is superior to the Porter-Silber
technique/
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technique at least as far as its being able to estimate more cortisol metabolites
besides its being more simple, yet many drawbacks have been noticeds The
method as a whole suffers from two inevitable disadvantages; the first is that
it measures pregnanetriol and ?zdgpis technique will be of limited value in
diseases such as theo;admgeni;al syndrome (Kent et al, 1963). Secondly, a
considerable lack of precision appears with subnormal corticosteroid levels in
urine, The use of bismuthate further adds to the disadvantages of the method.
Few (1961) summarised these disadvantages. They include the deleterious effect
on DHA and interference with 17-KS estimation, both of which, however, could be
avoided by the use of borohydride., Serious underestimations occur in the
presence of excess sugars in the urines, This could also be avoided by using
larger amounts of bismuthate, Duration of use of bismuthate is also important
since some batches could transform 1lp-hydroxy-l7-KS to ll-keto-derivatives.
It is known that 1llp-hydroxy-etiocholanolone and its 5a~isomer, llp-<hydroxy-
androsterone, are the two 17-KS which should be formed in this reaction. But
it was observed that in the sequence borohydride reduction-bismuthate oxidation-
acid hydrolysis ll-oxoetiocholanolone and Ag'll-etiocholanolone were formed
by oxidation and then dehydration, by hot acid hydrolysis, of the llg-hydroxy-
etiocholanolone initially formed. This could be avoided by using p-glucuronidase
or periodic acid for hydrolysis, It was also shown that 11p-hydroxy-ctiocholanolone
can be formed from corticosteroids not possessing oxygen atom at C<11l, and that
this can be included in the final result thus severely limiting the accuracy of
the quantitative evaluation. Another disadvantage of bismuthate oxidation is
that only about 80% could be recovered from the starting material., A last
disadvantage in the use of bismuthate is the variation of reactivity with the

type/
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type of bismuthate used,

Tompsett and Smith (1955) were the first to use periodate oxidation for
elimination of all the disadvantages of bismuthate, but they included a hot-
acid hydrolysis step between the reduction and oxidation steps and they
conducted the periodate oxidation in a strongly acid medium, Few (1961)
believes that these acid conditions are likely to cause the partial dehydration
of llp-~hydroxysteroids. He, therefore, used sodium meta-periodate and
alkaline hydrolysis. Periodate alone transforms only the 17,20,21-trihydroxy
and 17,20-dihydroxy, 2l-methyl groups to 17-KS (see reaction 8, table 1) but
if the sequence: sodium borohydride - sodium meta-periodate is applied all
four 17-hydroxycorticosteroids are transformed to 17-KS (see reaction 9, table
1). Thus Few estimated the total 17-KGS by applying sodium borohydride then
sodium meta-periodate followed by mild alkaline hydrolysis and extraction
into ether, The extract was purified by chromatography, partition column
using Celite, to separate ll-deoxy- from llp-hydroxy 17-KS, Using this method
all the disadvantages of using bismuthate were eliminated and if any formates
of 11p=hydroxy-etiocholanolone were formed they did not survive the alkaline
hydrolysis and were transformed back to llp-hydroxy-etiocholanolone. But still
pregn=5~ene~triol could be detected which might have formed some artifacts, and
the 1lp=-etiocholanolone could be formed from ll=-oxopregnanetriol thus emphasising
the fact that this method also will be of limited use in diseases like the
adrenogenital syndrome.

Rutherford and Nelson (1963), applying the sequence sodium borohydride
reduction - sodium meta-periodate oxidation proposed by Few (1961) with chloroform
as the extracting solvent, noticed marked improvement in reproducibility over the
bismuthate/
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bismuthate method. James and Caie (1964) reported that the method of Few
compared to estimations of cortisol production rate by Cla-labelled cortisol
studies is satisfactory as regards precision and accuracy, but the correlation
became poor as the secretion rate increased,

Michelakis (1962) resorted to a preliminary step of separating urinary
17-KS from urinary C-2l corticosteroids by using benzene-water partition; 17-KS
and contaminating material were extracted in the benzene layer and C-21 steroids
were separated into the water layer. This was followed by the sequence sodium
borohydride reduction - periocdate oxidation and the two llf-hydroxy-l17-KS formed
were extracted into either benzene, diethyl ether or ethylene dichloride and the
estimations performed using the Zimmermann reaction. High recoveries and
better reproducibility and specificity were also reported by this method; only
less than 5% of the cortisol metabolites, excreted as ll-oxygenated 17-KS,
will not be measured.

In most instances 17-KGS and total 17-KGS methods will give identical
results since the contribution of the 2l-deoxyketols in the normal subject is
negligible (Norymberski, 1961). But either of them should give higher results
than the Porter~Silber method; the difference should mainly represent the
contribution of cortols and cortolones, There are many advantages of those
indirect methods of corticosteroid estimation, as a whole, over the direct
Porter-Silber one, First, the reaction sequence to which the steroids are
subjected ensures a considerable degree of specificity especially when it involves
both reduction and oxidation steps. Secondly, the labile acid and alkali
gsensitive side-chain is degraded into a stable 17-carbonyl group which simplifies
subsequent manipulations. Thirdly all the known major metabolites of cortisol

are/
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are estimated by these methods. Lastly all these metabolites are converted
into a mixture of llp-hydroxy-etiocholanolone and llp-hydroxy-androsterone
of which the latter 1s only a minor component, or may even be lacking altogether
in some cases, These two compounds have the same chromogenicity in the
Zimmermann reaction, which enables accurate estimates of the exeretion of
cortisol metabolites to be made.

Normal levels of 17-KGS, which could also represent total 17-KGS
(Norymberski, 1961), are 9.6-19.2 mg./2, hours for males and 4.6=13.4 mg./24
hours for females (Norymberski et al, 1953). Figures given by the method of
Few (1961) are nearly similar; namely 7.6-19.5 mg./24 hours and 4.9-15.1
mg«/2, hours for males and females respectively. Multiplying the estimated
figures by two gives an approximate value for twenty-four hour secretory
rate of cortisol (Cope, 19613 Forsham, 1962),

In this study total 17-KGS were estimated by a method based on that
described by Few (1961) and compared to other indices of adrenocortical function,.

6. Conjugated corticosteroids

Very recently Zumoff and Bradlow (1963) isolated urinary conjugates of
corticosterocids as a group by a method bagsed on the ability of albumin to bind
steroid conjugates. Thus albumin was added to urine and co-precipitated with
ammonium sulphate. Precipitated albumin was separated by centrifugation and
conjugates of injected C 4—labelled cortisol were eluted from the protein by
denaturation with organic solvents. The authors of this method claimed better
recovery ofm,}ugatea than the usual acid or enzyme hydrolysis
procedures, The method is simple, not expensive, time saving and may well be
suited for routine use.

iy
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A1 Individugl steroid estimations
a. Gortigol excretiog

The estimation of the unmetabolised primary hormone, cortisol, as exereted
unchanged in urine is of a great biological significance, This is usually
achieved by extraction of the acidified urine, with chloroform, ethylene
dichloride or methylene dichloride, and the application of chromatography. The
use of GlL—Iabelled cortisol, to allow estimation of losses during the procedure,
renders the quantitative estimation (usually carried out by the Porter-Silber
reaction or fluorometrically) very accurate,

Only a very small proportion of the endogenous cortisol is excreted
unchanged in urine; and the values given by various workers range between
0=250 pg./24 hours (Burten et al, 1951 by Cope and Hurlock, 19543 Bonglovanni,
19583 Ross, 19603 Kornel and Hill, 19613 Dohan et al, 19623 Rosner et al,
1963). This estimation is the urinary reflection of the biologically active
unbound plasma cortisol. Mills and co-workers (1959) found that circulating
cortisol was 95% bound when the plasma concentration was 10 pg./100 ml.,

80% at plasma concentration of 40 pg./100 ml. and only 72% at a plasma concentration
of 80 pg./100 ml, Assuming a glomerular filtration rate of for example 100 ml,
/minute, at plasma concentration of 10 pg,/100 ml, and 95% protein binding only

Oe5 pge of cortisol is filtered per minute, while at plasma concentration of

80 pg./100 ml, and 72% protein=binding 22.4 pg. of cortisol is filtered per

minute, Thus there is a forty-five fold increase in the filtered load for

an eight-foid increese in plasme concentration,

Even though 80-90% is reabsorbed from the renal tubules in normal subjects
(Sched1/



; -8«

(Schedl et al, 1959) there is sufficient urinary loss to afford a sensitive
indicator of free physiologically active plasma cortisol., Cope and Black

(1959 a) also suggested that detection of increased excretion of unmetabolised
cortisol in the urine may be a more sensitive index of raised blood levels

than the measurement of the total urinary corticoccteroids, Similarly in cases
of Cushing's syndrome, there is an increase in total plasma cortisol level,
disproportionate increase in the unbound fraction, inereased excretion of
metabolites and a disproportionate and very significant increase of the excretion
of unmetabolised cortisol (Greaves and Wesmt, 1960; Kornel and Hill, 1961).
This is presumably because of the weaker binding of large quantities of the
ecirculating cortisol to albumin and the subsequent rise in glomerular filtration
rate, Contrary to the belief that unmetabolised cortisol is excreted
unconjugatad (Peterson et al, 19553 Neher, 1959) recent studies proved that

it could be conjugated as glucosiduronate or sulphate at C-21 (Fasqualini,

1960; Pasqualini and Jayle, 1961).

Very recently, Rosner and co-workers (1963) estimated unmetabolised cortisol
excretion using glass fibre chromatography and corrected for losses by 014-
labelled cortisol, Besides confirming the clear seperatioﬁ between normal
values and those found in adrenocortical hyperactivity states, they also
observed that no difference existed between figures of males and females, no
diurnal variation existed in the pattern of unmetabolised cortisol excretion and
marked daily variationsexisted in cases of Cushing's syndrome, They enumerated
the advantages of this test. As a diagnostic tool, it clearly separates normal
values from those found in adrenocortical hyperfunction and also differentiates

cases/
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cases of Cushing's syndrome from obesity, the latter with normal exeretion of
unmetabolised cortisol. Secondly, it is more sensitive than other methods of
measurement of adrenocortical function including estimations of the biologically
active fraction of plasma cortisol, Thirdly, conditions like thyrotoxicosis
may lead to increased hepatic enzyme activity leading, in turn, %o accelerated
degradation of cortisol with compensatory increase in cortisol production to
values well within the range found in Cushing's syndrome, The normal excretion
of unmetabolised cortisol in such conditions excludes the diagnosis of Cushing's
syndrome, Lastly it is superior to plasma cortisol estimations where emotional
upset may cause transient high values which would not be reflected in 2/ hour
urinary collection.

be

This line of study is of extreme importance in the knowledge of the various
metabolic pathways of cortisol, It is also important in determinations of specific
activity of the various metabolites necessary for cstimating cortisol production
rate by the radioisotope studies (see later). Hydrolysis and extraction of
corticosteroids are carried out as previously describeds. It should be noted here
that polarity of steroids increases by increase in number of ketone groups and
increases more with inereased numbers of hydroxyl groups, and that solvents also
show a gradation in polarity from the unsubstituted saturated hydrocarbons such
as light petroleum through the aromatic hydrocarbons, benzene, ethylene dichloride,
ethers, ketones, ethyl acetate, chloroform and alcohols to water (Brooks, 1961).
Stercids are most soluble in solvents of similar degree of polarity. Apart
from using this information to extract steroids, it can be used also to separate

them/
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them by applying two immiscible solvents to the steroid mixture one of which
should be most sultable for extracting a particular steroid, i.e., with a high
partition coefficient for that steroid, a method used in "counter-current
separation”,
Separation, however, is best achieved by partition chromatography, either

on column or better still and easier on paper together with a standard steroid
on a separate lane, Two systems of paper chromatography are often used; the
Bush system (Bush, 1952) is based on a volatile solvent as the stationary phase,
namely methanol, and impregnation of the filter-paper occurs entirely via the
vapour phase, This is in contrast to the methods developed by Zaffaroni
and his co-workers (Burton et al, 1951 a) where paper is first impregnated
with a non-velatile solvent to provide the stationary phase of the chromatogram.
The disadvantage of the first system is its great sensitivity to temperature
changes and that of the second system is the difficulty in remcving the
stationary phase at the end of the run. Detection of the steroid with the

d’-}-ketone grouping, characteristic of cortisol and other active adrenal
steroid hormones, on the chromatograms can be achieved by visualising them as
dark spots on exposure to ultravioclet light of wavelength 254 mp. Other
steroids can be detected on paper by the Zimmermann reaction or better still by
blue tetrazolium, (Quantitative estimation of the steroid can be done by elution
of the part of the chromatogram containing it in a suitable solvent, the eluted
steroid then being estimated photometrically in solution using the ebsorption or
fluorescence of the compound itself or that of a reaction product. Alternatively
the steroid can be measured by treating the chromatogram with reagents which form

eoloured/
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coloured or fluorescent spots with the compounds on paper; the intensity of the
spots is measured photometrically (Bush, 1960).
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Egtimations in blood
A, Biological methods
These, as in the case of urine studies, were the oldest methods for

estimating adrenocortical zctivity. They included prolongation of the life
of esdrenalectomised dogs by injection of serum (Anderson and Haymaker, 1938)
and the cold protection test in rats (Vogt, 1943), ete. Today these tests
also have given way to the more accurate and simpler chemical tests.

B,

In blood,unlike in urine, cortisol is the main corticosteroid, constituting
over 80% of the eirculating corticosteroids (Mason and Sprague, 1948; Bush
and Sandberg, 19533 Romanoff et al, 1953; Hudson and Lumbarde, 1955). Bush
and Sandberg (1953) applied chromatographic methods to separate cortisol in
peripheral blood and identified this compound by several criteria including
light absorption, reaction with tetrazolium salt, fluoresence in sodium
hydroxide and degradation to the expected 17-KS,

Methods for estimation of adrenocortical activity in blood are very limited;
they could be either crude methods of estimating corticosteroid levels or more
refined for the estimation of cortisol levels after chromatographic separation,
As the concentrations of steroid in peripheral blood are very low, it is particularly
important from the analytical point of view, especially in cortisol estimations,
that any degree of contamination or interference should be minimised.

a. Sollection of blood sampleg

Standardised times are important since a diurnal rhythm of cortisol level

in blood is well established (Lewis, 1957). Blood from fasting patients is

preferred/
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preferred to avoid interference by lipid material in the plasma, especially
with some of the refined techniques (Praunsberg and James, 1960). An
anticoagulant is usually used, most often heparin, Oxalates may be used,
but eitrates interfere with colorimetry in the method of Nels~m und Samuel
(1952).

Plasme,not serum, should be used since redistribution of steroids oecurs
between the red cells and plasma during the clotting process and low levels
have been revorted in serum (Bongiovanni, 1954), Eik-Nes and co-workers (1953)
stated that migration of steroids into red cells takes place if blood is allowed
to stand, an observation confirmed by Peterson and his associaies (1955)
using C™-labelled cortisol. DeMoor and Meulepas (1962) also showed that
inereased removal rate of corticosteroids from plasma was under certain
circumstances due to an increased storage of plasma corticosteroids within or on
the red blood cells., Whole blood also is unsuitable for estimation of
corticosteroids, since it is very difficult to extract cortisol from lysed cells
(Bush, 1957)« Once separated from the blood cells, the plasma can be stored
at 4°C for a short time (Nelson et al, 1951) or deep frozen for longer periods
(Harwood and Mason, 1956), but it must be noticed that some denaturation of
protein occurs on deep freezing (Brown et al, 1957).
be

There is no evidence to indicate that precipitation of proteins offers any
advantage over direct extraction, Pre-wash of plasma to remove lipid with carbon
tetrachloride (Silber and Busch, 1956), iso-octane (Silber et al, 1958) or
petroleum ether (Moncloa et al, 1959) prior to extraction, produces considerably

cleaner/
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cleaner extracts, The solvent of choice for extraction is methylene chloride,
because of its greater stability (Bongiovanni and Eberlein, 19553 Silber and
Busch, 1956), One extraction with 5 volumes of methylene chloride yields about
98% of the cortisol in plasma (Peterson et al, 1957 a). Ethyl acetate and
chloroform (Nelson and Samuels, 1952) may be used; two extractions with 1.5
volumes of chloroform appear to be adequate (Harwood and Mason, 1956).

Metabolic products of cortisol, like the tetrahydro-derivatives, occur
mostly in the conjugated form in blood, They are thus water soluble and are
not extracted by these lipid solvents.

Dialysis procedures, which are supposed to provide an extract which is
relatively free from lipid and pigment, do not offer any great advantage
over straight—forward extraction methods; further purification is still desirable.
c. Purification of cortigogieroids

The use of solvent partition, especially benzene/water partition, achieves
considerable purification of cortisol (Eik-Nes, 1957)s To remove some steroidal
estrogens and other phenolie and acidiec compounds, an alkali wash of the organic
golvent extract is incorporated in some methods. One~fifth to one-tenth volume
of 0,1N sodium hydroxide is commonly used (Silber and Porter, 19543 Silber and
Busch, 1956), Potassium carbonate and sodium carbonate were used (Bush and
Sandberg, 1953) but none of these methods effectively removes the less polar
estrogens such as estrone and estradiol,

Crude chromatographic purifications on "Florisil", a commercial magnesium
silicate preparation (Nelsen and Samuels, 1952), magnesium silicate/Celite
(Nelson and Samuels, 1952), reverse phase partition (Morris and Williams, 1953 b)
and silica gel columns (Bush and Sandberg, 1953) have been used in some methods.
1t/
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It is not known whether or not these offer advantages over simple solvent
partitionss On the other hand they need careful preparation and variable
losses may occur, However, among these crude chromatographic purification
methods, that using silica gel offers advantages of simplieity and reproducibllity.
d. Separation of Cortigol

The more refined methods resort to separation of cortisol by chromatography.
Generally speaking, fractionation of the steroids is brought about by adsorption
and/or partition chromatography. In column adsorption chromatography, a mixture
of steroids in solution is passed through a finely divided adsorbent; the various
steroids are adsorbed at different distances along the length of the column, and
may be separated, either by cutting the column and dissolving each steroid in a
suitable solvent, or by rassing a solvent through so that the various steroids
pasa out of the bottom of the column in an order which is dependent upon their
physical properties and the adsorption of the column. 1In columm partition
chromatography, the column is impregnated with one solvent (the stationary phase)
and the mixture of steroids, dissolved in a second solvent (the mobile phase), is
passed through it, The steroids are separated in an order depending not upon
the adsorption but upon their relative solubilities in the two solvents. This
principle is also applied in paper partition chromatography, where filter paper
is used as the support for the stationary phase.

Column adsorption chromatography, e.g. silica gel adsorption columns (Sweat
1954 b) has been used for determination of steroids in blood (Sweat, 1955), but
it did not give reproducible results; "tailing" occurred and the steroid fractions
from plasma extracts were contaminated with other compounds which interfered
with subsequent determination (Takeda, 1956).

Column/
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Column partition chromatography was first used by Morris and Williams
(1953 b) to separate adrenocortical steroids. They used columns containing
a stationary phase of 25% aqueous ethanol with toluene as eluent, Excellent
recovery of cortisol was achieved by these methods, but exceptionally high
values of corticosterone plasma levels were obtained. Many useful systems
have, however, been derived from this methed, and their application to blood
extracts has met with some success (Ayres et al, 1957; Braunsberg and James,
1960).

Paper partition chromatography, on the other hand, has been used
extensively for separation of cortisol and other steroids in blood. Crude
plasma extracts have been fractionated on either the Bush (Bush, 1952) or the
Zaffaroni (Burton et al, 1951 a) systems., The latter are capable of handling
larger quantities and thus are more suitable for relatively impure extracts, and
offer advantages for larger blood volumes,

The use of paper chromatography presents two difficulties, First, the
value of the "blank" is often high and has to be reduced by adequate washing
of the paper before use, to ensure that the blank is sufficiently low and
uniform over the length of the paper; secondly, the problems of determination
of steroids jin gitu after chromatography or quantitative elution from paper
prior to assay, which in most cases still leads to a lower degree of precision
than does, for example, the use of partition columns, However, trace amounts
of igotopically labelled steroids, added to blood before extraction, help to
obviate this difficulty (Avivi et al, 1954; Peterson, 1957; Bondy and Upton,
1957).  Paper chromatography on the other hand offers an advantage when large
numbers of samples are to be analysed.

Counter/
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Counter-current distribution which has been applied to urinary extracts and
extracts from adrenal vein blood was not applied to peripheral blood, Counter=-
current separation of a large number of samples, however, is inconvenient and time

consuming,

s (see table 3 and 4)

As in the case of urine, periodic acid can affect oxidative release of one
formaldehyde molecule per molecule of steroid containing a hydroxymethyl group at
C-21 [-GH20H]. Corcoran and Page in 1948 published a method based on this
principle for determining corticosteroid levels in plasma and urine. They
extracted heparinised plasma with acetone after precipitation of plasma proteins
by an alcohole-ether mixture, periodic acid was added and the formaldehyde liberated
estimated after reaction with chromotropic acid. This method, although very
simple, is nonspecifie; phospholipids, traces of which could not be eliminated
produced formaldehyde, and other steroids containing the C-21 hydroxymethyl group
also produced formaldshyde, Thus, values given by this method were very high;
110-420 pg./100 ml, and this method is no longer used.

2. Ultraviolet absorption methods

Light absorption at 240 mp, is typical of &-B-ket.osteroida. However,
reagent background, other steroidal and non-steroidal compounds may give absorption
in this region, necessitating a considerable degree of purification, Also, the
molecular extinctions are lower than those produced in some colour reactions,
necessitating the use of larger blood volumes (Weichselbaum and Margraf, 1955).
3« Solour reactions
i, [Eorter-Silber reaction. The alcoholic solutions of steroids containing
the dihydroxy-acetone group, with some degree of specificity, react with phenyl-
hydrazine/
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Table

tion of corticosteroids in

Author Sample Extraction Purification Determination No. of | age Sex Time Value (pg./100 ml,)
Subjects | (years) @efe  IMean and S.D. Range
Corcoran and Page aloohol:ether (protein Petroleum ether Periodic acid oxidation. 110,0-%20.0
(1948) precipitation), acetone Estimation of liberated
formaldehyde by
chromotropic acid
Bliss et al (1953) | 30ml. blood |4 x 1 vol, 4:1 ether: Hexane/70% ethanol |Porter-Silber reaction 91 20-45 M 12,0% 6.0 2,0-34.0
[Method of Nelson_| or 10 ml. chloroform or 3 x 1.5 or benzene/water in 0,5 ml, final vol, {8:00-8: 30
and Samuels (1952}' plasma vol. chloroform partition and Allen correction: 370, 29 2045 P 15.0+6.0 2.0-31.0
magnesium silicate/|410, 450 mp.
Celite or Florisil
columns
Silber and Porter | 10ml. plasma |1 x 2.5 = 5 vol, 1 x 2ml. 0,1 Porter-Silber reaction
(1954) chloroform N NaOH wash directly on 1 ml, final 16 13.3%6.2 6.0-25.0
vol., = 410 mp - (plasma
“2504 as blank)
Bierich (1959) 10ml, plasma | Pre-wash with carbon NaOH wash Porter-silber reaction 25 3=-15 9:00-11:00] 1043+4.5 2.4-23.5
[Method of Silber tetrachloride, 2,5 vol. directly on 1 ml, final :
and Busch (1956)] and petroleum ether, vol.
2.5 vol. Extraction
with methylene chloride
X 2.5 vl 1 x) yol,
Peterson et al O.2ml, 1 x 5 vol., chloroform NaOH wash Porter-3iloer reaction 50 15.04-4.5 6.0-25,0
(1957 a) plasma directly on 1 ml, final
vol.
DeMoor et al 0.2 - 2 ml., |Pre-wash with petroleum 0.2 vol. 0.1 Extraction of solvent 23 25-39 M [8:00-9:00 18.4
(1960 b) plasma ether, 3 vol,, extract N NaOH with 30 N H,SO, and
Elﬁethod of ber with methylene chloride, fluorescencd réad 20 25-39 F 18:00-9:00 2540
et al (1958 3 vol, after 30-90 minutes
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Methods for estimation of cortisol in plasma

]

corticosterone

Author Sample Extraction Purification Separation Determination |No. of Age |Sex Time Value (pg./i00ml)
: subjects |(years) a.m. Mean & S.D.| Hange
Morris and Williams |20ml. plasma 4 vol. ethanol Partition in 20% Celite partition |FPolarography of | (L4 M
(1953 b) ethanol /ethylacetate |chromatography hydrazones ( 2045 8.4+ 1.5 [6.5-10.5
and 50% ethanol/ 3 F
carbon tetrachloride
Sweat (1955) S5ml, plasma ' chloroform 70% ethanol/petrol- Silica gel Fluorescence in 21 M 10.84-2.6
eum ether pertition chroma tography sulphuric acid o
Braunsberg and 10ml. plasma (pH of plasma Silica gel column Celite partition |Fluorescence in i M
James (1920) adjusted to 9.0+ chromatography ethanol sulphuric 18-51 94 30-10: 30 7+84-2.4 [4.8-13.3
0.5)2 x 3 vol. acid G F
 ethyl acetate
Lewis (1957) Sml, plasma 2 x 4 vol, ethyl |alkali wash paper Fluorescence in 20 M
acetate ‘ chromatography sulphuric acid 1542 8:00-9:00 | 9.2+1.5 | =12
(10 F ' !
Bondy and Upton E-I»mﬁ plasma add alkali,3 paper !
(1957) ~cortiscl |vol, chloroform chromatography Radioactivity and| (29 10.243.6 | 4.0-17.7
Bondy et al (1957) ~cortico- fluorescence in ( B
sterone pot. t-butoxide (33 8.14 5.6
Bojesen (1956) 5-10ml, plasma |1 x 1.5 - 3 vol. |70% ethanol/ paper chroma- Radiocactivity 6 10:00 1335 6.9-20.0
chloroform hexane partition tography after
esterification }
wi 'pipsan'
o8 |
Berliner (1957) 5-10ml, plasma | Chloroform 7%, methanol/ Japer chroma- Radiocactivity 6 3:00p.m, | 8.6+ 0.4 |
hexane partition t.%n.phy after _; = ;
or heptane pre- C" "-acetylation i !
Murphy et al iml. plasma - - | equilibrium . = |Radiosotivity |
(1963) dialysis for C""= |comparea to
unbound cortisol |standard protein- [ Tele=15.4
binding curve f |
|
Osman (1961) 1-2ml, plasma | (pre-wash with alkali wash - Fluorescence in | (15 " i
petroleum ether) ethanol sulphuric k 8:00-9:00 | 9.6+ 2.7 5=15
methylene acid of extract 12 F 7T
chloride and standard I
cortisol and l
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hydrazine in sulphuric acid yielding yellow coloured osazone derivatives with
peak absorption at 410 mp (Porter and Silber, 1950; Silber and Porter, 1954).
In normal persons, cortisol accounts for approximately 90% of the unconjugated
plasma corticosteroids that give this reaction (Peterson et al, 1955) and the
unconjugated dihydro-derivativeraccountsfor most of the rest of them, Steroids
other than cortisol with 20-keto-17,2l-dihydroxy grouping may contribute to
this colour reaction and so do a-f-unsaturated ketones like compound S and
even non-gteroidal compounds such as sugars, ascorbic acid, aldehydes, ketones,
quinine, colchicine, potassium iodide, chloral, paraldehyde, chlorpromazine,
sulphamerazine, bilirubin, etc, (Braunsberg and James 1961). Thus cortisol
can sometimes account for as little as two-thirds or even one third of the
Porter-Silber colour produced by plasma extracts (Bayliss and Steinbeck, 1953).
Accordingly Allen's correcticn formula was frequently used to eliminate or
minimise this source of error (Allen, 1950), A related reaction with
2,4~dinitrophenylhydrazine is more sensitive but less specific (Gornall and
MacDonald, 1953); most steroids produce considerable colour, and absorption
peaks are not sufficiently different to allow determination of individual compounds.

The use of these methods applied to crude preparations from blood is,
therefore, not likely to yield meaningful results, but they may be useful after
separation and careful purification. Methods using the Porter-Silber reaction
include Nelson-Samuels method (Nelson and Samuels, 1952), which needs considerable
training and care but has low specificity for cortisol and is not very sensitive;
the lowest measurable blood concentration is 5 pg./100 ml. It can reflect

grossly increased or decreased adrenocortical activity but is not suitable for

precise/
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precise and accurate determination of cortisol.

Silber and Porter (1954) suggested a method not involving chromatographic
purification, and using direct extraction of corticosteroids into the Porter-
Silber reagent, Its sensitivity and specificity are not better than the
Nelson=Samuels method, and its precision remains low at low levels; this
is why the originators of this method added 5 pg. cortisol to the extract,
to increase the sensitivity of the method, and subtracted this amount later
from the final result.

15. (3313 '~dianisole=4 14 '~3:5-diphenyltetrazolium

chloride) in alkaline solution, by a=ketols (Mader and Buck, 1952), to purplish
or mauve-coloured waler-insoluble pigments called formazans was applied to the
determination of cortisol and other corticosteroids in peripheral blood

(Chen et al, 1955). Sodium hydroxide, choline or tetramethyl-ammonium hydroxide
were used to provide an alkalinc medium.  Although many sterocids not containing
the a~ketolic grouping reaet more slowly, these do not usually interfere with
determination of adequately purified cortisol. Thus, the sensitivity of this
method slightly exceeds that of the Porter-Silber reaction, but its use for
erude blood extracts (Weichselbaum and Margraf, 1955) must be condemned since

it has low specificity, FElution of the chromatograms either precedes (Vogt,
1954) or follows (Cope et al, 1955) reaction of the steroid with the tetrazolium
salt, or the paper may be added to the reagent (Chen et al, 1955). Sensitivity
of these methods is reduced by the paper hlank, and the method is thus diffieult
to apply to the small amounts of steroid available from peripheral bloed,.

111, o of /¥-3-ketosteroids produces

hydrazones with absorption maxima at 380 mp, (Umberger, 1955), and was suggested

B.B/
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as a basis for determining physiologically active corticosteroids in plasma
(Weichselbaum and Margraf, 1957). The sensitivity of this method is considerably
lower ihan that based on direet ultraviolet absorption, but the difference in
the rates at which the various ketones condense with this reagent, and in the
absorption maxima, lend some specificity to the method, Compounds other than
a=-f-ketones may, however, contribute to the reading at 380 my,
4  Eluorometric methods

Cortisol and corticosterone undergo reactions in alkaline media (Bush, 1952;
Abelson and Bondy, 1955) and sulphuric or phosphoric acid (Wintersteiner and
Pfiffner, 19363 Sweat, 195/ a; Goldzieher et al, 1954; Goldzieher and Besch,
1958; Kalant, 1958) with the formation of unknown products, which can be measured
fluorometrically, Fluorescence in alkali is specific to zﬁf;a-ketones
(Bush, 1952) and high specificity of fluorescence in acid requires a zﬁfka—katone
group and a hydroxyl group at C-ll (Sweat, 1954 a)., Interference by impurities
also occurs but careful preparation and purification of the samples and the
attention to details of fluorescence development, activation and measurement
may reduce any interference. The availability of highly sensitive photomultipliers
makes it possible to use these methods for very dilute solutions, and the
fluorescence is directly proportional to concentration when the extinetion is
0.05 or less (Braunsberg and Osborn, 1952). This is the range of concentrations
in vwhich absorptiometric methods become inaccurate. The use of fluorometric
techniques, therefore, seems attractive for work with small quantities of steroids
such as those present in blood,

Flucrescence reactions in alkaline or acid media can be applied to steroids
on paper after chromatography (Bush, 1952; Zaffaroni and Burton, 1951) or in
solution (Abelson and Bondy, 1955; Sweat, 1954 a; Goldzieher et al, 1954).
Fluorometric methods can thus be applied with success to purified fractions from

human/
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humen peripheral blood, but their use for crude plasma extracts raises problems
of specificity. The introduction of a simple and rapid technique using
fluorometric methods for the estimation of cortiscl and corticosterone levels
in crude extracts of peripheral blood, by making use of special curves to
exclude interfering substances (Osman, 1961), was a great achievement towards
increasing the specificity and simplicity of these methods.

Methods involving fluorometric determinations include that of Silber
et al (1958). In this method a minimum of purification is adopted and the
method depends almost entirely on the specificity of the fluorescence reaction,
Although high precision, accuracy and sensitivity were described for this method,
'residual fluorescence' appears to be fairly constant, reviving the problems
of specificity, and so these methods may be useful for followlng changes in
plasma levels of cortisol, or only employed after separation of cortisol in
silica gel adsorption columns, paper partition chromatograms or Celite partition
columns,

For separation of cortisol, adsorption on silica gel has been used (Sweat,
1955)s Florisil columns were used prior to silica gel chromatography (Ely
et al, 1958), but unknown contaminants lead to lowering of the specificity of
this method, This, together with poor reproducibility, render the use of
this method very limited. Celite partition chromatography (Braunsberg and
James, 1960) of cortisol is lengthy and exacting and liable to interference by
impurities., Paper chromatographic methods were used by scme workers to separate
cortisol. Lewis (1957) employed a preliminary reverse phase chromatogram to
remove less polar contaminants from plasma fractions, followed by a benzene/50f=-
methanel chromatographic systems The steroids were determined by sulphurie
acid fluorescence after elution, In other similar methods (Bondy et al, 1957;

Bondy/
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Bondy and Upton, 1957) steroids were determined by estimating their flucrescence
in potassium t-butoxide and radicactive steroids were added to the plasma to
allow for losses in the igolation procedures., Specificity of these paper
chromatographic methods depends upon the resolving power of the paper system and
the fluorescence technique, High precision was described for these metheds, and
they are reasonably specific for cortisol, but high sensitivity is achieved
only when paper blanks are sufficiently low or constant.
5. Lelarographic methods

These were first introduced by Morris and Williams (1953 a). Although this
technique gave rocoveries of 80%, it has not found further application because
it requires eritical purification of each compound,
6.  laclopic methods

© There are three methods utilising radicactivity measurements for determination

of corticosteroid levels in blood, The first involves the addition of a known
amount of isotopically lsbelled steroid to the gample, and radicactivity measurement
of the final fraction submitted to quantitative chemical analysis. This
constitutes an internal standard to correct for all logses occurring during
chemical manipulations, Thus, in those methods, manipulations need not be
quantitative resulting in saving of time, and the assessment of accuracy is more
valid than that based on conventional recovery experiments, Greater precision
can be achieved if the quantity of tracer compound added is sufficiently small
to ba ignored in the final determination,s This requires tracers of very high
specific activity, This method has been applied to the determination of cortiscl
in plassa (Bendy et al, 1957).

The second application of tracer isotopes is in quantitative reaction of the
stercid with a suitable reactive reagent to yield a chemically stable derivative,
the/



- 9] -
the radiocactivity of which is a measure of the amount of steroid present. The
reaction in this method must be highly specifie, or a rigorous purification
rrocedure must be adopted to isolate the required compound., Acetylation with
cM.acetic anhydride (Berliner, 1957; Hollander and Vinecour, 1958), or the
reaction with 335-1abelled-'pipaan' (p~iodophenyl=-sulphonylic acid anhydride)
(Bojesen, 1956) followed by paper chromatography were applied to the determination
of cortisol in plasma,

A combination of the previous two methods utilising two different and
distinguishable radicactive isotopes, one for chemical reaction with steroids
and the other for correction of losses during the procedure, is called the
'double tracer technique' and can offer high precision, accuracy and sensitivity
(Avivi et al, 1954). A third application of the radioisotopes was demonstrated
by Murphy and co-workers (1963). These workers made use of the steroid
binding capacity of the plasma, by adding inereasing amounts of unlabelled
cortisol to an equilibrium dialysis system containing a standard plasma and a
constant amount of ClA—Iabelled cortisol, This led to decrease in the proportion
of the percentage of protein;bound 014~1ahelled cortisol from which a standard
curve could be drawn, The plasma to be tested was similarly treated, and its
cortisol content could be determined from the standard curve, The authors of
this method reported high degrees of reproducibility and specificity for
cortisol; the method was not affected by drugs or haemolysis. Recoveries were
91%, and only 1 ml., plasma was required, Its precision was high at low levels
(0~10 pgs/100 ml.), and many semples of blood could be estimated at a time which
rendered the method eapﬁcially useful in adrenocortical stimulation and
suppression tests,

Examination/



- 92 =

Examination of table 3 and table 4 reveals that the methods employing
the Porter=-Silber reaction give similar means and ranges, and that techniques
employing careful chromatographic separation of cortisol produce mean values
which are slightly lower than those obtained by the cruder methods. It must
be noted, however, that no appreciable difference between sexes could be
demonstrated (Bliss et al, 1953; lLewis, 1957; Deloor et al, 1960 b), although
some data suggest that cortisol values in women may be lower than in men
(Bondy and Upton, 1957).

In summary, the inclusion of an adequate chromatographic stage appears
to be necessary at present, if reliable estimation of cortisol in blood is to
be made, Since small volumes of bleod are wsed, the question of sensitivity
is important, Isotopic techniques are capable of the highest possible
precision and sensitivity, Also, the sensitivity of the m“mtho&a
is relatively high, The development of methods for the determination of
cortisol in plasma has been prompted to a large extent by the desire to obtain
a chemical measure of the hormonal activity to which tissues are subjected.
However, other factors, e.g., the diurnal rhythm, variation in response to
stress and emotional upsets, day~to-day fluctuation of plasma levels, function
of the thyroid gland and liver, and the extent of protein-binding of plasma
corticosteroids, must modify our corcept of the relationship between these
chemical methods and the biological activity of corticosteroids., Therefore,
the interpretation of plasma steroid levels must be made with cautlon, since
hormonal activity may not be properly reflected by the concentratlon of
eirculating steroid.
1./



Soon after the discovery that cortisol and other corticosteroids circulate
in the plasma bound to proteins, and with the knowledge that the organic solvents
used in the classical methods of estimation of cortisol level in blood extract
both the bound and unbound cortisol, several methods were proposed to estimate
the degree of binding of cortisol and to correlate it, and apply it as a
diagnostic meagure, to the various clinical dysfunctions of the adrenal
cortex. Tha oldest of these methods (Eik-lNes et al, 1954 b) was based on the
difference in 'solubility' of steroids in saline and albumin solutions, Other
methods wer: bnsed on dialysis of plasma (Bush, 1957; Daughaday, 1958 aj
Slaunwhite and Sandberg, 1959; Sandberg and Slaunwhite, 1959); ultraviolet
spectrophotometry of steroids containing the zﬁf-&-keto group (Westphal,
1957)3 electrophoresis of the plasma and separation of the various protein
fractions and identification of the siercids attached to them (Westphal et al,
19553 Daughaday, 1958 b; Slaunwhite and Sandberg, 19593 Sandberg and
Slaunwhite, 1959) or ultrafiltration of the unbound fraction and estimation
of its proportion to the total cortisol in plasma (Sandberg et al, 1957 b;
Chen et al, 1958; Milia et al, 1959).

The method based on solubility did not give a true picture of the binding
in plasma, since cortiscl in particular is mainly bound to globulin, and that
based on ultraviolet absorption showed a marked overlap of the sterold peaks
in the ultraviolet spectrum, All the previously mentioned methods, however,
were only either qualitative for the detection of the unbound fraction of
cortisol, or at the best semi-quantitative,

HMore recently, Mills and his associates (Mills et al, 1960; Chen et al,
19613/
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1961; Mills, 1961 a3 Mills, 1962) improved the ultrafiltration technique
to measure the degree of cortiscl binding in a truly quantitative manner,
These workers added cu-labellad cortisol in a small quantity, so chosen
that the ratio of bound to unbound cortisol was not disturbed even at the
lowest concentration of steroid, i.e. they added a small amount of cortisol
of high specific activity, Plasma was then transferred toﬂ:’visking tubing
and ultrafiltration was carried out by centrifugation at 37°C overnight,
The proportion of radiocactivity of a certain volume of the ultrafiltrate,
representing the unbound cortisol, to the same volume of total plasma,
representing both the bound and the unbound cortisol, was a measure of the
propertion of the unbound to the total cortisol in plasma,

In 1962, Daughaday and his co-workers improved their method of measuring
the binding capacity of the corticosteroid-binding globulin (CBG), They
devised a double equilibrium dialysis procedure based on differential heat
inactivation of the CBG at 4°C and 60°C, thus rendering it more quantitative.
The CBG=binding capacity as estimated by this method was 20,1 * 5,2 pg./100 ml.,
with no significant difference between males and females. Murphy and Pattee
(1963) found it easier and more accurate to measure the CBG~binding capacity
in terms of the amount of cortisol required to saturate it. They thus modified
the dialysis method and carried out their estimations at 37.5°C, They obtained
higher values, but also without significant sex difference (30.9 * 4.5 and
31,8 % 5.5 pg./100 ml, for females and males respectively)s These workers
noticed no diurnal variation of CBG-binding capacity and no effect of ACTH on
it.

The ultrafiltration technique, however, has many advantages over the dialysis
methods./ |
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methods, It is rapid, simple and is carried out at 37°C which renders the
technique more accurate from the physiological point of view, The use of
radioisotopic cortisol gave high precision to the method, even at low
concentrations of plasma unbound cortisol, but most important is the fact
that only this technique measures directly the unbound fraction of cortisol
in plasma, while the dialysis methods measure the CBG-binding 'capacity!,
and, as Daughaday pointed out (Daughaday et al, 1962), no correlation was
observed when CBG-binding capacity was plotted as a function of the plasma
17<hydroxycorticosteroids,

Quantitative estimation of the degree of binding by plasma proteins to
cortisol, has been used to assess if it could be of any diagnostic help in
adrenocortical or other dysfunctions. Under normal conditions, i.e. at
physiological level, 90-95% of the cortisol in plasma is bound and 5-10%
is unbound (Mills et al, 1960), Doe et al (1960 b) reported a significant
rise of the unbound fraction after ACTH stimulation, and in cases of
adrenccortical hyperfunction @ue to bilateral hyperplasia, More recently
Doe and his associates (1963), using a dialysis technique and C'¥-labelled
cortisol, showed that overlap occurs between the percentage of non-bound cortisol
in normal subjects and in patients suffering from Cushing's syndrome, but
pointed out that if the absolute levelf of the unbound fraction is taken into
consideration no overlap will be noticed. These workers showed for the
first time a circadian rhythm of the non-protein-bound cortisol in hormal
subjects (with values of 1.2-2.7 pge/100 ml, at 9300 a.m, and, 0,12-0,74
1g¢/100 ml, at 9200 p,m.) which was absent in cases of Cushing's syndrome.
Soy 1t seems that study of the binding of plasma proteins to cortisol is more
promising/
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promising as far as it is throwing more light on the problems of understanding
and diagnosis of adrenocortical dysfunctions. In this thesis, a method based
on the ultrafiltration technique was studied as an index of the adrenccortical

function,



2 (see table 5)

It has been mentioned before that plasma cortisol levels should be
interpreted with care because of the many factors which influence them,
This means that these estimations are not sensitive indicators of the
actual adrenocortical activity,

Attempts to estimate the actual production rate of cortisol by the
adrenal cortex started in 1952 when Knowlton successfully maintained
Addisonian patients on 12,5-25 mg. of cortisone per day and suggested that
the actual daily output of the normal gland must be of the same order,
later, Bondy and Altrock (1953) estimated 17-hydroxycorticosteroids
similtaneously in the plasma of the renal artery and renal vein and
calculated the production rate by multiplying the difference of the two
values by the value of the renal plasma flow, They obtained values in
normals of 15,0-25,0 mg,/2/ hrs, Hardy and Turner (1957) estimated cortisol
production rate by simultaneous determination of cortisol secreted in the
adrenal vein and the adrenal vein blood flow., They reported values of 34.0
mge/2/ hrs.

Although the last two approaches were more direct ones, yet these
methods were performed under abnormal conditions and therefore are only of
very limited use. Dorfman (1954) applied a different approach. Observing
the proportion of an mgegted dose of cortisol excreted as ll-deoxy- and
1l-oxy-metabolites of 17«KS in urine, calculated a production rate of
21,0 and 18,0 mg./24 hrs., for males and females respectively. Silber (1955)
administered graded doses of cortisol and caleculated the production rate by
subtracting the amount of metabolites estimated by the Porter-Silber reaction,
excreted/



Author

Values

mg./2, hours

Males

Females

Enowlton (1952)

Bondy and Altrock
(1953)

Hardy and Turner
(1957)

Dorfman (1954 )

Silber (1955)

Moxham and
Habarro (1956)

Samuels et al
(1957)

Peterson and
Wyngsardea (1956)

Cope and Black
(195¢ a)

Replacement therapy

Simultaneous estimation of:
17-hydroxycorticosteroids
in renal artery and vein,
and renal plasma flow,

Simultaneous estimation of
cortisol in adrenal vein
and adrenal vein blood flow.

Excretion of 1ll-oxy- and
1l-deoxy=- neutral 17-KS
after test dose,

Exeretion of 17-hydroxy=-
corticosteroids after test

{ doge,

Excretion of P=3 chromogens
and 17-KGS after test dose.

Rate of disappearance of
administered cortisol,

Isotopic dilution: blood
method,

Isotopic dilutions urine
method.

1205 b 250 0

15.0 b 25|O

340

21.0

219 * 8.3

(P"‘S lz&! 0""45 L] 0
(17-KGS 845=49.0

36.0

18.0

9.5 " 36.
5-5 - 400

12.0 - 2900

409 — 2503

0
0
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excreted at basal (or control) period from that excreted after the test dose
and expressing it in terms of cortisol., His value for males were 21,9 *
8.3 mg./2, hrs, Moxham and Nabarro (1956) used the same approach to
correlate an oral cortisol dose with excretion of either 17-KGS or Portere
S8ilber chromogens, and their values calculated from 17-KGS were 8.5 =~ 49,0
and 545 = 40,0 and from Porter-Silber chromogens 14.0 = 45,0 and 9,5 = 36,0
mge/24 hrs, for males and females respectively.

Samuels and co-workers (1957) were the first to measure the rate of
disappearance of infused cortisol, as estimated by the plasma cortiscl level,
and to apply 1t to ecaleulate the production rate, which was about 36,0
mge/ 2. hrs, All the methods described so far, however, are based ultimately
on estimation of cortisol in blood, and so, begide the difficulties in
performing some of them, they suffer from lack of precision due to incomplete
enzymatic hydrolysis, incomplete extraction, losses during the procedure
and other analytical difficulties. Measurement of production rate by
estimating the disappearance rate of infused cortisol is the nearest apprcach
to a sound technique, but the administration of cortisol in measureable amounts
most probably disturbs the normal distribution and metabolism of cortisol, and
thus renders the physiological significance of the test dubious,

It wvas only by the use of isotopically labelled cortisol that accurate
estimation of cortisol production rate was made possible, In the blood method
(Peterson and JWyngaarden, 1956) the prineciple of the technique is to
adminigter intravenously a trace amount of Clbwlabelled cortisol, in a quantity
g0 small that it will not affect the metabolism or plasma level of an&oganoua
cortisol,/
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cortisol., Plasma samples are withdrawn at half hourly intervals, Plasma
cortisol is extracted and purified by chromatography. Both the radioactivity
and quantity of the purified cortiscl extract are determined from which
the specific activity is calculated (radioactivity divided by quantity).

Because the radiocactive cortisol is continuously removed from the body, the
specific activity of the first sample is highest and that of the fourth
sample is lowest. The rate of turnover of cortisol at a unit time is
proportional to the amcunt of cortisol in the body, because turnover of
cortisol follows an exponential or logarithmic mamner, Therefore, if the
specific activities of the four purified cortisol extracts were plotted on
a semilogarithmic graph against the time of withdrawal of the corresponding
blood samples, they fall more or less on a straight line (see figure 4).
If this straight line is extrapolated back to zero time, it will provide the
zero time specific activity (Io, expressed as counts per minute/pg., or
epm/pg)e  To, therefore, represents the degree of dilution of the radicactivity
of the administered 014;cortiaol into the endogenously produced cortisol at
zero time had the mixing of the radiocactive and non-radiocactive cortisol been
ingtantaneous,

If Ii is the specific activity of the Glé-cortisol dose solutions, also
in epm/pge., then the ratio Ii represents the degree of dilution of the administered
amount of cortisol (a, in p;?) in the body cortisol at zero time (Ao, also

in Fgo)o

Thus A0 _ 4
a Io
or Ao = a[%%]

But the amount of cortisol present in the body at zero time, Ao, equals

the/
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the endogenously produced cortisol present in the body (A, in pg.) plus the
trace amount of injected labelled cortisol. Therefore, the endogenously
produced cortisol, also called the body miscible pool of cortisol, can be

calculated from the isotope dilution expression:

=
1

a[%] - a

or A aﬁ%%_'- 1] pge.

orA = a %%' - 1] x 1073 DEssrssnsissssnsanassinsanress (1)

To estimate the biological half clearance time, the value Ig is calculated and
a line drawn horizontally from that point on the ordinate o§ the graph to
meet the line of fit at a point, from which another line is drawn vertically
to meet the abscissa at a point representing the biological half clearance
time (t3).
To estimate the cortisol production rate two values are needed to be known:

a. ‘the miscible pool of cortisol in the body

be its rate of turnover
Caleulation of the miscible pool has already been discussed,
To estimate the rate of turnover we assume that

Fo is the amount of cortisol present in the body initially,

F the amount of the original cortisol present in the body at a given time,

§ F the amount of cortisol replaced by endogenously produced cortisol in a short
period ( §t minutes)
Therefores-

The rate of turnover = %?E

It has been mentioned that the rate of turnover at a unit time is
proportional/
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proportional to the amount of cortisol in the body because turnover follows

an exponential or logarithmic manner. Therefore:-

. ‘g: = kF wvhere k = turnover constant

The negative sign means that a given amount of cortisol secreted in
the body diminishes by tine.

Upon rearrangement of the last equation we get,

{F

- - kit Therefore,

f‘;? df = f"" kit + M Where M is the integration constant,

Carrying out the process of integration we get

logaF = =kt + M Where e is the base of natural logarithms,
But, whent = 0, F = Fe Therefore, the last equation could be

rearranged to gets

logeFo = M and logeF = =kt + 1ogeFo

. 1ogeF - loga?o = =kt
... lo x_ = - kt
Fe Fo

e L ~kt or F = Foe X’

Conversion of this equation for the first order reaction to ordinary
(Briggsian) logarithims is made by introducing the conversion factor
044343 so that last equation could be written:

log L. = - 0433 xt

Fo
When/
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When we want to estimate the half clearance time,

%3 = % and t = t4 so last equation could be written:
log & = = 0.4343 kt¥ or log 2 = 0.,4343 kt
or 043010 = 044343 kt# or 9.3010 _ ktd

0a4343 ~

Therefore, k = Q‘%g; pool/minute

This last equation expresses the rate at which the body miscible pool of
cortiscl is replaced by newly synthesised endogenous cortisol. It can be

written:

k=9'%33 x 60 x 24

= 22%;2 or approximately 1%%9 pool/2h MPasesasssasisssansanas (2)
The product of the miscible pool, A, and the rate of turnover, k, i.e.
(1) x (2), gives the production rate in mg./2, hours.

In propoging this method Peterson and Wyngaarden proved the wvalidity of
the various assumptions that had to be made before accepting this technique.
These assumptions werei-

1. That the injected cortisol is pure,

2, That the injected cortisol does not significantly alter the size of the
miscible pool and does not disturb the normal metabolism of endogenously
produced cortisol,

3+ That the size of the miscible pool remains constant during the period of
the study and that the rate of synthesis of cortisol equals the rate of
transformation,

4Le That the administered radiocactive cortisol is handled like the endogenous

steroid/
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steroid and that there is a random disappearance of both the endogenous and
labelled cortisol.
5¢ That the mixing of the injected steroid is homogeneous within the pool
and 1z rapid compared with its metabolism,

6. That the rate of metabolism of cortisol is proportional to its concentration,
7. That the radiocactive steroid does not re-enter the pool.
8+ That the isolated plasma cortisol is pure.

Nowadays, practieally the only assumption that has to be checked by
workers using this method is that the migcible pool remains constant during
the period of the test by comparing cortisol plasma levels of the first and
last samples withdrawn, This of course assumes that a reliable batch of
cortisol of great purity is used, and that a reliable method of purification
of the extracted plasma cortisol is used, The main advantage which this
technique offered, besides giving the correet informaticn about the actual
state of activity of the adrenal cortex, is its high degree of precision; the
volume of plasma samples, completeness of extraction and recovery of cortisol
did not matter because only the specific activity i.e. the proportion of
radiocactive to non-radiocactive cortisol is measured, and as this proportion
is constant throughout the test only the very last step of the technique
i.e. the estimation of the gpecific activity, needs to be strietly quantitative.
Cortisol production rate of normal subjects by this method was estimated to be
12,0=29,0 mg./24 hrs.

Cope and Black (1958 a) applied the same principle to estimate cortisol
production rate from urine studies. The radicactive cortisol dose could
either be given intravenously or orally an&itwanty—four hour urine sample
collected./
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collecteds The total radicactivity of urine was measured and metabolites of
cortisol in urine were hydrolysed and the specific activity of the major
metabolite THE estimated, If Cu is the total radiocactivity in c!n‘ine and S.A.?
the specific activity of the administered dose then the ratio E?E:- equals
the amount of radioactive cortisol present in the urine in the form ir all

metabolites, If S.A.u is the specific activity of the urine metabolites, then
S.A.

S.A.u
endogenously produced cortisol, and the production rate will be

equals the degree of dilution of the administered cortisol with the

C Sele C
S.A.F SeAe S.A.u

The specific activity of THE, the main metebolite of cortisol, is
representative of the specific activity of all cortisol metabolites and so
C

cortisol production rate = :%;—H: mg./2% hrs.

The validity of the same assumptions of the blood method are also applied
to the urine method, Other factors, however, may contribute to a low
excretion of the radiocactive cortisol in the urine method and thus affect the
measurement of the true production rate. These factors may be: incomplete
administration of the oral dose; incomplete absorption from the alimentary
tract, both of which could be avoided by giving the dose intravenously;
retention in the tissues or body fluids; 1impaired renal function or incomplete
eollection of urine, However, if the excretion in twenty-four hours is
found to be above 80%, it indicates that these interfering factors play a
minor role and that the calculated production rate represents more than 80%
of the true value,

lazarus (1962) noted another drawback to the urine method, He used

H-labelled/
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Ho-labelled cortisol and proved that an important factor influencing the
accuracy of this method was the rate of secreticn.on “he day before the
tests 707 of the metabolites measured are excreted on the day of the test
and 30% on the day be#a:;. Under basal conditions this factor will not
significantly affeet the r:ogsults, but in non-gteady states such as in
Cushing's syndrome, after ACTH stimulation, and in stress the calculations
may not be equal to the amount of cortisol secreted on the day of the test.
The figures given by this method by Cope and Black for normal subjects are
4e9=2543 mge/24 hrs,

In the blood method, the curve of decline of specific activities consist
of two parts; an initial rapid decline after injection of the dose lasting
about 30 minutes followed by a less sharp decline, Peterson (1959 a)
interpreted this curve as indicating a fairly rapid distribution of cortisol
into about 6 litres volume, and assumed that this volume was a single
compartment in which the hormone has a metabolic half clearance time of
about 80 minutes. Tait et al (1961), however, interpreted this curve as
representing a two compartment model indicating an extremely rapid
distribution into a space of about 6 litres (inner pool), followed by a
relatively slow movement into a total volume of about 13 litres (inner and
outer pools)e The smaller volume can be regarded as a single compartment
which has a metabolic half clearance time of about 30 minutes, and they
worked out an equation for calculating the production rate onm a double

equilibrium models:-

=

cortisol production rate =

-
+

o et

where/
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where R total radioactivity of the dose (cpm)

1]

B = intercept of second part of the curve on ordinate (epm/ug)
turnover rate as calculated from the second part of curve (pool/day)

™
i

= intercept of corrected first part of the curve on ordinate (epm/pg)
a = turnover rale as calculated from the corrected first part of
curve (pool/day)

If a plot is made of the total radiocactivity in a known volume of plasma
ag a function of time, a similar graph results from which the volume of
distribution can be worked out, Dividing the total radicactivity injected
by the figure of the intercept of the second part of the curve on the ordinate
provides the volume of the inner pools Dividing the same figure by the
figure of the intercept of the corrected first part of the curve on the
ordinate provides the volume of the outer pool,

Hugent et al (1961), using infusions of large amounts of non-radioactive
cortisol to normal subjects receiving suppressive doses of dexamethasone,
examined the levels of plasma corticolds during and after cessation of the
infusion. Their observed data, compared with the predictions of the single-
compartment-exponential disposal theory showed a poor correlation; corticosteroids
did not disappear from the plasma as though they were in a single compartment
and disposed of at a rate proportional to their concentration. They concluded
that methods for quantitative measurement of adrenocortical function that
utilise the agsumption of single - compartment distribution and exponential
disposal of plasma corticosteroids are based on a theory which does not
describe the data accurately.

Tait (1963) using radiocactive techniques showed, however, that unlike
estimations/
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estimations of aldosterone production rate, which necessitated using the
double compartment model (because of the initial distribution in a volume
of 20-30 litres), using a single compartment model for cortisol production
rate (in spite of the presence of two exponentials), the resulting errcr
is likely to be only about 10% when cortisol concentrations are low and
when the volumes of distribution are small, The difference between the
behaviour of cortisol and aldosterone may be due to a slower metabolism
caused by the marked protein~-binding of the former. Suggestions
favouring a single mathematical approximation are; firstly, the possibility
that there is a single rate-limiting step in the degradation of cortisol
(Tomking, 1959) and, secondly, the seemingly satisfactory agreement of
plasma corticosteroids disposal data with first order kinetics when the
logarithm of consentration is plotted as a function of time (Samuels et al,
1957; Peterson, 1959 b). However, an accurate mathematical deseription of
plasma cortisol distributiorn and disposal is complicated bys
1, The number of corticosteroids with the dihydroxyacetone group (DeMoor
et al, 1960 a); this can be avoided by complete separation of cortisol.
2+ The limitation of diffusion into tissues by plaamanprotéin binding of
cortisol,
3+ The differences in the apparent volume of distribution and rate of
disposal of cortisol when determined after tracer and load doses of cortisol.
4e The time necessary to ensure equilibration of cortisol within the body
fluids (Samuels et al, 1957; Peterson et al, 1960).

The radioactivity counting technique used by Peterson and Wyngaarden
(1956) utilised the gas-flow type of counter, while Cope and Black (1958 a)
used/
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used an end-window Geiger-Muller counter, In this study, cortisol
production rate was estimated by both the blood and the urine methods but
using a liquid seintillation counter. Glasstone (1958) pointed out that
organic scintillators, either in the solid state or in solution, produce
scintillations when exposed to nuclear radiation and that they are
transparent to the light they emit., = As a result, relatively large quantities
of scintillator can be used; this ensures a high probability of interaction
with the radiation and a high detection efficiency, especially when uged
with the sensitive photomultiplier tube. GClasstone enumerated the
advantages of the scintillation counters which made them superior to other
type of counterss These include their simplicity, great flexibility and
versatility, high sensitivity to all forms of nuclear radiation, rapid

regponse, very short resolving time, great efficlency and accuracy,



Making use of the discovery of the negative feed-back mechanism,
several workers demonstrated the effect of administering exogenous ACTH
as a means of assessing the maximum capacity of the adrenal cortex to
secrete corticosteroids, Likewise, in the presence of an efficient
negative feed-back mechanism, the endogenous pituitary ACTH sghould be
suppressed by administration of synthetic glucocorticoids and this, in
turn, should lead to suppression of endogenous corticosteroid gecretion
by the adremal cortex. These are the bases of the adrenocortical
stimulation and suppression tests widely used nowadays as complementary
to the study of the adrenocortical function.

1.

The response to ACTH affords a direct method for the assessment of
adrenocortical capacity. It seems that the first of these tests was
described by Thorn and co-workers in 1948 and was used in investigating
adrenocortical insufficiency, It was called 'the four~hour intra-
muscular ACTH test!, or "Thorn test"., A preliminary eosinophil count was
performed, then 25 I.,U, of ACTH were injected intramuscularly, and four hours
later a second eosinophil count was made. Normally, a moderate fall in
eosinophil count occurs spontaneously due to the diurnal rhythm, but a
fall of 50% or more excludes significant adrenocortical insufficiency.

This test, however, was not quantitative, and the absence of the fall did
not prove the diagnosis since some conditions, like acute allergy, may lead
to increased production of eosinophils in the bone marrow exceeding the

eosinopenic action of cortisol,

The second type of stimulation tests introduced was called 'the eight-hour

intravenous/
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intravenous ACTH test' (Renold et al, 1952) later called "the standard
intravenous ACTH test". In this test 25 I,U, of ACTH in 500 ml, saline
were infused within a period of exactly eight hours, Eosinophil counts and
levels of 17~KGS or P=3 chromogens in 24 hour collections of urine were made
before and on the day of the test. Again, in this test, eosinophil count
normally drop in eight hours by 94%; a drop of less than 50% is diagnostie
of adrenocortical insufficiency. Also, a rise of 300-500% of urinary
corticostercids in 24 hours occurs in normal subjects; a rise of less than
100% is diagnostic of adrenocortical ingufficiency. This test is sensitive,
specific, and estimates the 'actual funetional cortisol reserve! of the
adrenal cortices and, when repeated over a period of two or three days in
succession, measures the 'potential functional reserve', i,e. the maximal
cortical production under exceptional conditions.

The eight-hour test produces a threefold to fivefold increase of
corticosterocid output above the control levels, while a twenty-four hour
infusion yields as much as tenfold increase which is a true absolute maximum,
If the eight-hour test is repeated for several days, it could differentiate
primary adrenocortical insufficiency, where no rise or a slight fall of the
urinary corticosteroid ocutput occurs after the first day, from hypopituitarism
where gradual and sustained increase occurs after the first day. The
intravenocus ACTH test was modified and estimations of plasma corticosteroids
were made before and after the test to avoid the need of accurate urine
collection and to save time, Thus, 10 I,U, over a periocd of two hours,

25 I,U, over a period of 4 hours, 25 I.U. over a period of 6 hours (Eik-Fes
et al, 1954 a) were proposed, Elevation of plasma corticosteroids excludes
adrenocortical insufficiency and a hyper-response suggests Cushing's syndrome
(Jailer/
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(Jailer et al, 19543 DiRaimondo et al, 1958). Marked responsiveness

suggests bilateral adrenocortical hyperplasia, a lesser degree of

respongiveness suggests adrenal adenoma while cases of adrenal carcinoma

are less responsive or even unresponsive (Lindsay et al, 1956; Nabarro

et al, 19583 Birke et al, 1960).

Intravenous ACTH administration, however, is sometimes risky.

Sudden elevation of blood pressure may occur and is sometimes fatals To

render this test simpler and safer, ACTH-gel was used (DeFilippis and

Young, 1957) but it was, however, applied differently by various authorss

1.

24

3.

be

e

Bayliss and Steinbeck (1954) administered 80 I,U, once and estimated
plasma 17-hydroxycorticosteroids after 4, 8 and 24 hours.

Dyrenfurth et al (1960) administered 20 I,U, every 6 hours for ;g hours
and they estimated urinary and plasma steroids during and after the
stimulation,

Jenking (1961) administered 40 I,U, and estimated plasma corticoids
after two hours; 'two-hour test'.,

Futterweit et al (1962) administered 40 I,U, and estimated plasma
corticoids after 4 and 6 hours,

Brooks et al (1963) administered 20 I,U, twice daily for 4 days.

The standard intravenous test, however, is still widely used (Birka et al,

1960; Hoet et al, 19613 Silverman et al, 1963; Schteingart et al, 1963).

In this thesis stimulation tests were studied using ACTH-gel,

24

Suppression of urinary 17-KS output by cortisone has been known for a

long time, It was Laidlow et al (1955) who applied 9 a=fluorocortisol (9a=FF)
(3 mg./12 hours/
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(3 mgs/12 hours for 4 days and 25 mg./day for 3 days) to patients with
Cushing's syndrome, and failed to demonstrate a significant decrease in
either 17-KS or 17-KGS, Cope and Harrison (1955) and Cope (1956) on
the other hand showed that 9u~FF in divided doses totalling 5-10 mg.
per day partially suppresses urinary corticosteroid excretion of cases
of Cushing's syndrome due to adrenal hyperplasia, but did not suppress
patients with carcinoma. Gennes et al (1956) using 9u~FF in doses of
2~/ mg./day found that urinary steroid excretion was abnormally resistive
to suppression in cases of Cushing's syndrome due to adrenal hyperplasia
but definite suppression occurred when the dose was increased to 6 mg,/day.
Jenkins and Spence (1957) also noticed this partial suppression of urinary
corticosteroids in Cushing's syndrome using 9u-FF in doses of 1 or 2.5
mg./6 hours for 2-3 days. Nabarro and his associates (1958), on the other
hand, noticed that this partial suppression was demonstrated only in 4
out of 9 cases of adrenocortical hyperplasia, but failed to demonstrate
suppression in two patients with adrenal tumour. They used 9u~FF in
doses of 10-20 mg./day.

Liddle (1960) suggested that, when performed under carefully controlled
condltions, the ACTH-guppression tests can be reliable diagnostic procedures.
He proposed his tests which have been extensively used in the study of the
pituitary-adrenocortical inter-relationship, 9a~FF and, better still, its
extremely potent C-l6-methyl derivative dexamethasone were the two synthetic
glucocorticoids used. Administration of 0.5 mg. every 6 hours for two days
followed by 2.0 mg. every six hours for another two days were said not

only/
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only to differentiate normal subjects (who will suppress markedly by the smaller
dose) from cases of Cushing's syndrome, but also to differentiate cases of
adrenocortical hyperplasia, in whom relatively more suppression occurs
especially with the large dose, from cases of adrenocortical adenoma or
carcinoma, who are more resistent to suppression even to the large dose
(especilally cases of carcinoma which on the whole do not suppress at all).
Suppression tests as described by Liddle were widely used, mostly with
encouraging results (ILiddle and Jilliams 1962; Slater et al, 1962;
Futterweit et al, 1962; Gogate and Prunty, 1963; Schteingart et al, 1963)
but sometimes with disappointing results (Dyrenfurth et al, 1960; Meador et
al, 1962; Silverman et al, 1963; Baird, 1963). In this thesis suppression

tests using dexamethasone were also studied.

It is known that hydroxylase enzymes are necessary for the biosynthesis
of cortisol by the adrenal cortex. Blocking of the action of these enzymes
can occur in certain disease conditions, such as in congenital adrenal
hyperplasia, with the result that cortisol secretion is diminished and its
precursors and their metabolites like THS and pregnanetriol are excreted in
urine in large quantities.

Recently, synthetic compounds have been introduced whose action is to
block certain hydroxylase enzymes specifically., This leads to reduction
of cortisol synthesis and accordingly, through the negative feed-back mechanism,
in an increase in ACTH production and secretion, which in turn will enhance
the biosynthetic pathways reflected as increased excretion of precursors of
cortisol and their metabolites in urine, SU-4885 (Metopirone), an 11p=-
hydroxylase/
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hydroxylase inhibitor, is the most important of these compounds and its
use is a measure of the so called "Pitultary-ACTH reserve" or the
"Pituitary~-Adrenal reserve". Liddle et al (1958; 1959) applied this
test to study the intermediate metabolism of corticosteroids and as a
diagnostic tool in adrenocortical dysfunctions., The use of this test,
however, appears to be more limited :; the diagnosis of cases of congenital
adrenocortical hyperplasia (Cleveland et al, 1962; Liddle and Island,
1962; Grant, 1962).



These are indirect tests which are carried out whenever adrenocortical

dysfunetion is suspected, They are suggestive or confirmatory rather than

diagnostic,

Serums elmted

sodium levels and lowered potassium and chloride and sometimes hypokalaemic

alkalosis occur with excess adrenocortical activity, These changes are

reflected, and ean also be detected in the saliva,

elevated

fasting level and diabetic curve with glycosuria are common with excess cortisol

seeretion,

are also raised with excess cortisol secretion,

Blood picture, Relatively low counts of lymphocytes, eosinophils and
bagophils with relative and absolute neutrophilia, leucocytosis, polycythaemia,

inereased packed cell volume and platelet count are frequent with cortisol
excess,

X=ray of boneg may reveal ostoporosis, compression fractures of vertbrae,
fractured ribs or dorsal curvature of spine often observed with hypercortisol
states.

Z=ray of the gkull may reveal enlarged sella tureica denoting a pituitary
tumour as a cause of the hyperfunction of the adrenal cortex. |
MM& may reveal cardiac enlargement as a result of raised
blood pressure often observed in cases of hypercortisol secretion,

often reveal low voltage and prolonged P-R and

@-T intervals with cortisol degficiency states.

Urine/
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Urine examination may reveal polyuria and increased calcium excretion in
hypersecretion states of the adrenal cortex.
ACTH gssays in plasma or urine can be elevated in adrenocortical

insufficiency and in hyperfunction due to ACTH«dependent hyporadrenocorticism,
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Cushinglg gyndrome

Definition and aetiology

In pathological conditions of the adrenal cortex, namely hyperplasia,
adenoma or carcinoma, a variety of syndromes may appear depending upon the
excess production of one or the other of glucocorticoids, mineralocorticoids,
androgens or estrogens., Cushing's syndrome is the syndrome of preponderant
glucocorticoid excess, properly called "the syndrome of excess cortisol".

Pure formg of the disease are not common and usually there are varying
degrees of excess secretion of one or more of the other hormones as well,
This syndrome wae first described by Harvey Cushing (1932) who suggested
that basophilic pituitary adenoma was the cause behind the bilateral
adrenocortical hyperplasia leading to the clinical manifestations of the
syndrome, As much as 15% of normal subjects, however, show small basophilic
adenocmata of the pituitary at autopsy without previous history suggesting
adrenocortical hyperfunction, The aetiology of the syndrome is still obscure.
The most accepted theory is that it is due to excess corticotropin production
by the anterior pituitary, but in the absence of the anterior hypophysis, the
secretion of cortisol is greatly reduced but interestingly encugh not to
zero, The possibilities that exist as to the mechanism by which Cushing's
syndrome may be brought about include (1) stimulation from the hypothalamus
via the pituitary to the adrenal cortex with adrenal hyperplasia; (2)
hypothalamic stimulation plus pituitary tumour; (3) sutonomous pituitery
tumour; (4) adrenal hyper-reactivity due to inherent adrensl abnormality as
well as the known and (5) autonomous adrenal cortical tumours, Recently
McCullagh (1962) and Forsham (1962) extensively reviewed this clinical
condition,

Ingidence and pathogenesis/



Jdncidence and pathogenegis

Cushing's syndrome is a rare condition occurring nearly once in every
thousand persons and 4-5 times commoner in females, It occurs in any age
but mostly in the third and fourth decades. 60% of the cases show
bilateral adrenocortical hyperplasia, 30% show adrenoccortical tumours,
adenoma or carcinoma, and 10% have normal adrenal glands. In bilateral
adrenocortical hyperplasia the microscopic picture is not unlike that
obgerved after stimulation with ACTH, with widening of the cortex, Pituitary
tumours are rare and enlargement of the sella turcica is even rarer.

A fascinating feature of Cushing's syndrome is its occasional appearance
in primary malignant disease in various organs. This includes; bronchogenic
carcinoma, ovarian neoplasms, thymic, pancreatic, prostatic and thyroid
carcinomata (McCullagh, 1962), It has also been recently reported in
association with phaeochromocytome (Williams et al, 1960),

l. Obesity is present in 97% of cases, There is not necessarily any

marked gain in weight; obesity is mainly due to redistribution of fat, with

a particular tendency for a great proportion of fat to be deposited along

the trunk, and especially on the anterior abdominal wall, around the shoulder
girdle, in the supraclavicular reglon, in the upper dorsal region (buffalo
hump) in the neck and in the cheeks (moon face and fish mouth appearance)

but characteristically sparing the extremities, which appear unduly thin,

The moon face, trunk obesity with thin extremities give the "spider appearance"
characterigtic of Cushing's syndrome, The mechanism by which these changes

are/
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are produced is not yet known,
2 In 75% of cases thinning of the skin due to wasting of skin muscles and
the disappearance of elastic fibres oeccurs leading to subcutaneous dehiscence
and purple striae over the abdomen, thighs and upper arms forming deep
gullies in the skin which can be felt by the fingers., Red striae, however,
are not restricted to Cushing's syndrome; they may be present also in
pregnancy and in rapidly growing and developing girls, in whom they may
radiate from the areola like spokes on a wheel, There is no excess
corticosteroid in these cases to account for them; it is merely excessive
stretching of skin with consequent dehiscence of the subcutaneous tigsue.
Gogate and Prunty (1963), however, reported that the striae in subjects with
Cushing's syndrome are characteristically broad, of purplish colour, have
an atrophic dermatitic and occur mostly on the flanks and lower abdominal
walls, This is in contrast to striae sometimes found in obese subjects
which are neither purple nor associated with thinning of the skin; their
colour is of a typical light pink nature, These workers found that striae
in obese subjects occur on the flanks, abdomen and about the axillae, upper
arms and breast and occasionally on the buttocks. They also observed that,
in a given area, striae in obese subjects are more numerous than in Cushing's
syndrome., The skin in Cushing's syndrome is of fine texture, almost paper
like. The face is plethoric because of transparency of subcutaneous tiscue
and polycythaemia, There is easy bruisability with scchymoses (in the
presence of normal or elevated platelet count) and poorly healing wounds,
frequently infected.
3. General and progressive muscle wasting associated with extreme weakness

and/
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and negative nitrogen balance, This may be mainly due to potassium
depletion and to the anti~anabolic effect of cortisol.
Le Thinning of the bones (demineralisation) and marked osteoporosis, due to
the anti-anabolic effect of cortisol, resulting in compression fractures of
the vertebrae, kyphosis, fractures of ribs and commonly associated with
backache occur in Cushing's syndrome, Increased exeretion of calcium in
urine may occur and nephrosclerosis or urinary calcinosis are not uncommon,
5. DlMarked and irreversible progressive atherosclerosis in the large blood
vessels with systoliec and, occasionally later with diastolic hypertension
occur in about 90% of cases.
6., Hyperglycaemia, glycosuria and diabetic glucose tolerance curve, Latent
diabetes occurs in 80% of subjects and overt diabetes in 20%,
7. Sodium retention, low serum potassium and chloride, Hypokalaemic
hypo-chloraemic alkalosis is seen in about 15% of cases.
8. Depression, psychosis and mania are frequent,

b.

of gortigol or both
These include acnej; bushy eyebrows; wiry, thin and lateral receding scalp

hair; hirsutism; marked increase in musculature in females with changes to
the male figure; metrorrhagia or amenorrhoea in femalesy; impotence in males;
deepening of voice and clitoral enlargement in females, Only the latter
symptom can be attributed to androgens since all the others occur also with
excessive administration of cortisol,

ce Signs and symptoms due to excessive secretion of mineralocorticoids

and/or cortisol secretion

These/
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These include hypertension; hypokalaemia; hypernatraemia; polyuria
not responding to antidiuretic hormone (nephrogenic diabetes incipidus) which
may be due to potassium depletion nephropathy; oedema due to diminished
glomerular filtration rate and increased plasma volume,

stations due excegss estrogens are rarely encountered,

The onset of the syndrome is ingidious and the course is progressive
with transitory remissions and exacerbations often associated with increased
psychic stress, Patients become bed-ridden due to muscle weakness, multiple
fractures or intercurrent infection, If untreated, patients die within five
years of general debility, vascular accidents, infection or diabetic coma.
The more the clinical manifestations of the syndrome are present together,
the more it should be suspected, Sudden onset may denote adenoma or
carcinoma, Even when all the signs and symptoms associated with Cushing's
syndrome are present, diagnosis, however, still needs to be confirmed and the
extent and nature of the adrenal hyperactivity evaluated by laboratory tests.
From the discussions in Chapter II measurement of urinary 17-KS excretion
is of little help in the diagnosis of this condition, On the other hand,
elevated plasma corticosteroid or cortisol level with logs of the normal
diurnal variation, elevated urinary Porter-Silber chromogens and 17-KGS
especially in the mixed type of the syndrome, are diagnostic. However, sometimes
the results of these tests overlap with results in normals and in obese subjects
and the blood estimations are liable to variation with emotional upset.
Moreover, day-to-day fluctuation of cortispl secretion is characteristic of
this syndrome which further adds to the liability of obtaining normal results

with/
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with these tests. About 90% of cases, however, could be diagnosed be
these tests, especially if repeated.

More sensitive tests are:estimations of free cortisol in urine,
cortisol production rate by radicactive dilution techniques, plasma non-
protein~bound cortisol, tests of adrenocortical capacity by stimulation
with exogenoug ACTH, and tests of pituitary-adrenocortical suppressability
by dexamethasone, These tests are less simple and need special training;
moreover they are time consuming and are only suitable for research work,
Reliable routine tests are unfortunately etill unavailable, The last
mentioned two tests may also be valuable in differentiating bilateral
hyperplasia from tumours, The laboratory diagnosis could be supported
by the X-ray findings of osteoporosis (thin skull, cod fish vertebrae due
to compression of bodies of vertebrae by the mucleus pulposus), elevated
ACTH assays in blood or urine, the haematologie findings of lymphopenia
(less than 15%) eosinopenia with relative and absolute neutrophil leucucytosis,
total white cell count of 10,000 - 20,000 in the absence of demonstrable
infeetion, polycythaemia and packed cell volume of 50% of more, increased
platelet count, as well as by elevated fasting blood sugar level, glycosuria,
diabetic glucose tolerance curve and by the finding of hypokalaemig
hypochloraemig alkalosis, Diagnosis of tumours can be confirmed by plain
X-ray, tomography, intravenous pyelography, aortography, arteriography,
retroperitoneal pneumography and X-ray of the sella turcica,

Because cortisol is supposed to be the responsible direct agent causing
this/
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this clinical condition, the rational step is to reduce or eliminate this
factor by one of the following methodsj
1, Unilateral adrenalectomy, With this line of treatment there is a 30%
chance of a complete retwrn of the pre-operative steroidogenic capacity.
2. Subtotal adrenalectomy. With this approach, there is a possibility
of leaving too much adrenal tissue and accordingly of recurrence of the
syndrome or of leaving too little with the inevitable development of Addison's
disease unless replacement treatment is given.
3¢ DBilateral adrenalectomy., Again, with this line of treatment there
is subsequent need for continued substitution therapy.
Le  Electrocoagulation of the pituitary, separation of the pituitary stalk,
partial or total hypophysectomy when Cushing's syndrome is due to pituitary
adenoma, With these approaches sterility develops and the substitution therapy
is more complex, viz. cortisol, desiccated thyroid and stilbosterol in females
or testosterone in males,
5. X=-ray therapy to the pituitary (5000 r), the use of proton beam or the
implantation of radon, gold or yttrium-90 seeds. Again, with these lines of
treatment there is a 30% chance of remission,
6. Combined unilateral adrenalectomy and pituitary irradiation, A 70% chance of
remission exists with this approach. |
7« Adrenocortical inhibitory. lherapy is still in its experimental stage
and seems to be only applied in carcinomatous conditiong or in cases where
remissions might be anticipated as in patients with psychosis or hysterical
anxiety states., This is achieved by administering either; amphenone; the
insecticide/



- 12 -

ingecticide DDD or its less toxic and more active derivative o,p'-DDD
or the inhibitor of cholesterol biosynthesis triparanol (MER - 29)., In
all of these drugs toxic effects can be pronounced and tolerance eventually
develops and it seems that their use is only limited to hnplezﬁ cases.

Bilateral adrenalectomy secems to be the therapy of choice in the rapid
progression of Cushing's syndrome, especially when the syndrome is accompanied
by psychosis, multiple bone fractures or severe uncontrollable diabetes,

b,  Iumourg

Treatment is by extirpation of the tumour or most often by the removal
of the entire gland, Due to the fact that the contralateral gland will be
atrophic, substitution therapy is most important. This must be gradually
reduced to encourage the contralateral adrenal cortex to regain its
function, A very few cases, however, require the substitution therapy
permanently because of irreversible atrophy of the contralateral gland and/or

the corticotropin-producing elements of the anterior pituitary gland,
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Lbesity

Definition and aetiology
Obegity is the increase in weight of 15% or more above the 'desired

weight?!, caleulated according to the height and body build. Normally

about 12% of the body weight in males and 19% in females occurs as fat depots.
Thus, a man is obese when the total fat content of his body exceeds 25-30%

of the total body weight, and a woman is obese when hers exceeds 30-35%.

The subject of obesity was excellently reviewed recently by Jilliamg and
Glomset (1962).

Numerous factors contribute to development of obegity, in the same or
different subjects, some of these initiate obesity and some of them are
induced by obesity which they then intensify thus setting in motion a
vieious circle, But once obesity has become marked, they all become
operative, contributing to the number of disturbances. The work of
Mayer (1959 a, 1959 b, 1960 a, 1960 b) has contributed much to the understanding
of these various factors. These includes
1, DNeurologic factors (see figure 5). DNormally the ventromedial area of
the hypothalamus, called 'the regulatory centre', acts as a glucostat. ‘hen
hyperglycaemia occurs or there is an increase in arterial-venocus glucose
difference, impulses travel to the lateral hypothalamic area, called 'the
feeding centre'! inhibiting it. On the other hand when glucose utilization
increases, hypoglycaemia leads to the removal of this inhibitory effect on the
feeding centre. Impulses created by this mechanism as well as those coming
from the cerebral cortex as a result of visual, olfactory, or other stimuli
are transmitted through Schultz bundle, to the vagal nuclei, to the stomach
stimulating/
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stimulating contractions, Afferent impulges travel through the splanchnic
nerves, medulla, midbrain, thalamus to the cerebral cortex. A sensation
of hunger is produced in the subcortical area and a conscious desire for
food is created in the cerebral cortex, Dysfunction of the regulatory
centre, therefore, leads to removal of the inhibitory impulses and marked
ingestion of food and obesity. Convinecing evidence to the validity of this
theory is available in cases of craniopharyngioma, meningitis and trauma
to the hypothalamus in connection with surgical operations., But although
many patients are obese, there are very few in whom the obesity is clearly
the result of hypothalamic damage,
2+« Psychologieal factors, 'Reactive obesity' is a well known condition
where 'compulsive eaters', usually suffering from grief or severe depression,
sometimes overeat in response to a compensation for tension and frustration,
The more or legs automatic food-regulatory mechanisms, which seem to work
nicely at essentially a subconscious level in normal individuals, become
blunted and are succeeded by the conscious effort to control food intake.
Since the guide lines do not seem to be clearly demarcated, the subject
ends up by ingesting far more food than he or she needs. It is also known
that frontal lobe lesions can increase the appetite by influencing the
hypothalamic food-intake centre, as well as the amount of exercise and the
emotional reactions. But frontal lobe lesions are very rare in obese patients,
and emotional disturbance and obesity may co-exist without necessarily being
related to each other. Sometimes marked obesity can occur without significant
psychologic disturbance, and sometimes marked psychologic problems similar

to/
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to those found in the obese occur without obesity or even with weight loss.
However, there are definite psychologic consequences of obesity; an already
lazy, lethargic and weak-willed obese person may feel discriminated against
in social life and may develop hostile attitudes, due to repeated reproaches
by physicians, parents or well wishers., Obesity may be intensified leading
to more withdrawal and avoiding physical or social activities, further
intengifying the obesgity and so on,.

3« Endoerine and metabolic factors., Obesity is frequently associated
with hypopituitarism, hyperpituitarism, hypothyroidism, hypogonadism and
some pancreatic disorders (Spence, 1961)., Grafting of ACTH-gecreting
pituitary tumours in animals leads to obesity., Also injection of
glucocorticoids, and in Cushing's syndrome definite increase and
redistribution in the fat depots are observed associated in some cases with
inereased plasma level or urinary excretion of corticosteroids, Castration
in males after puberty leads to obesity and eunuchoid males are usually
obese, Administration of testosterone tends to reduce and estrogens to
increase obegity in males, The following conditions associated with
endocrine and/or metabolic disturbances occur with increased frequency in
obesity: diabetes, increased resistance to insulin, hypertension, nephro-
sclerosis, atherosclerosis, biliary caleinosis, hirsutism, amenorrhea and
sterility,.

4e Genetic factors, It is usually difficult to differentiate between
genetic and environmental factors because of the eating habits of the family,
the social and economic status, the emotional status, etec., all influence the

familidlf
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familial incidence of obesity. It is interesting to know, however, that
Mayer (1959 a, 1960 a) found that less than 10% of children were overweight
when both parents were normal, 40-50% were overweight when one parent was
obese and 80% overweight when both parents were obese, and that studies of
identical and fraternal twins have revealed that family food habits are not
the only or even main factor concerned in the development of obesity, When
there is a distinet excess of food, there is an instinet to accumulate
greater body stores than are needed, presumably a carry-over from earlier
days when cycles of plenty and famine prompted the body to store extra
energy while it was available. Perhaps this genetic factor can explain
the two types of obesity, the easier to treat 'juvenile or constitutional!
type of early development and the fluctuating and more difficult to treat
'adult or developmental! type starting later in life, Furthermore, the
obese hyperglycaemic syndrome is suggested to be a genetic disorder of a
Mendelian recessive type.
54 Extrin#sic factors. In view of the high incidence of mild obesity,
these are the most important factors leading to obesity. Social, economic
and family factors, customs and habits of eating, type of processing of
food, quality and quantity of food provided, type of occupation and readily
available transportation, are all of great importance,

Obesity is a very frequent condition, and if the actual weight is compared
to the ideal weight, as much as A0% of the total population of most developed

countries can be considered obese,

When/
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When lipid stores exceed their limits, new fat cells are formed to
accommodate new fat deposition. Presumably macrophages and other elements
of the reticuloendothelial system take over this role., OUbesity is
associated with enlargement of the gastrointestinal tract, liver, kidney
and other organs, increased rate of intestinal absorption and decreased
spontaneoug physical activity., A suggested sequence of changes (Williams
and Glomset, 1962) accounting for most, or all of the clinical manifestations
of obesity is: ingestion of great quantities of food leads to stimulation
of the p-cells of the pancreas producing more insulin, IExeesgs insulin
promotes lipogenesis. Insulin also increases the ocutput of glucocorticoids,
which in turn play an important role in gtimulating increased production of
insulin antagonists, At least some of these antagonists have been shown
to antagonise the action of insulin in muscle but not in adipose tissue.
The body is thus left in a state where there must be too much insulin action
on adipose tissue for insulin action on other tissues to be sufficient., This
possibly, then could account for a number of the so-called complications of
obegity which simulate thoge of diabetes mellitus, With marked reduction
in food intake these biochemical and clinical alterations are reversed in
due course of tinme,
Clinical manifegtationg

In the majority of cases obesity constitutes only a relatively mild
deviation from normal without significant signs and symptoms. But as the
process becomes severe and of long duration we may find; (1) psychological
disturbances; anxiety, depression, feeling of inferiority, etc., (2) heart
affectiony/
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affectiony dyspnea, orthopnea, cyanosis or frank heart failure and oedema,
(3) decreased vital capacity; decrease in the gaseous exchange in the lungs
with drowziness and other features of the 'pickwickian syndrome', (4) skin
thickness, coloured striae, fungus and yeast infection, intertrigo, (5)
hirsutism, (6) gastrointestinal disorders such as dyspepsia, liver cirrhosis,
cholecystitis, cholelithiasis, (7) varicose veins of the legs, (8) hypertrophic
arthritis, (9) menstrual abnormalities; amenorrhoea, oligomenorrhea and
sterility, (10) hyperglycaemia, glycosuria and decreased glucose tolerance,
(11) atherosclerosis, coronary oecclusion, hypertension, (12) nephrosclerosis
and (13) increased incidence of malignancies (Williams and Glomset, 1962).
There is a distinet increase in morbidity and mortality with increasing degrees
of obegity, Obesity is not quite as harmful in women,
Course and diagnoglg

With significant weight reduction, associated conditions likewise improve,
This applies only to mild obesity. Obesity is much easier to deal with in
its early phases when there are fewer psychological, metabolic and endoerine
alterations, With severe obesity, the sensitivity of the satiation centre
seems to be greatly blurted, so that the normal food - regulating mechanisms
do not prevail, Obesity, however, tends to produce hyperinsulinism and
hyperadrenocorticism which coan in turn‘ﬁiziig} further the obesity. Thus
moderate and severe obesity a;; usually progressive, irreversible and very
difficult to treat,

Asgessment of the degree of obesity can be made by one of several methods;
inspection (correlating muscular development with height and skeletal build);
welght as correlated to height, best and easiiy found out from tables conskructed

to/
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to indicate the 'desirable! weights for men and women according to their
heights and frames (see appendix III); measurement of the thickness of
subcutaneous tissue either by the pinch technique, by calipers or by
roentgenograms of the soft tissue; densimetric determinations by weight in
air and under water; or by estimating the total body fat which is the
difference between the lean body mass (estimated by heavy water dilution
technique) and the total body weight,
Zreatment

As it is easier to maintain normal weight than to reduce excess weight,
preventive measures are most important in the form of educational programmes
for the general public and for those who supply and deal with food. Individual
psychological problems cf obese patients should be evaluated and treated
and patients warned that during weight loss, some psychological problems may
be intensified and fresh ones acquired,

Attention should be given to the caloric equivalents of different food
elements of diet, Carbohydrates and proteins tend to promote retention of
approximately 3 parts of water per each part of these food materials that is
storeds Falt is deposited without a store of any significant amount of water,
Thus, with the loss of a pound of protein there is a loss of four pounds of
body water., When the protein intake ié increased, the lost weight is rapidly
regaineds Thus, although the weight loss may appear greater with a low=protein
diet, true weight loss is best accomplished with a diet high in proteins and
low in fat and carbohydrates (of 200 « 1200 calories) and rich in vitamins and
minerals, i.e. vegetables and fruits of low -carbohydrate value (see appendix
vI).

Anorexigenie/
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Anorexigenic drugs; amphetamines, may be of help especially in the

early phases of weight reduction, propping up the patient's will power
until progress begins after which the patient carries on under his own will,
These drugs, however, are not free from side-reactions and eventually
become of limited value because tolerance develops. Various pituitary and
thyroid hormone products as well as nauseating and diuretic drugs are
useless,

Exercise and massage are adjunct to weight reduction.



The previous review of Cushing's syndrome and obesity, shows very clearly
that many clinical manifestations and laboratory findings can occur in either
of the two conditions, such as; hypertension, psychological changes,
hyperglycaemia, impaired glucose tolerance, hirsutism, cutaneous striae,
infective conditions, oedema, raised plasma level and urinary excretion of
corticogteroids, ete, But it is also clear that prognosis and the
therapeutic approach are so different; in Cushing's syndrome the patient
if not treated dies within five years (Forsham, 1962) and the treatment of
choice is adrenalectomy while obesity is a less grave condition which is
treated mainly by dietary regimen., This, together with the fact that a
previous study in this department (deWitt, 1961) failed to separate clearly
normal subjects from patients suffering from Cushing's syndrome on the
basis of urinary excretion of 17-KS, 17-KGS or even cortisol prcduction rate
by either the urinary or blood method, provided the initiative for this
study, The gim of thig study was to try, by careful grouping of the subjects
and by selective application of certain tests of adrenocortical function, to
separate clearly patients suffering from Cushing's syndrome from simple obese
and from normal subjects,

Accordingly, the gubjects of this gtudy were divided into four groupss
l. DNormal subjects; who were either normal healthy volunteers, who showed
no symptoms or signs of disease; or 'hospital normals' who were either patients
suffering from minor clinical conditions such as bronchitis, dermatitis,

dyspepsia, etc., patients waiting to be operated upon for minor surgery, €.g.
piles/
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of ACTH to allow pituitary-adrenocortical axis to get back to its normal
state, In addition, from the technical point of view, not more than two
caseg could be studied at the same time, This, together with the fact that
it was very difficult to find volunteers to provide for the control group and
that cases of Cushing's syndrome were very rare, accounted for the relatively
gmall number of cases studied especially among the normal and Cushing's groups.

Each case in this study was investigated first clinically by recording
the presenting symptoms and their duration, family history of diabetes, obesity
or endoerine disease, assessment of the degree and distribution of obesity if
present followed by a thorough clinical examination, Then a series of
chemical tests were carried out; to assess the adrenocortical function
under basal conditions and in response to stimulation with exogenous
ACTH and to endogenoug-corticotropin suppreseicn by dexamethapone administration.
Other chemical tests were performed to exclude renal insufficiency; to exclude
liver insufficiencys; to detect diabetes; to deteet any electrolyte disturbance
or alkalosis and to find out the relationship between adrenocortical function
and both the total body muscle mass and the total body fat., Other laboratory
investigations were performed; these included X-ray of the chest to detect
any cardiac enlargements X-ray of the skeleton to detect osteoporoasis;
haematologic investigationy electrocardiography; medieal photography; and
histological examination of the removed glands in cases of Cushing's syndrome
treated by adrenalectomy,

A gpecial proforma was designed for this research, All the information
available from the clinical and laboratory investigations of each case could
be/
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be recorded in a copy of this proforma, thus facilitating study and
interpretation of the data in each case.

It was planned that treatment of cases of Cushing's syndrome should
be either by bilateral adrenalectomy followed by substitution therapy or by
bilateral adrenalectomy with transplantation of a part of one adrenal
into the rectus sheath of the anterior abdominal wall, Obese subjects and
"Cushingoid' subjeets in whom the suspicion of Cushing's syndrome was not
so strong as to warrant surgery were treated by a low caloric dietary
regimen, It was also planned to repeat the tests of adrenocortical
funetion in obese subjects and 'Cushingoid! subjects treated by dieting if
they rcsvonded sufficiently to the dietary regimen, (see appendix IV) by
a significant reduction in weight, to see if there was any correlation between
the intensity of obesity and the state of adrenccortical function, It was
planned also to repeat these tests in cases of Cushing's syndrome treated
by transplantation to assess the success of such operation, and in 'Cushingoid!
patients in whom mild clinical manifestations became florid to see if there was
a correlation between the intensity of the clinical condition and the state of
adrenocortical function,



Part II



1. timation of cortiso 0 n rat

Cortisol production rates were estimated by both blood and urine
methods on three occasions in each patient (1) a first basal estimation,
(2) a second estimation a week later following ACTH stimulation, and
(3) a third estimation, two weeks after the second one, following
dexamethasone suppression,

In each estimation 1 pe. 4p014-cortisol was given intravenously
at 9:30 a,m, Later on, however, with the aim of investigating the
problem of plasma protein binding to cortisol it proved more convenient
to increase the dose to 2 pec,

i,

The method was baged largely on that described by Peterson and
Wyngaarden (1956).
Principle (see introduction, Chapter II)
Leagentg
l. Cortisol standard
(a) Stock standards 0,25 mge cortisol (B,D.H,)/ml. absolute ethanol,
(b) Dilute stock standard:s 2 pg. cortisol/ml, absolute ethanol.
(e) Working standard: 0,2 pg. cortisol/ml. absolute ethanol,
2, Cortisol marker (for chromatography): 2 mg. cortisol/ml, absolute ethanol.
All cortisol standards and marker, were kept at 4%c,
3. Dichloro-methane (Methylene chloride) (B,D.H,) Analar grade.
Le Benzene (B,D.H,) Analar grade,
5, Sodium hydroxide (B.,D.H.,) 0,1 N approximately.,

60/
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6. Acetic Acid (M & B) 0,1 N approximately.

7. Sulphuric acid (Hopkins & Williams) Analar grade. 80% (v/v) in distilled
water,

8. Purified ethanol: 4O pellets of potassium hydroxide (B,D.H.) were
added to about 500 ml, absolute ethanol, refluxed for two hours, and on
gentle distillation the first and last portions were discarded and the
middle one was collected,

9. Radloactive compounds: Two types of radioactive cortisol were used
in thie study:-

(a) 4-C4—cortisol of specific activity 25 millicuries per millimole

was obtained from New England Muclear Corp. Boston, Massachusetts, U.S.A.

This substance was contained in vials each containing either 10 or 50 pe, in

1 ml, 10% methanol/benzene,

The contents of the vial were carefully transferred by a clean sterile

2 ml, syringe to a Quickfit (C24, 50 ml,) test tube, The vial was rinsed

several times with 1 ml, absolute ethanol and the rinsings added to the test

tube containing the radicactive material, This solution of radioactive
cortigol in ethanol was then evaporated to dryness under reduced pressure

‘using a water pump and a water bath at 40°C,

The molecular weight of cortisol is 362, Its gpecific activity was

25 millicuries/millimole (= 25,000 pe./m.mol.) so that the specific activity

was 2&;299 = 69.1 pe./mg. The cortisol content of the vial was 725 pge,

but sincozit was convenient to use cortisol whose specifie activity was
about 20 pe./mg. 1.81 mg, non-radioactive cortisol was added,

To the dry residue, 7.25 ml, of cortisol standard (0.25 mg./ml.) were
added,/
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added, together with 5,25 ml, absolute aleohol, The tube was stoppered and
left overnight in the deep freeze., Next day 37.5 ml. sterile distilled
water were added. The total volume was 50 ml, containing 50 pe. in 25%
absolute aleohols 1 ml., of this solution containing 1 pe. served as one
dose,

To evaluate the specific activity of the dose solution, 0,1 ml, of this
solution was diluted with absolute aleohol to 17,5 ml, 1l ml, of this
dilute dose solution was used for the estimation of radiocactivity and 1 ml,
for the estimation o¢f cortisol content, The specific activity of the dose
solution was calculated from the formulas

Selle doge =

(b) 4~Cléecortisol of speeific setivity 22,3 millicuries/millimole
was obtained from the Radiochemical Centre, Amersham, Buckinghamchire,
England in sealed ampoules containing 50 pe, in 1 ml, of a benzeneiethanol
(9:1) mixture,

The ampoule was carefully cut with a file and the contents transferred
to a test tube and evaporated as described before, It was thought better
at this stage, however, not to add any cortisol standard to the test tube
in order to minimise the amount of cortisol injected lest this should introduce
an error into measurement of cortisol production in patients with markedly
suppressed plasma cortisol levels due to the administration of dexamethasone,
The specific activity in this case was 225299 = 61,7 pe./mg.

2

To the dry residue 5 ml, of absolute aleohol were added and the volume

made up to 25 ml, with distilled water, 1 ml, of this golution served as

one/
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one dose and contained 2 pe,

Dilute dose solutions 0.1 ml. of the dose solution was diluted with
absolute aleohol to 35 ml, 1 ml, of this dilute dose solution was used for
the estimation of radiocactivity and 1 ml, for the estimation of cortisol
content from which the specific activity of the dose solution could be
calculated as previocusly mentioned. Both the dose solutions and the dilute
dose were kept at LOC.

10, Seintillation counting solutions:

(a) Organic scintillator: Toluene Phosphor (Panax) Type TTP/4. The
sclvent is toluene and the solute iss
p=Terphenyl A gm.;
13/ Di-2-(5 phenyloxazolyl) benzene (P,0,P,0,P.) O,1 gm.)

in 1 litre

Toluene phosphor was always kept at 4°C in brown bottles,

(b) Silicone fluid: (Hopkins and Williams) Type MS 200/20 CS, This
fluid provided optical contact between jars and photomultiplier of the counter,
Ag dirt affects light transmission of the silicone oil, the photomultiplier was
stripped, removed and cleaned with xylene every 6 months and fresh silicone oil
pipetted,

Sther requirements
Physiological saline, (0,15 M NaCl) sterile for intravenous injection,
Heparin (Waddel Fharmaceuticalg) 5,000 units/ml,

All patients were fasting and resting in bed during the test (9:30-11:30
asme)e The dose was administered at 9:30 a.,ms A sterile 1 ml, pipette

was/
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was used to transfer 1 ml, of the dose solution to a sterile beaker, The
soluticn was withdrawn into a syringe and the beaker rinsed twice with 2 to
3 ml, of physiological seline and the rinsings withdrawn into the syringe.
The [doseftest)was then administered intravenously over a period of three
wminutes, When injection was completed, blced was withdrawn into the
gyringe and reinjected, This was repeated twice to make sure that all
the dose was administered,

At half hourly intervals 20 ml, of blood were withdrawn from the
patient into a heparinised syringe., The time of withdrawal of the blood
samples was always recorded exactly, Four blood samples were taken
instead of six 60 ml. samples in the original method (Peterson and
Wyngaarden, 1956), Blood was centrifuged immediately at 540 g. for 10
minutes at 20°C, Plasma was separated into 250 ml, glass stoppered
flasks,

(b)  Extraction of cortigol

100 ml, methylene chloride were added to each plasma sample (about
10 ml,) and extraction carried out by gentle swirling rotation of the flasks
for 10 minutes, The contents of the flasks were then transferred to 250 ml.
centrifuge bottles, centrifuged at 710 g. for 10 minutes., The contents of
the bottles separated into two distinet layers; the plasma constituted the
upper thin one, and methylene chloride containing the cortisol formed the
lower layer., The upper layer was removed by a fine pipette attached to a
water suection pump, The methylene chloride extract was then trensferred
back to the same flask and washed first with 15 ml. O.,1 N NaOH to remove
acidic and phenolic steroids, then with 15 ml. O,1 N acetic acid and lastly

with/
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with 15 ml, distilled water. Each washing was always performed in the
flasks followed by centrifugation at 710 g, for 5 minutes and the removal
of the upper layer by suction, The washed extracts were then transferred
from the centrifuge bottles to clean 150 ml, glass stoppered flasks and the
extractis evaporated to dryness under reduced pressure by a water pump and
in a water bath at 40°C, The dry residues were then redissolved in 3 ml.
of methylene chloride, and transferred to 50 ml, glass stoppered test
tubes, The flask was rinsed with 2 ml, methylene chloride and the rinsing
again transferred to the test tube, The extract was then evaporated to
dryness again using the water pump and water bath at 4000.

10 ml1, distilled water were treated in the same way and acted as
a blank extract.
(e)

Paper chromatography was used for fracticnation of plasma steroids
and isolation of cortisol, The chromatography system used was the Bush
B5 system (Bush, 1952) of benzene:methanolswater (400:200:100); the
benzene layer was used as the mobile phase. The chromatography tank used
was 2 rectangular Shandon all glass tank 57 x 30 x 20 em,, containing a
longitudinal rounded bottom glass trough about 3 cm, deep, and lined with
filter paper dipped into about 1 em, of benzene, At the bottom of the tank
there was a 500 ml, beaker also lined with filter paper and containing 450 =ml,.
of the stationary phase (300 ml. methanol and 150 ml, distilled water) both
benzene at the bottom of the tank and stationary phase in the beaker were
changed every fortnight. The glass cover of the tank was lined on its lower
gide by a frame of rubber foam and a plastic sheet and was kept tight by the
application of heavy weights on its upper surface to make sure that the

atmosphere/
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atmogphere inside the tank was kept saturated with the vapours of the solvents.
In the middle of the cover there was a stoppered hole, just opposite the middle
of the trough, for the introduction of the mobile phase, The chromatography
paper used was Whatman No,l previously treated by exhaustive capillary
washing continuously for 3 days with 95% methanol to reduce the blank,
The sheet was then cut into smaller sheets each 15.2 cm, wide and 45 cm.
longs The starting line was 12 cm, from the upper edge of the paper.
The middle section of paper was subdivided into 7 limbs each 2 cm. wide
with a 2 mm, strip between each limb (see figure 6). The limbs were cut
so that their upper end lay 11 cm, from the upper edge of the paper and
their lower end lay 5 cm, from the lower edge of the paper, thus making sure
no tangling or cross contamination of the limbs could occur in handling the
sheet because their upper and lower ends are joined together.

Support of the chromatography paper during application of the spots
was convenlently provided by means of 2 rectangular plywood plates 50 x 30 em,.
joined at one end by adhesive plaster so that they could be opened or closed
as a bock and lined with a sheet of Whatman No.l chromatography paper. Both
the plates and the paper had a window 20 x 3 cm, through which only that part
of the paper to be spotted on could show. The edge of the plates containing
the window was slightly raised and a metal tube perforated at its upper
edge in a slit-like manner was fixed just under the window to direct upwards
a draught of the drying current of air coming from a hair dryer placed on its
side with its nozzle pointing acrogs the longitudinal axis of the window
in the plates, This arrangement kept the chromatography paper clean and

allowed/
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allowed drying the spotsat the time of their application thus limiting
their diameter and keeping their spread to a minimum,

The dry residues were redissolved in 2 x 50 pl. of methylene chloride
and transferred to the starting line of a Whatman No,1 chromatography sheet
divided into 7 strips; 4 for plasma extracts, one for the paper blank and
one at each side for the standard cortisol of which 10 pg. in 10 pl. were
used on either limb,

The sheet was then placéd in the chromalcgraphy tank in such a way that
the starting line was at least 6 em, from the trough edge and the first 4 cm,
of the sheet horizontal, Paper was allowed to equilibrate overnight then
descending chromatography was started by pouring the solvent (mobile phase)
into the trough and chromatography was allowed to proceed in the dark at
room temperature for 4 hours, The paper was then taken out of the tank
and dried for half an hour in the dark., After drying, the paper was taken
to the dark room, pinned over an 8 x 18" sheet of Ilford reflex paper FNo,50
lying horizontally and photoprinted by exposing it for 25 seconds to ultra=-
violet light using a lamp emitting nearly all its energy in the 254 my region
and situated 50 em, above the paper, The reflex paper was then developed
in 200 ml. Copyphen developer (Ilford), diluted 1:5, for 1 minute and fixed
as usual, Cortisol standard spots applied to the outer limbs showed as
white spots against a dark background (see figure 6 a), The zones
containing plasma cortisol and blank on the other limbs lay between the two
marker spots. Occasionally when plasma cortisol levels were high, the
zones containing plasma cortisol showed also on U,V.L, exposure as faini

spots/
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spots especially so with chromatograms of plasma after ACTH stimulation
(see figure 6 b)., The zone containing plasma cortisol and the paper
blank were then cut out, fluted and eluted by immersion in 5 ml, of ethanol
overnight,

(@)

The theory of fluorescence states that when a molecule or atom is
exposed to radiation, an electron transition may occur putting the molecule
or atom in a higher energy level (excited state)s If the energy which
the molecule absorbs is not released by collision with another molecule (or
atom) or by other means, then in a fraction of a microsecond, the molescule
(or atom) may return to a lower energy state, During the return,
radiation of frequency corresponding to the difference in energy of the
initial and final energy states is emitted. It is this radiation which
constitutes fluorescence (Aminco-Bowman Spectrophotofluorometer, 1956).

The machine used was the Aminco-Bowman Spectrophotofluorometer,
congigting of an optical unit, a ballast and control for a Xenon lamp, a
photomultiplier microphotometer, a cathode-ray oscillograph and a recording
drume In the optical unit, light from the Xenon lamp is dispersed by the
activating monochromator (grating type) into monochromatic radiation incident
on the sample. Fluorescent light from the sample 1s dispersed by a
gimilar monochromator into monochromatic radiation incident on the photo-
multiplier, The light is transformed there to a weak electrical signal
and fed to the photometer where it is amplified. Fhotometer output is
coupled to the cathode ray oscillograph, or is indicated by a self-contained

meter/
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meter on the photometer in termes of optical densities or percent transmission
or recorded by a recording drum,

The efficiency of the fluorometer for estimating accurately small
quantities of cortisol was tested by preparing a set of tubes containing
0,01, 0,02, G,05, 0.1, Cu2, 0.3, 0.4 and 0,5 pg. of standard cortisol
and treating them with ethanol and sulphuric acid, as will be deseribed
later, and measuring their fluorescence. The result (see figure 7) shows
first that very small amounts of cortisol could be detected and secondly
that there is a linecar relationship between fluorescence and the
concentration of cortiscl,

The time needed for the development of maximum fluorescence in the
dark was estimated by preparing sets of alcoholic golutions of cortisol
standard and keeping them in the dark for varying periocds after pipetting
sulphuric acid, A curve was drawn which showed that maximum fluorescence
occurred after 40 minutes in the dark and was stable for over two hours,
Figure 8 shows the relationship between the development of fluorescence
and time,

0s2 pge. standard cortisol was used to obtain the activation and
fluorescence spectra of 0,2 ml, ethanolic cortisol sclution treated with
1.8 ml, sulphuric acid £0%  Figures 9 and 10 show that maximum activation
was obtained at a wavelength of 480 mp, and maximum flucrescence at 540 mp.
using the green filter (CG 1).

Concentration of sulphuric acid needed to produce maximum fluorescence
was estimated by preparing several test tubes containing 0,2 pg. standard
cortisol in 0,2 ml, ethanol and treating them with 1.8 ml. sulphuric acid
of/
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of gradually increasing conceniration, Figure 1l shows that maximum
fluorescence was obtained with 3 concentrations of sulphuric acid 75, €0
and 85%, Therefore sulphuric acid of a concentraticn of 80% was used
throughout this study.

For fluorometry, eight 50 ml, glass stoppered test tubes were used,
four for the plasma samples, one each for paper blank, standard (= 0.2 pg.),
blank (ethanol) and dilute dose solution;into each 1 ml, of the corresponding
eluate or solution was pipetteds 0,5 ml, of eluate of plasma and of paper
blank were used in estimations after ACTH stimulation, The contents of
these test tubes were evaporated to dryness under reduced pressure on a
water bath at 40°C, 0,2 ml, ethanol was added to each and tubes rotated
thoroughly to dissolve the residues, Then 1.8 ml, 80% HESQ4 were pipetted
rapidly and contents mixed well, Tubes were then left in the dark for
45 minutesg at room temperature to allow fluorsscence to develop, At the
end of this time contents of the tubes were transferred to the quartz cells
of the fluorometer (cells previously washed with tap water, distilled water,
twice with ethanol and dried). The fluorescence of each was measured at
an activation wave-length of 480 mp, and fluorescence wave~length of 540 mu.
using the green filter (0G 1) The value of the blank was subtracted from
that of the standard and dilute dose solution, and that of the paper blank
subtracted from each of the plasma samples.

Cortisol content of the plasma samples in jg./l ml., eluate equals

[ lnoresce 2
fluoregcence of

1+

standard -

which was then multiplied by three to get the amount per 3 ml, eluate,
(e)/
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(e) ZRadicactivity counting

The machine used, was the assembly Type SC/LP, Panax Equipment Ltd.,
consisting of:

1. An automatic counter, type AC 300/6, which comprises an sutomatic timer,
type T 300, and a decatron scaler type D 657,

2. A lead castle and an amplifier, type 4250, with a gain of x 1000,

For muclides such as C% (0,155 MeV) the basic requirements are a head
amplifier, a scaler and a high stability power unit,

Tap water was allowed to pass continuously, for 1 hour before and during
counting, through the cooling coils of the head unit of the castle., Activity
was counted in glass stoppered 15 ml, Panax jars. Optical contact at the
window between the jar and the photommltiplier tube was provided by the
silicone oil,

Optimum working conditions for counting of 014 by the machine had
to be determined and checked once every 6 months, This was carried out by
counting a background and a source of % at varying E.H.T, volts (extra-high

tension volts) and varying Diseriminator Bias volts and recording
.- 014 =A% . I LI i® 2
cpm of the background

2
(1.a.-% ) for each E.H.T.

against the Discriminator Bias volts. An example is given in figure 12 which
shows the different curves obtained, From this it is seen that conditions
needed for optimum working are provided by an E,H.T, = 1300 volts and Disc.Bias
= 19 volts.

Counting C% was performed by the liquid scintillation method, This
method is based on the small flashes of light (or scintillations) which

accompany/
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accompany the exposure of certain materials to nuclear radiation, The
mechanism of formation of these scintillations is complex, but essentially it
involves the absorption of most of the energy from the nuclear radiation by
the solvent of the phosphor, This energy is then transferred to the solute
leading to the formation of a high~energy (or excited) electronic state of
its molecules (or atoms). The excess energy is then emitted, within a
very short time, as a flash of light, It is due to the use of the
electron multiplier tube with a photoelectric cathode (photomultiplier tube)
that light produced in a single scintillation, which is too feeble to be
measured directly, causes the emission of electrons from the cathode of the
tube due to the photoelectric effects, The number is greatly increased in
successive steps, so that ultimately a measureable current pulse is produced
which can be recorded by means of a suitable counter (Glasstone, 1958).

Toluene phosphor was used as the organic scintillator; 5 ml, of which
were used, blended with either 4 ml., of ethanol for the background counting
or with smaller volumes of active samples (dissolved in ethanol) and completed
to 4 ml, with ethanol.

3 ml, of the eluates were used for counting, 6 counting jars were used
4 for the plasma samples, one for the diluted dose solution and one for
the background, They were prepared as followssi-

alcohol ganple  ZIoluene phogphor
ml. mle mle

Background A - 5
Sample 1 3 b
Diluted dose solution 3 1 5

Contents/
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Contents of the jars were mixed by gentle swirling till the toluene
phosphor and ethanol were completely blended, Jars were then placed in
the dark for 10 minutes (in order to reduce fluorescence in the phosphor)
in a petri dish containing tap water to bring them to the same temperature
as that in the castle, Jars were then housed in the castle and further
10 minutes were allowed to pass for dark adaptation before counting started.
Radicactivity was measured initially in terms of the time required to
register a certain number of counts as follows: the background - 4000
counts, plasma samples -~ 10,000 counts and dilute dose solution - 40,000
counts, The value of background (ecpm) was always subtracted from the
values of the other active substances, The activity of the plasma was
expressed as cpm/3 ml, eluate,

Counting of the background was almost always 100 epm (ranged between
96 and 104),those of the plasma elustes ranged from 240 - 52 cpm for the
first sample, to 67 -~ 11 cpm for the last one using 1 pec, as a dose and
321 - 63 epm for the first sample, to 52-18 cpm for the last one using
2 pe, Dilute dose solution was around 7000 epms The validity of the
count rate of the plasma samples, especially the last one, looked questionable
in relation to the count rate of background, Thus, an experiment was
performed in which 4 ml., of a standard solution containing fairly high
amount of radiocactivity was counted, together of course with a background,
Steadily decreasing volumes of the same standard i.e. 3 mle, 2 ml,, 1 ml.,
05 ml,y 0,2 ml,, and 0,1 ml, were also counted and the value of background
subtracted from each, The observed count rates were compared with the
theoretical/
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theoretical ones based on the count rate of 4 ml, standard. The results,
gshown on table 6 indicate a fairly high efficiency for counting small

count rates down to 6 cpm.

Radioactive standard Observed Efficiency
solution activity
(ml.) (epm) (epm) (%)
L 240 240 100
3 180 186 103.3
2 120 118 9842
1 60 62 103.3
0e5 30 30 100
0.2 12 13 108,1
Ol 6 6 100
98,2 = 108,1

The specific activity of each plasma sample was calculated by
dividing the total count of the sample by the corresponding fluorometric

egstimation, Thus:

A t
specific activity (S.A.) eluate = Gortisol (ige) Imle Jeinate epm/pg

and for the doge solution:

08

SelAs dose = #é.' i ' éOSB

L4
on  epn/ig.

These were calculated using the isotope dilution expressions:
)/
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1) A =a [$£-1] x207° ng
for estimation of the miscible pool, and

2) k = %—0 pool/24 hrs.

for estimation of the rate of turnover,

Cortisol production rate = (1) x (2) mg./2, hrs. (see Chapter II of
the introduction).
Zxanple:

Suppose thats
The amount of cortisol in the dose (a) is 30 ug.
The speeific activity of the dose (Ii) is 20,200 epm/pg.
The specific activity at zero time (Io) is 200 cpm/pg.
Biological half clearance time (¢4) 4is 100 minutes
then the miscible pool of cortisol will bes

A = 30 [2BER_4) y 3073

= 3 M eeenetsassssnns 00issnssassscstsscsnssssssscssnstne (1)
and the rate of turnover will be:
k = 1]% & 10 WO]./u NrSesesavsascsensssssessnscssssnse (2)

and the production rate will be (1) x (2), i.e.
3x10 = 30 mﬁo/zﬂ hrs.

Ve WEate snd protecLions

Besides the fact that C% is a very weak p-emitter (0,155 MeV), the
amounts handled were very small., Accordingly, and after consultation with
the Medical Physies Department of the Royal Infirmary of Edinburgh, it was

agreed/
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agreed that it is quite safe from the public health point of view, both to
store the various solutions containing radicactive cortisol in the
refrigerator used for storing various chemicals and to wash the radicactive
wagste down the sink using plenty of water., So, glassware which contained
radiocactive Cu‘ were thoroughly cleaned by brushing ucing teepol, and
plenty of tap-water then rinsed with distilled water. Pipettes were
treated in the same way, then rinsed at the end with acetone,

Film badges, supplied by the Physiecs Department of the Western General
Hospital of Edinburgh, were used by all people handling C% and were
changed every fortnight and checked for the degree of eXposure to radio-

activity,



The method applied here is based largely on that described by Cope and
Black (1958 a).
Irinciple

The principle of the urine method is the same as that of the blood
method except that the degree of dilution of the administered dose refers
to cortisol metabolites (particularly tetrahydrocortisone which is the main
metabolite of cortisol) instead of to cortisol as in the blood method
(see Introduetion, Chapter 1I),

After administration of the dose, a 24 hour urine sample was collected.
The total radicactivity was measured and conjugates of cortiscl metabolites
in urine were hydrolysed using p-glucuronidase, eordisei—metabolites
extracted and separated by chromatography. The S.,A, of tetrahydrocortisone
(THE) was then determined by estimation of both its radicactivity and its
content speetrophotometrically. Cortisol production rate was calculated
as the total radiocactivity ia the 24 hour sample divided by the S.A, of
THE, i.e.

Cortisol production rate = x 10~ mge/2/ hrs.

Heagents
l. Tetrahydrocortisone standard

(a) Stock standard: 0.4 mg., 'HE (Steraloid)/ml. absolute ethanol.
(b) Working standards 20 pg. THE/ml, absolute ethanol.
2, Tetrahydrocortisone marker: 1 mg, THE/ml, absolute ethanol,
THE standards and THE marker were kept always at 4°C.
3. p-glucuronidases (Limpet), 2,000,000 units/g. (Baylove Chemicals)
Lo/
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4e Chloroform, R (M & B)
5. Sodium hydroxide (B,D.H,) 0,1 N approxinately,
6. Ethane-diol (Ethylene glyeol) (BeDuH, )
7. Toluene (B,D,H,) Analar grade,
8, Dlethanol (B,D.H.) Analar grade.
9., Glacial acetic acid (M & B)
10, Purified alcohol.
11, Tetramethyl-ammonium hydroxide (B,D.H.) 25%
12, Blue tetrazolium [3:3'-Dianisole-Bis-/:4'= (3:5 Diphenyl) = Tetrazolium
Chloride] (B,D.H.)

13, 10% Sodium hydroxide in 60% methyl alcohol (13l v/v)
14, Methanol/ethylene glycol (1:l v/v)
15. Acetate buffer s pH 4.6; 0.5 M
16, Hydrochloric acids 0.1 N approximately,
17. Radioactive compounds

a. Dose solution )

) Prepared as described before
b. Dilute dose solution)
¢. Internal Standard: with doses of 1 pe,, the dose solution was
diluted with absolute ethanol to give about 650 epm/ml. With
doses of 2 pe. it was diluted to give about 1800 cpm/ml,

18, OSecintillation counting fluids: as in the blood method.

Patients were made to empty their bladders and dose administered as in
blood method. Urine was collected without preservative for 24 hours and

total volume noted.
(v)/
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(b) 4 of t

10 ml, of the urine were filtered and the total radicactivity determined
on 0,5 ml, of filtrate, Urine does not mix with toluene, but by blending
5 ml, of the phosphor with 4 ml, ethanol, up to 0,5 ml, urine may be
incorporated by gentle swirling to ensure goed mixing., The incorporation
of 0,5 ml, urine into ethanol and liquid phosphor, however, produced some
turbidity, presumably because of the presence of dissolved salt and other
substances in urine and this sometimes exerts a considerable quenching effect,

Correction for this quenching was made by adding an internal standard.
Counting the urine was carried out before and after the addition of the
standard, the observed count of the standard in urine was compared with its
true value and so a correction factor for quenching was obtained, Accordingly
to obtain the total radicactivity in urine, 5 jars were prepared as followsi=

alcohol wurine Int,gtd, Dilute doge Ioluene Fhosphor
ml. Bll. mli ml'

ml.

1. B&ckground 4 - - - 5
(BG)

2. Urine 4- 005 - - 5
(U)

3. In%ggnal standard 3 - 1 ~ 5

4e Urine + standard 3 0,5 1 - 5
(U + 8)

5., Dilute dose 3 - - 1 5

(D)

The value of the background (cpm) was subtracted from the radiocactivity
(cpm) of the other samples.

Quenched/



Quenched standard = cpm (U + 8) - cpm (U)

U S
Urine count corrected for quenching was opm of quenched (S

As only 0,5 ml, of urine was used for counting, the total radicactivity of
sample (expressed as cpm/2/ hrs,) was:
Total count of 0,5 ml, urine x 2 x total volume of 24 hour sample,
The background was counted till 4,000 counts were recorded, urine samples and
gstandard till 10,000 and dilute dose solution till 40,000, Jars were kept
in the dark in a petri dish containing tap water for 10 minutes, then housed
in the castle for another 10 minutes before counting started. Counting of
the background was almost always 100 cpm (ranged between 96 and 104), that
of the urine sample varied according to the volume of urine and percent
of dose excreted in 2/ hours, but generally more than 300 c¢pm were recorded
with 1 pe, dose and more than 700 cpm were recorded using 2 pe. dose. The
internal standard was prepared such that the counting of urine + internal
standard should always be more than double the counting of urine, By this,
the maximum correction for quenching could be made, Thus an internal standard
of 900 epm/ml, and 1800 cpm/ml, were found to be suitable to use with the
different activities of the urine samples estimated after adminigtration of
doses of 1 pe, and 2 pe, respectively.
The validity of this method for correction of the quenching was tested by
preparing 8 sets of jars each is composed of:
1. Background,
2« 0,5 ml, different urine sample plus a gquantity of radiocactivity
equivalent tc 900 epm,
3¢  0U¢5 ml, urine, plus a quantity of radiocactivity equivalent to 90C cpm
plus 1 ml, internal standard (180C cpm/ml.)

be/
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Le 1 ml, internal standard,
Ethanol was added to 4 ml,, and then 5 ml. toluene phosphor were added and
jars counted as usual, Countings of the added radiocactivity were recorded
before and after correction for quenching using the internal standard and
the results compared to the original activity added (900 epm)s Results are

ghowm in table 7,

Urine . Added Cbgerved Corrected Efficiency
sample | radiocactivity radiocactivity radicactivity

(N, ) (epm) (epm) (epm) (%)

1 900 846 917 101.8

2 900 839 905 100,5

3 2C0 869 883 98.1

4 900 851 834 9942

5 900 815 926 102,8

6 900 842 9219 102.4

7 900 836 928 103.3

8 900 853 897 99.6

98,1 = 103,2

These results clearly indicate that the employment of an internal
gtandard to correct the quenching is essential and also that this method of

correction is reliable,

(e)

For estimations at basal conditions, one tenth of the 24 hour urine
sample was used, Its pH was adjusted to 4.6 with 0,1 N HC1l (using narrow-
range pH papers; BeD.Hey 4 = 5.5) and the pH stabilised by the addition of an
equal volume of acetate buffer (pH Le6y 0,5 M). p=glucuronidase (500 units to
each ml, of urine, dissolved in few mls, acetate buffer) was then added and

thoroughly/
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thoroughly mixed with the urine, which was then incubated at 37°C for 24 hours.

After ACTH stimulation, urine contained increased amounts of cortisol
metabolites, so that one twentieth of the total 2/ hour urine sample was
quite adequate for this estimation. On the other hand markedly diminished
quantities of cortisol metabolites in urine after dexamethasone suppression
Jjustified the use of one fifth of the total 24 hour urine sample for this
test,
(a)

This was carried out in one-~litre separating funnels using 2 x 50 ml.
chloroforme The lower chloroform layer was transferred to centrifuge
bottles and the emulsion formed during extraction broken by centrifugaticn at
710 g. for 15 minutes., The upper layer was removed by suction and the lower
chlorcform layer washed in a 250 ml, glass stoppered flask twice with 15 ml.
of O.,1 N NaOH, to remove acidic and phenolic steroids, and twice with 15 ml,
distilled water, Centrifugation was carried out after each washing and the
upper layer was removed by suction, After the last washing, the extract was
transferred to a clean 150 ml, glass stoppered flask and brought to dryness
[ pressure in a water bath at 50°C,

An equal volume of distilled water was treated as urine and served
as the blank,

(e)

Paper chromatography was used for the fractionation of the urinary
metabolites of cortisol, Isolation of tetrshydrocortiscne, the main
metabolite of cortisol, was the main factor which determined the solvent
system to be used, namely that of Zaffaroni (Burton et al, 1951 a) subsequently
modified/
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modified by Nowaczynski and Koiw (1957) in which ethylene glycol/toluene
as the partition system replaced Zaffaroni's original propylene glycol/
toluene., This modification shortened the running time from 96 hours to
13 hours without loss of sharpness of separation,

Paper used was Whatman No, 543 45 x 15 em. previously washed for 3
days with 95% methanol while hanging in a chromatography tank, The paper
was divided into 4 limbs with spaces of 1 ecm, between each, The outer two
limbs were 2 em, wide and were used for spotting tetrahydrocortisone marker
and the inner two were 4 em, wide, one ef~%kem for spotting the sample and the
other for the paper blank, The starting line was 12 cm, from the upper
edge of the paper and the limbs started 11 em, from the upper edge of the
paper and ended 5 em, from its lower edge (see figure 13). Paper had
first to be impregnated with the stationary phase (methanol/ethylene glycol
1311 v/v) and the wet paper pressed between two sheets of previously washed
Whatman paper to remove excess solution,

Dried chloroform extracts were then redissolved in 2 x 0,2 ml,
chloroform in acetone (99:1 v/v)and transferred to the starting line of the
chromatography paper. 10 pl, tetrahydrocortisone marker was applied to
the starting line of each outer limb and paper was then transferred to the
chromatography tank, which is similar to that used with the Bush B5 system,
No beaker was used at the bottom of the tank and filter paper lining the
tank dipped into about 1 cm, of mobile phase, toluene saturated with
ethylene glycol. As equilibration is not needed with this solvent system,
descending chromatography was started by pouring the mobile phase, toluene
saturated with ethylene glycol, through the stoppered hole in the middle of
the/



Figure 13: Chromatographic separation of urinary THE,
Identification by the BIZ reaction,




- 161 -
the cover directly to the trough and chromatography was allowed to proceed
in the dark at room temperature for 13 hours., FPaper was then taken out
of the tark and dried in the dark, But owing to the presence of ethylene
glycol drying tock at least 6 hours using a hair dryer,

To locate the tetrahydrocortisone zone, a 1 em.,-wide strip of the urine
sample limb was cut off and dipped, together with the outer 2 gtandard
tetrahydrocortisone marker limbs in a solution consisting of 15 mg.
blue tetrazolium dissolved in 3 ml, distilled water to which 9 ml, of 10%
sodium hydroxide in 60% aqueous methanol were addeds In few seconds, in
the strip of the urine sample limb, 3 purplish-mauve bands appeared; the
ocne nearest to the origin was a dense narrow one due to the water insoluble
formazan formed by the interaction of tetrahydrocortisol with the blue
tetrazoliums The middle one was broader and much denger and was due to
the formazan formed by the interaction of blue tetrazolium with tetrahydro-
cortisone, A third faint band further away from the origin was occasionally
seen and was due to allo-tetrahydrocortisol, Similarly, THE gtandard
marker applied to the outer two limbs appeared as purplish-mauve spots
at the same horizontal level as the THE of the urine chromatogram (see figure
13). The bands of the urine chromatograms were, on the whole, much denser
for urines after ACTH stimulation and very faint after dexamethasone
suppression. The section of the urine sample 1limb and of the paper blank,
opposite the developed tetrahydrocortisone band and standard marker spots,
were cut out, fluted and eluted by immersion in 5 ml, ethanol overnight,

(£)/



For this purpose 3 ml, of the eluate were taken for counting; 2 jars
were set as follows:
alcohol eluate  toluene phosphor
ml, ml, ml, -
Background 4 - 5
Bluste 2 3 5
and counting carried out as previously described.
(¢) ZEstination of THE
Os5 mls of the eluate was taken for spectrophotometiric estimation of
tetrahydrocortisouc relative to THE standard, The procedure used in this
study for the quantitative estimation of THE was a modification of that used
by Nowaczynski et al (1955). In principle it is based on the fact that
aleoholic solutions of certain steroids reduce tetrazelium salts in the presence
of tetramethyl-ammonium hydroxide forming coloured formazans. 4 tubes were

prepared as followss=

Aube alcohol eluate ghandard® BIZ®*  IMAHW®®
ml, ml. ml, ml, ml,
Blank 2.5 - - 0e25 0.25
Papor blank 2 0.5 - 0.25 0.25
Standard 1,5 - 1,0 0,25 0425
Eluate 2 0.5 - 0425 0.25

* Standard THE solution used was 20 pg./ml.
%% Blue tetrazolium solution was prepared immediately before use by dissolving
50 mg. blue tetrazolium in 10 ml. ethanol,
¥*¥Tetramethyl-ammonium hydroxide solution was prepared immediately before use
by using 0,4 ml, of the 25% solution and completing the volume to 10 ml. with
ethﬁnol.
This/
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This arrangement was convenient to use for estimation at basal conditions
and after ACTH stimulation. With urines containing small amounts of THE as a
result of dexamethasone administration, 1 ml, of eluate was used instead of
0s5 and ethanol added was 1.5 ml, Solutions were thoroughly mixed and kept
in the dark for 25 minutes, at the end of which the reaction was stopped by
pipetting 1 ml, glacial acetic acid into each tube, Optical densities were
read against an ethanol blank in an S.P. 600,

(h)

y il ML B
3 ml, eluate

The speetrophotometer used was the Unicam S.,P. 600, designed for
abgorptionetric measurements within the visible and near-infra-red regions of
the spectrum, A wave-length of 520 mp, and the blue photocell were used,

Figure 1, shows a plot of optical densities against wave-lengths using
the S.P, 600, An absorption maximum at 520 mp. for eluted and chandard
tetrahydrocortisone was obtained,

(1)

L4l e
CPR = “75.A. THE (cpm/uge) x 1000 mge /24, brs.

(as previously deseribed, see Introduction,Chapter II).

Example/
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Exanple
If volume of the 24 hour sample of urine is 1000 ml, and radioactivity of
0,5 ml, after correction for quenching is 800 cpm then total count of 24
hour urine is 800 x 2 x 1000 = 1,600,000,
If activity of 3 ml, eluate is 4800 e¢pm and THE content of the same

amount of eluate is 30 pg. then the specific activity of THE is

A%%Q = 160 cpm/pg. and

CFR = .1.§%§gggg x 1072 = 10 mg./2/, hrs.
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2, Egtimation of 17-ketosteroids in urine (17-ks)
The method applied in this resgearch is a modification of that
described by James and deJong (1961).
Erinciple
After acid hydrolysis, urinary l7-ketosteroids were extracted by
ethylene chloride and other acidic and phenolic steroids washed away by
sodium hydroxide. The extract was dried and colour produced by a modified
Zimmermann reactiony this was compared to the colour produced by a
stawdard dehydroepiandrosterone (DHA) solution treated in the same way.
Colour reagent
a.m-Hinitrobenzene: 1% solution in absolute ethanol,
b. Tetramethyl-ammonium hydroxide 25% scuecous solution (B.D.H.).
The colour reagent for the Zimmermann reaction was prepared by thoroughly
mixing equal volumes ofi?lnitrobenzona golution and tetramethyl-ammonium
hydroxide solution immediately before use.
DHA standapds
a. Stock standard: 1 mg./ml. in absolute ethanol,
b. Working standardss
(1) 25 pg./0.2 ml, absolute ethanol,
(2) 50 pge/0.2 ml, absolute ethanol.
(3) 75 pg./0.2 ml, absolute ethanol,
(4) 100 pg./0.2 ml, abgolute ethanol,
frocedure
2/, hour urine samples were used, the volume measured and aliquots
containing 4 = 5 drops of chloroform as preservative were kept in the deep
freeze until required., Urine was well shaken and 10 ml, pipetted into

clean/
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clean 3/, x 6" WQuickfit test tube. 10 ml, distilled water were treated
in the same way and served as a blank, 1 ml, concentrated hydrochlorie
acid was added and the contents of the tubes mixed and tubes placed in a
boiling water bath in a fume cupboard for exactly 10 minutes. Tubes
were then cooled and 10 ml, of ethylene chloride were added from a
burette with ungreased tap. The tubes were then stoppere&, sealed
firmly with sellotape and contents mixed by gentle inversion (tumbling
on a turntable) for 15 minutes at 45 r.p.m.

The iﬁ:;::: were removed and the tubes were centrifuged at 540 g.
for 10 minutes. This should break any emulsion formed during the mixing.
The top urine layer was carefully removed by suction with fine Pasteur
pipette joined to a suction pump and 1 ml, N sodium hydroxide added., Tubes
were restoppered, sealed and their contents mixed by tumbling on turntable
for 7 minutes. Stoppers were removed and tubes recentrifuged at 540 g.
for 10 minutes. The top alkaline layer was removed by suction and 1 ml,
distilled water added. Tubes were stoppered and their contents mixed by
tumbling for 7 mimutes. Stoppers were removed and tubes centrifuged at
540 g, for 10 minutes, 2 gm. anhydrous sodium sulphate were added and
tube shaken. An aliquot, 5 ml,, of ethylene chloride extract was removed
through cotton-wool into a clean dry 1/2 x 5" Quickfit test tube and
evaporated to dryness under reduced pressure in a water bath at 80-90°C,
0,2 ml, absolute ethanol was added to each of the dry residues. Residues
were dissolved by gentle but thorough mixing (stoppered tubes were
warmed in hot water if necessary) 0,4 ml. of colour reagent was added
and mixed, Tubes were allowed to stand in the dark at 25°C for 60
minutes./
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minutes, 5 ml, of 70% aqueous ethanol was added and mixed,

"Specimen blank" was prepared for every batch of specimens substituting
water for urine, 0.2 ml. of each working standard was pipetted into a
standard specimen tube and test continued from the step of adding the colour
reagent, "Standard blank" was prepared by processing 0,2 ml, absolute
ethanol and test also continued from the step of adding the colour reagent,
Optical densities of the specimen blank, standard blank, sample and
standard tubes were determined using the S.F, 600 at wavelength 520 mp.
and at two other wavelengths equidistant on each side, viz. 440 my, end
600 mp, (Allen, 1950), and the corrected final reading, i.e.

0.D. at 520 mp, - SaDe 8l 440 ;on )

was calculated,

Blank standard values were subtracted from standard values and
gpecimen blank values subtracted from unknown values,
Caleulation

A standard graph was constructed by plotting the amount of standard
per tube against corrected optical density and the corrected unknown values
were read off from this graph, the result obtained was expressed as
pge/0s2 ml, final extract, As only 10 ml, of urine were used in this
estimation, the 17-KS in the 24 hour sample is:

%&&%&n@m x totel urins volume 1g./24 hrs.

" Hg*zg‘z“m%%rnﬂkaenn x total urine volume x 107> nge/24 hrs.

But/
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But since only 5 ml, of the 10 ml., ethylene chloride extract were used,
the final formula is:

Mﬂ%ﬂm x total urine volume x 10> x 1? mge/24 hrs.



3 (total 17-KGS)

The test used in this research is a modification of that described by
Few (1961).
Erinciple

In urine samples, reduction by potassium borohydride of the C=17
ketone group of the pre-existing 17-KS and of the C-1l and C-20 ketone
groups of the C=21 corticosteroids was followed by oxidation of all
ketogenic steroids with sodium meta-periodate to the 17-KS, 11p~hydroxy-
etiocholanolone and its 5a-isomer 11lp-hydroxy-androsterone (see
Introduction, Chapter II, and table 1), After alkaline hydrolysis the
mixture was extracted with ethylene chloride, the extract washed and dried
and the colour produced by Zimmermann reaction compared to the colour
produced by a standard DHA treated in the same way.

The reagents and procedure were similar to those deseribed by
Few (1961) except that no chromatographic separation of ll-oxy and ll-deoxy
total 17-KGS, bypschrometography was attempted in this study and that
tetramethyl-ammonium hydroxide was used in the eclour reagent, as in
estimation of 17-KS, Standard DHA solutions were prepared as in 17-KS
method.

Lrocedure

24 hour urine samples were used. The total volume was noted and
an aliquot of about 100 ml. containing 4 -~ 5 drops of chloroform as
preservative was stored in the deep freeze till required. The urine was
well shaken, 5 ml, pipetted into a clean ¥ x 5" Quickfit test tube. Few
drops of ether were added to prevent frothing caused by the potassium
berohydride,/
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borohydride, of which 0,5 ml, was added (solution freshly made by
dissolving 1 g. in 10 ml, 0,1 N sodium hydroxide), 5 ml, water were
substituted for a blank, Tubes were stoppered and contents mixed then
left either for 2 - 3 hours or overnight at room temperature to allow the
reduction to take place. 0,25 ml, of 25% acetic acid was then added
dropwise and tubes were shaken to mix their contents and allowed to stand
for 15 minutes, For oxidation, 2 ml., of sodium meta=-periodate solution
(freshly made by dissolving 2 g, in 20 ml. distilled water) were added
followed by 0,5 ml, of 1N sodium hydroxide. After thorough mixing, the
pH was adjusted, if necessary,to 6,1 - 6.4 using narrow range pH papers
(BuDsHey 5.5 = 8.5) externally and adding drop by drop 1N NaOH or 1N HC1
where appropriate., The tubes were stoppered and placed in an incubator
at 37°C for 1 hour, Hydrolysis was then carried out by adding 0,5 ml. of
2+5 N NaCOH and mixing the contents of the tubes., Tubes were replaced
in the incubator for 15 minutes,

Extraction with ethylene chloride was carried out as in the 17-KS
method and 2,5 ml, of alkaline sodium dithionite solution (freshly
prepared by dissolving 2.5 g. in 100 ml, 1.25 N sodium hydroxide) were
added for purification, Extract was washed with 1 ml, of distilled water
and anhydrous sodium sulphate was used for drying as in the 17-KS method,
An aliquot, 5 ml, of solution,was removed, dried and the colour reaction
proceeded as in the 17-KS method.

"Specimen blank", working standards and "standard blank" were prepared
as in the 17-KS method and 0.,D, read in the S,P, 600, as previously

described,/
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described, at wavelengths 440, 520 and 600 my, Standard blank values
were subtracted from standard values, and specimen blank values from
unknown values,
Salceulation

A graph was constructed by plotting the amount of standard per tube
against corrected optical density. The corrected unknown was read off
from this graph, The result obtained was expressed as pg./0.2 ml, final
extract, Total 17-KGS in the 24 hour sample, therefore, equals

&&EJ%QMQHB x total urine volume 1ge/24 hrs.
or MQ‘M x total urine volume x 10"3 mg./24 hrs,

But since only 5 ml. of the 10 ml, ethylene chloride extract were used, the
final formula is:

M‘mmxtotal urine volumexlo'jxlgxlﬂ /2. hrs

5 5 B mge .

where 1.33 is a factor compensating for small extinction coefficient of
11p=hydroxy-etiocholanolone and llp-hydroxy-androsterone as compared to
DHA, Thig is because lli-hydroxy- derivatives have only 74% of the
chromogenicity of the corresponding ll-deoxy- compounds in the Zimmermann

reaction (Few, 1961).

every specimen of urine, glucose was tested by Clinitest (Ames, Co.). If
the glucose concentration exceeded 0.5 g./100 ml.,the following procedure,
recently recommended by the Medical Research Council Committee on
Endoerinclogy/
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Endoerinology (1963), was carried out in some of the specimens.

L ml, of the urine were pipetted into a glass-stoppered test tube.
2 g of ammonium sulphate were dissolved in the urine, which was then
extracted four times with 4 ml. of an ether/ethanol (3/1) mixture,
Extractions were made by shaking the two phases in the stoppered test
tube, After allowing them to separate, the upper phase was transferred
to an extraction tube, The combined ether/ethanol extract was evaporated
on a water bath at 40°G in a current of nitrogen., 4 ml. of water were
added to the residue in the extraction tube, and the normal procedure
for determining total 17-KGS was then carried out as if the 4 ml. were

urine,



Initially ACTH gel (Crooks cortico-gel 40 I.U./ml,) was given by
deep intramuscular injection, 60 I, U, every 12 hours for two days and
once at 9100 a.m, on the third day (i.e. 5 injections altogether) and cortisol
production rate estimated by both blood and urine method on the third day, as
usual, Urinary 17-KS and total 17-KGS were also estimated on the third day of
ACTH stimulation, With this procedure, however, cortisol production rate
obtained by the urine method was sometimes lower than that obtained by the blood
method (see tables 11 and 12), It was thought at this stage that this
diserepancy was due to the fact that the blood method invelved specimens
obtained only half an hour after the last injection of ACTH, i.e. during
maximum stimulation of the adrenal cortex, while the urine method measured
cortisol produced during the whole day. The interpretation of this observation,
at this stage, was that stimulation of the adrenal cortex by this dosage of
ACTH failed to produce a plateau of cortisol production lasting till the end of
the third day, This observation was supported by the occasional finding of
a lower urinary steroid output on the third day of adrenocortical stimulation
than on the second day.

Accordingly, in the later part of the study, the dosage of ACTH was
changed so that the patients received 60 I,U./12 hours for three days.
Changing the dosage of ACTH, however, did not make any difference, The
interpretation of these findings will be discussed later.
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This was carried out by oral administration of dexamethasone (Roussel)
which was given in a dose of 0,5 mg, six hourly for two days and once at
9300 a.,m, on the third day. Cortisol production rate was estimated by
both blood and urine methods on the third day,as usual, Again, urinary
17-KS and total 17-KGS were also estimated on the third day of dexamethasone
suppression,

With this dosage, it was found that the cortisol production rate was
so low that blood cortisol values, were below the sensitivity of the
fluorometer, It was also found that most of the values of cortisol
production rate after dexamethasone suppression obtained by the urine
method were higher than those obtained by the blood method, The inter-
pretation of this observation, at that stage, was that estimation of cortisol
production rate by the blood method was carried out on the morning of the
third day of adrenccortical suppression, only 30 minutes after administration
of the last dose of dexamethasone, i.,e. during the maximum suppression of the
adrenal cortex, while the urine method measured the cortisol produced during
the whole of the third day., This meant that suppression of the adrenal
cortex by this dosage of dexamethasone was not being maintained till the end
of the third day., This conclusion was supported, by the occasional finding

of higher urinary steroid outputs on the third day of adrenocortical suppression

than on the second day (see tables 17 and 18),

For these reasons it was decided, later on, to change the dosage of

dexamethagone to 0,5 mg. six hourly for two days only, i.e. 8 doses altogether,

and/
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and to carry out the estimation of cortisol production rate, urinary
17-KS and total 17-KGS excretion on the second day of administration of
the drug instead of the third day, Changing the dosage of dexamethasone
did not make any difference. The interpretation of these findings will

also be digcussed later,
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A desire to estimate the degree of plasma~protein binding of cortisol
as another index of adrenocortical function initiated the work which led to
developing a method by means of which cortisol production rate, plasma
cortisol and plasma-protein binding of cortisol could be simultanecusly
estimated, using 4~014—cortisol.

An in vitro method was tried first; radioactive cortisol was added to
plasma collected before the 014-cortisol was administered., Later on, an
in vivo method was developed in which use was made of the plasma labelled
by the injected dose to serve the three purposes.
a. in vitro method

A sample of blood was withdrawn and plasma separated. A trace amount
of radioactive cortisol was added. A portion of this plasma was taken for
total radicactivity counting., A second portion was subjected to ultrafiltration
and the ultirafiltrate counted., A third portion, together with the plasma of
the blood samples withdrawn after injection of a radiocactive cortisol dose, was
processed in the usual way, i.e. extraction, purification, chromatography,
elution, radiocactivity counting and fluorometric estimation of cortisol in
the eluate,

Figure 15 (a and b) shows the main steps of this technique and the mode
of calculating the results, Cortisol production rate was estimsted, as
previously deseribed, from the specific activities of the blood samples

withdrawn after injection of the doses, Cortisol was estimated fluorometrically

in/
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in the purified extract of the pre-injection plasma, to which labelled
cortisol was added, and the plasma cortisol obtained from this wvaluc Ly
applying a correction, for the amount of cortisol lost during the extraction
and purification, The correction factor was derived from estimation of the
total radicactivity of the plasma and that of the purified extract,

The percentage of cortisol not bound to plasma proteins was calculated
by comparing the total count of the ultrafiltrate to that of the original
plasma,

Zquipment

1, Ultrafiltration apparatus (see figure 16a). The apparatus used for
ultrafiltration in this study was essentially similar to Toribara's
ultrafiltration apparatus (Toribara, 1953) later used by Mills et al (1960)
to gtudy plasma-protein binding of cortisol, but much simpler,

The ultrafiltration apparatus used in this study consisted of:

(a) Mercury levelling bulbs, These were glass tubes 7.5 cm. long and
2.5 cm, wide, with a narrow lower part, 3.5 cm, long and 0,75 em, wide.
Each was fitted with a rubber stopper at the upper end and a rubber tubing
around and projecting for 0.5 em, down the narrow ends The stopper was
pierced by a thick syringe needle whose lower end was cut flush with the
lower end of the stopper.

(b) 3 x 17 em, centrifuge tubes (MSE - HR).

(¢) Visking seamless regenerated cellulose tubing, size 18/32" with an
average pore radius of 24 Angstrom unit (H.M.C.)

The mercury I:&b held inside the visking tubing, containing the plasma,
and was placed inside the centrifuge tube where the ultrafiltrate collected.
The stopper of the bulb was perforated to facilitate replacement of the
wltrafiltrate/
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ultrafiltrate by air from the centrifuge tube. The rubber tubing around
the lower end of the bulb minimised friction between the glass surfaces
of the latter and the bottom of the centrifuge tube and prevented either
of them from getting broken during centrifugation. Parafilm and adhesive
plaster were used to seal the centrifuge tube to prevent the ultrafiltrate
from evaporating during centrifugation.
2, Carbon dioxide eylinder (5% in oxygen).
fisagents

The reagents were as for the estimation of cortisol production rate by
the blood method, plus:
l, lyamine golution; 1,5M: prepared by adding 33 ml. methanol to 75 g.
Hyamine 10-X (Hopkins and Williams Ltd) g a flask and shaking vigorously
till completely dissolved, This solution was kept in a dark place.
2. Internal standard: 5 ml, dilute dose solution (1:350) were further
diluted with ethanol (131) so that 0,1 ml, of the final solution gave 400 cpm,
3. Diiute radioactive cortisol standard: prepared by diluting 0,1 ml, of
the dose solution with 7 ml, saline; 0,05 ml, of this solution added to
plasma (15 - 20 ml,) gave a total radicactivity of about 180 cpm/0.5 ml,
plasne., This solution and the internal standard were kept at 4°C,
Procedure

The main steps of this procedure were the same as in the estimation of
cortisol production rate by the blood method, Just before administration of
the Ol‘{*—cortisol, 40 ml, of blood were withdrawn from the patient in a
heparinised syringe and the plasma separated by centrifugation at 5,0 g. and
37°. The 014-cortiaol was then administered. Four blood samples were
withdrawn/
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withdrawn at half hourly intervals and plasma separated from each as
previously described,

0.5 ml, of the pre~-injection plasma was pipetted in a counting jar for
background counting, 0,05 ml. of the diluted dose solution was then added
to the rest of the pre-injection plasma which was then mixed, by gentle
inversion of the tube for few times, and incubated at 37°C for 10 minutes.
Three portions of that plasma were used:

{a) A portion, 5 ml,, was taken for ultrafiltration, This portion
was pipetted in %vield.ng tubing knotted at one end, and 5% carbon dioxide
in o:wgeru:zgubbled gently into the plasma for two minutes to maintain a
relatively constant pH, utilising the buffer system of the plasma. The
viskiog tubing was then held upright and gee driven ocut by pressing the
walls of the tube between the thumb and index fingers. All the equipment
necessary for ultrafiltration was warmed beforehand to 37°C in an incubator,
The visking tube was then knotted at its upper end and introduced into the
ultrafiltration tube so that it rested on the lower end (see figure 16b).
The tube was stoppered and introduced into the centrifuge tube, The
whole apparatus was again gassed with 5% carbon dioxide in oxygen and the
centrifuge tube sealed with parafilm which m&}éimd with adhesive plaster
(see figure 16e). The whole was introduced im a centrifuge bucket and
spun at 540 g, for 5 hours at 37°C.

The centrifuge tube was taken out of the centrifuge bucket and left
to cool to room temperature. The adhesive plaster and parafilm were then
removed and the ultrafiltration tube taken out, leaving the crystal clear
ultrafiltrate/
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ultrafiltrate at the bottom of the centrifuge tube. 0.5 ml., of the
ultrafiltrate was removed by a pipette into a jar for radioactivity counting.

(b) A second portion, 0.5 ml,, of this plasma was pipetted into a
counting jar and used for the estimation of total radiocactivity of the plasma,

(e) A third portion, 10 ml,, and all the plasma of the four post-injection
samples were subjected to the same procedure, i.e. extraction, purification,
chromatography, elution, radicactivity counting and fluorometric estimation
of cortisol in the eluate,

Plasma and ultrafiltrate were counted in a way which wag different from

that described for counting urine or eluates, This was because plasma did
not blend with the phosphor and the incorporation of aleohol as in
counting urine or plasma eluates rendered the solution very turbid. But
plasma can be blended with the phosphor if it is first dissolved in hyamine
solution, 1.5M, Accordingly three counting jars were prepared as follows:

JNop-radic- [IHadicachive Ultrafiltrate [Iyamine Ioluene

active blasma solution phosphor
Rlagma
mlc . mj-c ml, l':'llo ml,
Background 0.5 - - 2 9.5
Plasma - 0.5 - . 2 9.5
Ultrafiltrate - - Ot 5 2 95

Plasma, or ultrafiltrate, to be counted was dissolved thoroughly in
hyamine solution before adding the phosphor. The counting jar was then kept
in the dark in a petri dish containing tap water for 10 minutes to bring it to
the temperature of the castle and then housed in the latter for another 10
minutes/
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minutes before counting started, Background was counted till 4,000 counts
were recorded and all active samples counted till 10,000 counted were
recorded,

Because plasma is invariably not clear, quenching occurs as with urine,
The amount of quenching varies with the different plasmas. Allowance for
quenching was made as follows: after counting the plasma, 0.1 ml, of the
internal standard was added and the (plasma + standard) jar counted again,
The plasma activity was corrected for quenching by multiplying the observed
value by the ratio of actual/observed activity of the standard.

The validity of correction for quenching was tested by an experiment
in which a knowun amount of activity was added to € different plasma samples
and the observed counts were compared to those corrected after using a
radioactive standard.

FPlasma Added Observed Corrected Efficiency
Sample radiocactivity radiocactivity radicactivity
(No.) (epm) (epm) (epm) (%)
1l 250 238 259 103.6
2 250 227 LT 98.8
3 250 236 255 102.0
4 250 218 242 96.8
5 250 221 246 98.3
6 250 21, 252 100,7
7 250 232 250 100,0
8 250 214 257 102.9
96,8 - 103,6

The results (table 8) show clearly that not only is this correction
necessary but also that it is very reliable. Such correction, however, was

not/
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not found necessary with the ultrafiltrate, which was always clear, i.e.
could not produce any quenching; the observed activity of ultrafiitrates
in epm were directly used in the calculations,

Counts of the background were almost always 100 epm (ranged from
96 -~ 104 epm), those of the active samples, after subtraction of the
background count,were about 180 cpm for the plasma, 12 - 28 for the
ultrafiltrate and 400 for the internal standard.

The internal standard was prepared such that the activity of the
combined standard and plasma was always more than double the activity of
the plasma in order to determine the amount of quenching correetly.

After dexamethasone administration counts of the ultrafiltrate in the
great majority of cases approached the background count, thus rendering thelr
value questionable, This problem could not be overcome without adding much
higher amounts of radioactive cortisol to the plasma, The amount of
radiocactive cortisol which was used in this technique raised the plasma
cortisol by less than O,1 pg./100 ml, To obtain comparable counts after
dexamethasone would mean adding measureable amounts of cortisol, which would
significantly affect the results of cortisol estimation and most probably
also affect the proportion of bound to unbound cortisol, thus invalidating
the whole test,

previougly described, from the specific activities of the purified extracts

of the four post-injection samples.
2./
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2, [Llasma cortisol
(a) Correction for gquenching:

Suppose the actual activity of the internal standard added to the
pre~-injection plasma was 400 ecpm, the observed activity of 0.5 ml, plasma,
with added Cu-cortisol, was 200 cpm and that of the plasma plus internal
standard was 520 cpm,

The observed activity of the internal standard, therefore, is
520 - 200 = 320 cpm.

The activity of plasma corrected for quenching equals

Irue activity of gtendard
observed activity of plasma x quenched activity of standard

which in this example equals
mﬁa‘&g = 250 ¢pm/0,5 ml, plasma

= 5000 epm/10 ml. plasma
(b) Correction for losses during extraction and purification;
Suppose the final extract, which corresponds to 10 ml, plasma has a
total activity of 2500 cpm and contains 0,6 pg. of cortisol, The criginal
plasma has an activity, corrected for quenching of 5000 cpm/10 ml. The

recovery is therefore

28 x 10 % = 50
The plasma cortisol, uncorrected for losses is 0,6 pg./10 ml.

(z 6 pg./100 ml,)s The corrected plasma cortisol

= 6::1‘QQ

50 pge/100 ml,

= 12 pg./100 ml.
Correction/
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Correction for losses in this way 1s based on the assumption that the added
radioactive cortisol mixes homogeneocusly with the non-radicactive endogenous
one, so that losses of the radiocactive cortisol should also represent losses
of the endogenous one,
3, lon-protein-bound cortisol (NPB cortisol)

The number of cortisol molecules per unit volume of ultrafiltrate
equals the number of NPB cortisol per unit volume of plasma water. In theory,
the rercentage of NFB cortisol equals the activity in 0,5 ml. ultrafiltrate
expressed as a percentage of the activity of the same wvolume of the
original plasma, with a correction for the protein content of plasma.

Suppose the activity of the ultrafiltrate was 25 cpm/0.,5 ml, The
activity of the original plasma, corrected for quenching, was 250 cpm/0.5 ml.
plasma; this corresponds to an activity of 250 x lg—g cpm/0,5 ml, plasma,
assuming the plasma water content to be 93%. The percentage of NFB
cortisol is then

. ) T -

The amount of non-protein-bound cortisol equals
% NPB cortisol x plasua cortisol
fees 22 x 12 1g./200 ul,
= 1.12 pg./100 ml,
In thie study, data for plasma protein values were not available, Percent
NPB cortisol was caleculated directly from activities of original plasma and

ultrafiltrate, Thus, using the figures of the previous example:
% NPB cortisol = T‘z%% x 100 = 10%

and the amount of NPB cortisol = %'g x 12 = 1.2 pge/100 ml,

Because/
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Because the majority of cortisol in plasma is bound to proteins, the error
resulting from not including a correction for the volume of plasma proteins
is likely to be slight, Mills (1961 a), using the ultrafiltration technique
for estimation of NPB cortisol, did not find it necessary to apply such a
correction,

The theory behind estimation of NPB cortisol in this way is based on the
assumption that radicactive cortisol added to plasma gets in equilibrium with
the endogenously produced cortisol, protein-bound and non-protein-bound, and
that the amount added is too small to affect the cortisol level, or equilibrium,
to any significant extent., Radioactive cortisol used in this study was of
very high specific activity (60 pc./mg.)e Accordingly, the amount added
only raised the plasme level by less than ,1 ;¢./100 ml, Such a very
small amount was assumed not to be able to affect the equilibrium between

protein~- and non-protein~bound cortisocl,

b, in vivo method

Erineile
This is the same as in the in vitrg method, A trace amount of C*-cortisol

wag injected intravenously and 5 blood samples withdrawn., The first of these
gsamples was used to obtain the plasma cortisol and the plasma NFB cortisol
values (see figure 17 a and b)
Equipment and reagents

The same as in the in vitrg method.
Lrocedure

Again, the main steps of this procedure were essentially the same as in
the/
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the in vitro method, 1 pe. A—Cla—cortiaol was used at first as one dose, but
as has been discussed, the activity of the ultrafiltrate was a relatively
small percentage of the total activity of the plasma. This meant that the
counting of the ultrafiltrate was so near that of the background, that the
accuracy of counting the ultrafiltrate and accordingly of calculating the
NPB cortisol was too low, Accordingly, the dose was increased to 2 pec.
and much better results, well within the reliability margin, were obtained,.

Just before administration of the dose, 2 ml, blood were withdrawn from
the patient in a heparinised syringe and plasma separated. 0.5 ml. of this
plasma was used as background in counting the active plasma,

The dose was administered at 9:30 a.m., as deseribed before., At
half hourly intervals, starting 3 minutes after adminigtration of the dose,

5 blood seamples were withdrawn into heparinised syringes, as previousgly
described, with the exception that 40 ml, of blood were collected for the
first sample instead of the usual 20 ml, FPlasmas were immediately separated,

10 mls plasma of the first sample, and all plasma of the other samples
were extracted, washed, chromatographed and the specific activities of their
cortisol content estimated as previously described,

From the remaining plasma of the first sample a 0,5 ml. portion was
pipetted into a counting jar and used for the estimation of the total activity
of the plasma,

A third portion of 5 ml. vas used for ultrafiltration as described in the
in vitro method, Again, all the equipment necessary for ultrafiltration was
warmed beforehand to 37°C in an incubator.

Counts/
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Counts of the background were almost always 100 cpm., (ranged from
96 to 104), those of the radiocactive samples, after subtraction of the
background count weres 178 - 268 cpm for the plasma, A00 cpm for the
internal gtandard and 16 to 40 cpm for the ultrafiltrate.

After dexamethasone suppression, counts of the ultrafiltrate, again,
approached that of the background. This problem could not be overcome
without administering a large dose of radiocactive cortisol which would

result in significant increase of plasma cortisol and probably also in

disturbance of the equilibrium between protein-bound and NFB cortisol,

the specific activities of the second, third, fourth and fifth blood samples
and the application of the isotope dilution expressions, as previously
described,
2. [Flagma cortigol and NPB cortisol were estimated as in the in vitro
method, with the only difference that figures obtained from the first plasma
sample withdrawn after injection of the ClAicortisol in the jin vivo method
were used instead of those of the pre-~injection plasma to which radiocactive
cortisol was added in the ip vitro method.
The theory behind this technique is based on the following assumptionss

(a) that the amount of radioactive cortisol administered to the patient
should be so small that it will not significantly affect either the plasma
cortisol or the proportion of protein-bound to NPB cortisol., This was
verified in the present study by administering a trace amount of cortisol
(about 30 pg.).

(v)/
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(b) that the administered cortisol will get in equilibrium with
endogenous cortisol (protein-bound and NPB), Binding of the injected
radiocactive cortisol occurred rapidly after injection, in fact more
efficiently than in the ip vitro method. This will be evident later, from
comparison of the results of the in vitro ard in vive metheds.

(¢) that the radioactivity contained in the plasma withdrawn after
injection of the GIALcortiaol should be due to cortisol and not to its
radicactive metabolites, This was verified by collecting the first
sample 3 minutes after injection of the radicactive dose; the amount of
radioactive metabolites formed in this very short period should not be
significant,

(d) that the three-minutes' interval between starting the injection
and collecting the first blood sample is sufficient to let the radiocactivity
circulate in the body and get back to the site of venepuncture, This is
indeed the case, since the arm-to-arm circulation takes only about 21
seconds (Bard, 1961),
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SOther chemical tegts

Besides the previously mentioned tests for the direct assessment of
adrenocortical function, other chemical tests were performed for every case
whenever pogsible, These tests include:

(1) Estimation of creatinine excretion (AutoAnalyzer) for correlation
of the total body musculature to the adrenocortical activity.

(2) Tests to exclude renal insufficiency, viz, creatinine clearance
(AutoAnalyzer), blood urea (AutoAnalyzer) and urinary proteins (Albustix,
Ames Co, ).

(3) Tests to detect diabetes, viz. glucose tolerance tests (AutoAnalyzer),
urinary glucose (Clinitest, Ames Co.) and urinary ketones (Acetest, Ames Co.)
(4) Tests to deteet any electrolyte disturbance or alkalosis, viz.
serum or plasma sodium (Flame photometer, EEL), potassium (Flame photometer,

EEL), bicarbonate (AutoAnalyzer),calcium and phosphate.
(5) Tests to exclude liver dysfunction, viz, serum bilirubin, serum

glutamic-pyruvic transaminase, alkaline phosphatase and thymol turbidity.



These included tests of additional diagnostic help such as:

(1) Histological examination of adrenal glands removed from patients
with Cushing's syndrome treated by adrenalectomy.

(2) Haematological examination (haemoglobin, packed cell volume,
mean corpuscular haemoglobin concentration, total and differential white
cell count and platelet count),

(3) X-ray of the chest to detect any enlargement of the heart.

(4) X-ray of the skeleton to detect osteopcrosis.

(5) ZX-ray of the skull for any widening of the sella turcica.

(6) Eleetrocardiography.

(7) Medical photography (anterior and lateral views).

(8) Estimation of total body water from which the lean cell mass and
total body fat could be calculated and correlated to the adrenocortieal
function,

Estimation of total body water was carried out in the Department of
Medical Physics of the Royal Infirmary of Edinburgh and was performed by
the isotope dilution methods deseribed by Langham et al (1956) and Cooper
et al (1958).

Estimation of total body water required the administration of tritiated
water with an activity of 500 pe. As the counter used for Gll’-eounting was
not adjusted to exclude counts due to tritium, it was felt more convenient to
postpone estimation of the total body water of each patient to the end of the
study using Cla-cortiaol.

From/
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From estimation of the total body water, the body lean cell mass (LCM)
and body fat cen be worked out from the following equations (Osserman et al,
1950):
(1) % IoM = Ak
where % LCM 4is the total body lean cell mass as a percentage of
total body weight.
A 1ig the total body water as a percentage of the total
body weight.

k is a constant ( 0 or 1,393).

£2.000
0,718

(2) % Fat = 100 - % ICM
wvhere % Fat is the total body fat as a percentage of total body weight.
Accordingly:
Total body LCM (Kg.)
Total body fat (Kg.)

% LOM x Total body weight (Kg.) and
% Fat x Total body weight (Kg.)
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. _Clinical investigations

Each patien? was thoroughly assessed as follows:

(1) Intft/::?amily history patients were questioned particularly
about obegity, diabetes or any other endocrine disease.

(2) The history of the presenting condition and its duration,
including any menstrual disturbance in females,

(3) Clinical examination

(a) Face, hair, skin (with particular reference to acne, bruising
and oedema).

(b) Muscle development and power,

(¢) Genitals and their development.

(d) Assessment of the degreec of obesity and, if present, the
patient was asked about its duration and a note made of its
distribution,

(e) Assessment of the extent of cutaneous striae, if present,
their colour, distribution and duration,

(f) Examination of the blood pressure.

The surface area of each patient was calculated from the height and
weight as suggested by DuBois and DuBois (1916) from the formulas

Sy = WO4B 5 gO725 o o o0mes
where S.,A, is surface area in square meters.
W is weight in kilograms,
H is height in centimeters,
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Table 9 shows the results of estimation of cortisol production rate
by the blood method in the four groups under basal conditions (see also
figure 18). The results reveal the followings

(a) Zhe miscible pool

There is overlap between the ranges found in the four groups. Statistical
analyses of these results (see table 28) show that the increase of the mean
in the patients with Cushing's syndrome above the mean of either the normal
or obegse group is highly significant.®* No significant difference exists
between the means of the normal and obese groups nor between the 'Cushingoid!
and other groups.s The range in the 'Cushingoid' group is wide.

These results are in agreement with those reported by Hoet et al (1961) who
reported mean values of 1,5, mg., for normal subjects, 1.27 mg. for obese subjects
and a range of 2,3 = 7.3 mg, for patients with Cushing's syndrome. Peterson
and Wyngaarden (1956) reported a lower range for normal subjects, namely 2.4 mg,.

(b)

There is an overlap between the ranges found in the four groups and no

significant differences exist between the means of the normal, Cushing's and
obese group. Only the difference between the means of the Cushing's and
Cushingoid' group is significant.

Figures reported by other workers for the biological half clearance time
of normal subjects are; 60 - 90 minutes (Peterson et al, 1955), 50 = 130
minutes/

* Throughout part III of this thesiss
not significant = statistically not significant (P> 0,05)
significant = statistically significant (0,05> P> 0,0L)
highly significant = statistically highly significant (P <0,01)
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Table (9)
Cortiso oduction rate (blood method
Control estimations
Case Age |Sex |Misecible t3 Rate of Production
pool turnover rate
(.Yrsu ) (mg-) (min,) (pOOl/hr) (mgo/% hr.)
1. Normal group
1. B.A,* 29 M 1,2 63 0.66 20,4
2. R.B,** 65 M 3.1 108 0.38 30,0
3¢ WeJ.** 35 M 1.3 75 0.55 17.5
he W H** 55 M 2.6 72 0,50 31.2
5 M,L,** 42 F 1.6 72 0.57 21.8
6. M,H,** 35 F 1.2 60 0.65 28.8
Te M,R.** 23 F 1.4 54, 0.77 2649
Bange 23‘65 1. 2"""3 " ) 54"1% Oo 38“0. 77 17: 5-31 2
Mean 40s5 1.8 72 0,58 25.2
S.D. 0-74 0011 5.3
S.E, 0,28 0. 04 2.0
2., Cushing's group
a, Operated upon
10, J.A,.* 55 M 7ol 42 0.99 177.6
11, J.T.* 17 F 25 45 0.93 5447
12, M.C.* 36 F 2.9 75 Cu54 37.9
b. Not operated
~ upon
17. C.M.* 18 F 2.6 78 0.54 34.1
Ranga 17"'55 20 5"7 .4 42"'78 0. 53‘0099 34: o1=177 06
Mean 31.5 3.9 60 0.75 7641
_S.D. 2.38 0.25 . 68!3
S.E, 1.19 0e12 34.1
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Table (9) contd
Case Age | Sex |Miscible t3 Rate of Produetion
pool turnover rate
(yrs) (mge) | (min,) | (pool/hr) | (mg./24 hr.)
3. 'Cushingoid' group
18, A.D.* 19 | F 2el 56 0.74 37.0
19, W.C.* 27 M 2.1 92 0445 23.0
20, D M.** 21 | M &eT 105 0.40 45.6
21- T..M.‘ 18 H 2.6 88 0050 31.2
22, GC.h.* 26 F p 19 144 0.29 8.6
23, D.S.** 34 F 2.0 105 0.39 18.7
2. M.K,** 15 F 2.1 63 0,60 30,2
25, D,Y,** 32 | F 2:2 81 0.51 2644
Range 15=34 1.2-4.7 | 56=144 0429-0,74 | 8.6=45.6
Mean 24,0 2.3 91.8 0.49 27.6
B0 1,00 0.14. 11.2
S.E. 0.35 0,05, 3.9
L. Obesge group
26t Ath‘ 34 M 008 50 00& 18'0
27. R.A* 12 M 0.9 3 1,20 25.9
28, T.,A.** 17 M 1.3 60 0,70 22.1
2. C.5,* 1 3.3 110 0,37 28,8
30, H,L,* 31 F 1.9 100 0.41 18,7
31, A,I.** 2, | F 2.3 108 0,38 214
32. O.R.* 20 | F 1.0 78 0.53 13.2
33, M.S.* 1 F 2.3 75 0.55 30.5
Mean 20,8 1.7 76,9 0,62 22.3
6 0.85 0.28 5.8
S.E. 0,30 0,10 2.0

* Dose 1 pe.
¥* Dose 2 pc.
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minutes (Peterson and Wyngaarden, 1956), 81 minﬁtes (Slaunwhite and Sandberg,
1961) and 78 mimutes (Tait et al, 1961). Hoet et al (1961) comparing
normal subjects, obese subjects and patients with Cushing's syndrome reported
a mean of 58 minutes in the normal group (0.88 * 0,34 pool/hr.), 61 minutes
in the obese group (0.72 % 0,19 pool/hr,) and 45 ~ 66 minutes in the patients
with Cushing's syndrome (0,62 = 0,93 pool/hr.).

(e) Sortisol production rate

The normal and obese subjects are narrowly separated from the patients
with Cushing's syndrome; all normal and obese subjects had values below
31.2 mg./2/ hrs, and all those with Cushing's syndrome had values above
34e1 mge/24 hrs., The increase in the mean of the patients with Cushing's
gyndrome above the mean of either the normsl or the obese group is significant.
The range of the 'Cushingoid' group is very wide., Difference between the means
of the normal and obese groups is not significant,

The range and mean of the normal group is slightly higher than those
reported by Peterson and Wyngaarden (1956), namely 12,0 - 29,0 and a mean of
21.0 mg./24 hrs, Hoet et al (1961), however, reported comparable figures;
namely 1.09 * 0,26 mg./hr. (= 26.2 * 6.2 mg./24 hrs,) in a normal group, which
was not significantly different from the mean of an obese group, 0,97 * 0,31
mge/hre (= 23.3 * 7.5 mg./2, hrs.), while a third group of patients with
Cushing's syndrome due to adrenal hyperplasia were in the range of 2.1 = 4.5
ng./hre (z 50,4 = 108,0 mg./2, hrs,) which was significantly higher than
both the normal or obese group. Similarly, Prunty (1961) reported a range
of 39 = 420 mg./24 hrs. in 12 cases of Cushing's syndrome.



Table 10 shows the results of estimation of cortisol production rate

by the urine method and the urinary excretion of 17-ketosteroids and total
17-ketogenic steroids under basal conditions (see also figures 19-21),
In those cases in which the blood method was also performed, all tests were
carried out on the same day to allow comparison between the results of the
four tests that were made.

(a)

Of all the 30 subjects studied, 27 excreted more than 70% of the
radioactive dose, 23 more than 75% and 18 more than 80%. No significant
differences exist between the means of all four groups (see table 28).

The ranges and means for the excretion of radiocactivity after 24 hrs,
were of the same order as those reported by other workers after administration
of labelled cortisol for normal subjects viz, 70 - 82% (Peterson et al,

1955), 75 - 85% (Cope and Black, 1958 a), 68 ~ 95% (Cope and Black, 1958 b),
79 - 94% (Romanoff et al, 1961), 83 - 96% (Flood et al, 1961) and 90% (lLayne
et al, 1962). In a more detailed study, Hellman et al (1954) observed that
15% of the radioactive dose was excreted after 1 - 2 hours, 56% after 6 hours
and 72 - 8,% at the end of 2, hours, Similarly, Migeon et al (1956 a)
observed excretion of 2 - 14% in 2 hours, 25 - 33% in / hours, 40 - 60% in

8 hours, 60 - 70% in 14 hours and 70 = 83% in 24 hours and 80 - 90% in 48
hours,

Gray et al (1962) observed excretion of 86% in a case of Cushing's
syndrome against a range of 65 - 86% in normal aubjecﬁs and Schteingart et al

(1963)/




Control estimation

Case Age | Sex| Dose excretion| S.,A, Production 17-KS Total
first 24 hr | THE rate 17-KGS
(yrs) (%) (cpm/pg) | (mg./24hr.) | (mg./24hr) ((ng./24hr)
l. [HNormal group
8, T, I.* 72 M 73.0 20,0 26,6 11.C Tk
9« SJF.* L2 M 79.6 16.4 29,0 11,2 7.3
2¢ R.B,** 65 M 84.1 95.3 23.7 7.0 19,0
3.  Wod** 35 M 76.5 151.8 13,5 5.0 22,0
4. H.HI*‘ 55 M - - - 1000 18'0
S5¢ M,L.,** L2 F 82.7 187.8 11.6 13.0 4.0
6. M.H,** 35 F 72.6 142.3 12,9 440 10,0
Te MR,** 23 F 84,0 101.1 22.4 10,0 18,0
Ra.nge 23=72 72.6"8401 11;6-29.0 £e0=13,0f 7.,3=-22,0
Mean 46.1 78.9 20,0 8.9 1445
SeDe 4e9 7.1 3.2 5.6
S.E. 1.8 2.7 1.2 2.1
2. Cushing's group
a. Operated
upon
10. J.A.* 55 M 80,0 5.6 107,0 18,7 5449
13. J.M.‘ 31 M 99.0 16.1 3605 £o5 35.3
140 G-F- 27 M e . " - 32.? 45.4
11, J.T.* 17 F 85.9 10,9 62,2 14.2 15.8
12, NM.C.* 36 F 78,0 37.7 2446 10,2 21.8
15, H.1,* 21 F 87.9 16,7 25.2 145 14.2
16. E.S.* 22 F 49,0 11,6 33.8 11,0 12.7
| be BNot operated
upon
17. C.M.* 18 ¥ 92,0 23,6 LT 10.8 29,0
" Range 1755 49.0-99,0 2,46=107,0| 10,2-32,7 | 12.7=5449
SeD. 16,0 29.1 7.6 15.5
S.E. 6.0 12,0 247 5.
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Iable (10) contd
Cage Age |Sex | Dose excretion| S.A, Production 17-KS Total
first 2/ hr, THE rate 17=KGS
(yrs) (%) (epn/pg) |(mg./24hrs) |(mg/24hr) | (ng/24hr)
3. 'Cushingoid' group
18, A,D.* 19 | F 80,8 23.3 33.2 2.3 30,6
19. W,C.* 27 M 69,2 2942 2.1 10,3 20,7
20, D.M,** 21 M 828.9 39.3 412 30,0 30,0
2, TM,* 18 M 87.9 40,4 26,8 A 28.9
22, C.A.®* 26 F 78,0 28,0 13.4 16,7 17.5
23. D.So'.‘ 34 F 73.2 132.7 15.0 S.D 13.0
21&-0 MiKO.. 15 F 76-7 72.6 27.4 12.4 1609
25, DJX,** 32 F 82.8 120,9 18.7 5.0 13.0
Mean 2440 79.6 2L.0 11.5 21,3
SeDe 6.8 9.4 8,6 Ted
S.E. 2.4 33 3.0 2.6
4Le Obese group
26. A.Mo' 34. M 39:6 22.1 1902 - o
27. Re.A* 12 M 8l.3 49.3 15.5 8.6 945
28, T.,A.,*™ 17 M 89.8 152.2 15.8 6.0 22,0
29, 0,5,% 1 F 88,4 34e5 27.7 6.7 13.0
30. HnL-* 31 F 85.8 4701 17.0 8.6 16-3
31l Agl** 24 F 80,8 59.6 22.5 5.0 16,0
32 C Re* 20 ¥ 87.1 527 17.8 b Y 11,7
33, M.S.* 1 F 8345 40,2 19.6 842 12.9
Range 12-34 39.6-89.8 15.5=277 | 540=942 9.5-22,0
Mean 20.8 79.5 2008 7.5 1405
S.Dg lé.L 4,.0 1.5 4.0
S.E, 5.8 1o 0.6 1.5

» Doge 1 pe.
** Dose 2 pc.




(1963) comparing normal subjects, obese subjects and patients with Cushing's
syndrome found that the means of excretion were 84,1, 83,1 and 85,0% for
these three groups respsctively, also with no significant difference between
them, It is elear, therefore, that cortisol metabolism is, firstly, very
rapid and, secondly independent of the state of adrenccortical function,

(b)  Cortisol production rate (CFR)

The levels reached by two of the normal and one of the obese subjects
overlap with those reached by two patients with Cushing's syndrome. The
range of the 'Cushingoid! group is again wide, The mean of the group of
patients with Cushing's syndrome is significantly higher than that of the
normal or the obese group. The difference between the means of the normal
and obese groups is not significant,

The results obtained by the urine method are mostly lower than those of
the blood method especially in the normal group (see table 12 a), The reason
could be that the urine method measured the production rate during 24 hours,
while the blood method measured it between 9:30 and 11:30 ss=. in the morning,
a perlod known to be agsociated with increased adrenal activity relative to
the rest of the day.

Similar figures of CFR by the urine method have been reported by other
workers for normal subjects; namely, 449 = 25.3 mg./24 hrs. (Cope and
Black, 1958 b), 4.2 = 24,0 mg./2, hrs. (Cope and Black, 1958 a), 15.9 = 3l.1
mg./24 hrs, (Romanoff et al 1961), 16.1 * 0.8 mg./2, hrs., mean and S,E.,
(Layne et al, 1962) and 9¢5 = 31.3 mg./2 hrs, (James and Caie, 1964).

Prunty (1961) reported a range of 41 - 111 mg./2, hrs. in a group of
patients with Cushing's syndrome, and Brooks et al (1963) reported a range of
32.0/
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32,0 - 96,0 mg./24 hrs, for cases of Cushing's syndrome due to adrenal
hyperplasia and 39,0 - 82,0 mge/2, hrs., due to adrenal adenoma, against
7.0 = 29,0 mg./24 hrs. in a normel group,

Mlynaryk et al (1962) obtained significantly higher means in obese
subjects than in normals (23.9 * 6.0 mg./2L hrs, against 16,1 * 6,5 mg,/24 hrs,)
and Schteingart et al (1963) also obtained higher means in an obese group
(24446 * 2,92 mg./2, hrs, against 15,07 * 1,3 mg./2, hrs, mean and S.E,).

The difference between these two means was significant, In a third group
of patients with Cushing's syndrome, these workers obtained a mean of
52474 * 5.0 (84E,) mg./2, hrs. which was significantly higher than the mean
of either the normal or obese group. None of their cases with Cushing's
syndrome overlapped with the control group but two cases overlapped with the
obese group and 15 of the 2, obese subjects showed higher-than-normal values.
Gogate and Prunty (1963), however, obtained a range of 10,4 = 37.5 mg./24 hrs.
for an obese group against 7.0 = 29,0 mg,/2/ hrs, for normal subjects with
only 2 obese cases higher than normal,

(¢) Excretion of 17-KS

Marked overlapping occurred among the range of values in the four groups;
the levels reached by 6 normals and 6 obese subjects overlap with those
reached by 4 patients with Cushing's syndrome. Again the mean in the group
with Cushing's gyndrome is significantly higher than either that of the normal
group or the obese group. The difference between the means of the normal and
obege groups is not significant,

The range obtained in normal subjects in this study compares well with
that reported by James et al (1962), namely Le4 = 14.2 mg./24 hrs. (8.7 *
0,833 mean and S.E,)s The sensitivity of estimations of 17-KS as a measure

of/



of adrenocortical activity especially in diagnosis of Cushing's syndrome, has
been doubted by many workers. Levell et al (1957) observed an excretion
of 4e0 = 40,0 mg,/day in 7 cases of Cushing's syndrome; raised value was
noticed only in one case. Cope and Black (1959 a) reported insignificant
rise in Cushing's syndrome (1., times the normal) and very poor relationship
between this method and cortisol production rate estimation; values of 25 mg.
for the former and 10 mg. for the latter or 30 mg. for the former and 225 mg.
for the latter were associasted. These workers stated that the relationship
between CPR and urinary 17-KGS excretion was more encouraging, Prunty (1961)
also reported that the upper limit of normal for this method was _f::o:“!in
6 of 12 patients with Cushing's syndrome and adrenal hyperplasia.

Hoet et al (1961) reported a mean for normal subjects of 13.0 * 3.9 mg./24 hrs.
and 10,0 * 3,6 mg,/2/ hrs., for males and females respectively and 10.4 * 3.7
mg./2/ hrs. for obese subjects and a range of 2,3 - 30.7 mg./2, hrs. for cases
of Cushing's syndrome. Brooks et al (1963) reported a range of 1.0 - 38,0
mge/24 hrs, in adrenal hyperplasia, 9.0 - 20,0 mg,/2/ hrs. in adrenal adenoma
against 4.0 = 17,0 mg./24 hrs. and 6,0 = 26,0 mg./24 hrs. in normal females
and males respectively. Values were raised only in 9 of their 25 cases of
Cushing's syndrome. Gogate and Prunty (1963) obtained similar values for
obese and normals, namely 8.0 = 23,0 mg./24 hrs, for obese subjects, against
LeO = 17,0 mg./24 hrs, and 6,0 = 26,0 mg./24 hrs. for normal females and males
respectively, Only in one obese case was the upper 1limit of normal exceeded.
Baird (1963) reported a mean of 14.5 * 1.9 (S.E.) mg./24 hrs. in an obese
group in some of whom Cushing's syndrome was suspected against 13.7 * 0,76 mg./2, hrs.
in normal subjects. Many of the former group were above normal, but the

difference/
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difference was not significant,

Dyrenfurth et al (1960), however, reported a high mean in Cushing's
syndrome, namely 28.6 mg./24 hrs. and 20,6 mg./2, hrs. for males and females
against 16,4 mg./2, hrs. and 10,9 mg./2, hrs. in normal subjects, and
Borrell (1961) reported a range of 7.3 = 21.5 mg./2, hrs. in Cushing's
syndrome against a normal mean of 6.14 mg./24 hrs., Similarly Rosner
et al (1963) reported elevated values in 3 out of 5 obese subjects, but found
that values in all cases with Cushing's syndrome were higher than normal,

(@) Exeretion of total 17-KGS

Overlapping, more marked here than in the urine method of cortisol
production rate is also present among the range of values of the four groups;
the levels reached by 5 normal and 5 obese subjzcts overlap with those reached
by 5 cases with Cushing's syndrome, but once more the mean in the group of
Cushing's syndrome is significantly higher than either that of the normal or
the obese group. The difference between the means of the normal and obese
groups is not significant,

Other workers, also using the method of Few (1961), reported similar
ranges and means for the normal subjects. Thus Michelakis (1962) reported =
range of 10,1 - 20,5 and 6.3 = 17.4 mg./24 hrs., Rutherford and Nelson (1963)
940 « 17,0 mge/2, hrs. and 7,0 = 12,0 mg./24 hrs, and James and Caie (1964)
766 = 19,5 mge/2, hrs, and 4.9 = 15.1 mg./2 hrs. for males and females
respectively,

Invesgtigators using the 17-KGS method to compare normal, obese and subjects with
Cushing's syndrome reported the following ranges and means, Levell et al

(1957)/
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(1957): 6 = 34 mg./2. hrs. in 7 cases of Cushing's syndrome, 4 of these

showed elevated values, Szenas and Pattee (1959): 5.36 * 0,38 (S.E.) mg./24 hrs,
in 16 obese subjects and 3,49 * 0, mg./2. hrs. in normals, with considerable
overlap in the individual results, Dyrenfurth et al (1960)s 5.45 mg./24 hrs,
and 3,83 mg./2. hrs, in normal agaivrst 14.4 mg./2, hrs, and 11.2 mg./24 hrs.
for males and females in a group of patients with Cushing's syndrome, Ross
(1960): 10 = 46 mg./24 hrs. in Cushing's syndrome against 5.0 - 20,0

mgs/24 hrs. in normals, Few (1961) estimating the ll-oxy- 17-KGS obtained

the range of 7,1 = 13.5 mg./24 hrs, in normals, a mean of 32.4 mg./24 hrs. in
Cushing's syndrome and 16./ mg./24 hrs. in 'Cushing-type of obesity'., Hoet

et al (1961) reported a mean of 11,1 * 3.1 (S.E.) mg./24 hrs. and 9.8 #

2.3 mg./2/ hrs, for normal males and females against 12,0 * 1.3 mg./24 hrs,

for obese subjects and 1345 = 49,5 mg./2, hrs, in Cushing's syndrome, Simkin
and Arce (1962) obtained the range of 5,0 - 18,0 mg./24 hrs. (mean 11.0) in
females and 8.0 = 25,0 mgs/2, hrs. (mean 16,1) in males of a normal group against
a mean of 15,8 * 0,67 mg./2/ hrs, in an obese group of whom those with coloured
striae had a mean of 20,4 * 1.62 mg./2, hrs, These last named workers noticed
that 78% of the obese females with coloured striae had their 17-KGS exceed

the upper limit of normal. Brooks et al (1963) found a range of 8,0 - 28,0
mg./2, hrs, in cases of adrenal hyperplasia and 10,0 = 21,0 mg./24 hrs. in
adrenal adenoma sgainst 5,0 - 18,0 mg./24 hrs., and 6.0 - 22,0 mg,/24 hrs, for
normal males and females respectively; the level was inereased above normal
in 13 of the 25 cases of Cushing's syndrome, Baird (1963) obtained a mean of
19,6 * 1,89 (S.E.) mg./24 hrs. in an obese group, in some of whom Cushing's

syndrome/



syndrome was strongly suspected, against a mean of 15.6 * 0,71 mg./24 hrs.

in normal subjects. The majority of levels in this obese group were beyond
the normal range. Schteingart et al (1963) also obtained a mean of 8,97
1467 mge/24 hrs, (5.Ds) in an obese group against 5.37 * 0.55 mg,/24 hrs.

in normals (the difference was signifiecant) and 13.97 * 2.3 mg./24 hrs. in

a group of Cushing's syndrome. The mean in the last group was significantly
higher than ia normal or obese groups, but considerable overlapping occurred
among the ranges of the three groups.

Gogate and Prunty (1963), however, reported a range of 8.0 = 16,0 mg,/2/ hrs.
in an obese group against 5.0 - 18,0 mg./24 hrs, and 6,0 = 22,0 mg,/24 hrs, in
normal females and males respectively; all the obese subjects were within
the normal range.

Commenting on the sensitivity of the 17-KGS egtimations, Cope and Black
(1959 a) reported poor correlation between this estimation and estimations of
cortisol production rate; in low, normal or moderately raised adrenal activity,
the relationship was poor. Frunty (1961) stated that cortisol production rate
estimations are more sensitive than 17-KGS estimations; recovery of cortisol
as 17-KGS was between 12 - 46% and that levels in Cushing's syndrome were
slightly elevated or within the upper limit of normal in 6 out of 18 cases.
Grant (1963) also believes that the correlation between these two measurements

is not always very good.
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CONTROL ESTIMATIONS AND ESTIMATIONS AFTER ACTH




Table 11 shows the results of estimation of cortisol production rate by

the blood method in the four groups after ACTH stimulation (see also figure
18).
(a) ZIhe miscible pool
The range of the normal subjects is clearly separated from that of the
patients with Cushing's syndrome at the range of 12,1 - 13,8 mg, as all normal
subjects have values below 12,1 mg. whereas all patients with Cushing's
syndrome have values above 13,8 mg. There are overlapa‘::;m¢ the other
ranges, The increase of the mean imr the group of patients with Cushing's
syndrome above the means ég?;ithar the normal or obese group is significant.
lo significant difference exists between the mean ef the normal and obege
groups nor between the 'Cushingoid! and the other groups. In each group,
however, the rise of the mean above the corresponding control mean is highly
eignificant (see tables 9, 28 and 29).
(b)
There are marked overlaps amonf the ranges of the four groups, In

estimations of the rate of turnover, only the mean of the 'Cushingoid! group
is significantly lower than that of either the normal group cr the group of
Cushing's syndrome. However, the difference between the mean of each group
and its corresponding control mean is signifiecant in the group of Cushing's

syndrome and the obese group and highly significant in the normal and 'Cushingoid!

group denoting inereased rate of turnover after ACTH stimulation.
(¢) Cortisol production rate
After ACTH, the normal and simple obese subjects are widely separated
from/
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from the patients with Cushing's syndrome., The increase in the mean of the
group with Cushing's syndrome above the mean of either the normal or of the
obese group is highly significant, It is also significantly greater than
that of the "Cushingoid! group. Differences between the means of the normal
and obege groups are not significant, However, the rise in the mean in each
group, after ACTH, over its corresponding control mean (see table 9) is
highly sig:nificant.

Expressing the results of cortisol production rate estimation as "increase
above the control value" in mg., results again in overlap, but still the
difference between the mean of the group with Cushing's syndrome and that of
either the normal or obese groups is highly significant, Differences between
other means are not significant, On the other hand, expressing the results
of cortisol production rate estimation as "percent increase above the control
value", results in marked overlapping, and the differences between the means of
any of the four groups is not significant, Thus, it seems best to record results
of CPR after ACTH stimulation simply as the absolute value reached after
stimulation and not as the increase over the control value,

Comparison of these results with thoge obtained by other workers cannot
be made, because this dosage of ACTH has been used for the first time in the
present study. DeMoor et al (1961 a), however, stated that the biological
half clearance time was prolonged after ACTH (2?4 minutes against 163 in the
control estimations) which is not in agreement k.g“the present finding of
significant shortening of this period. Peterson and Wyngaarden (1956) and
Hoet et al (1961), on the other hand, found that the rate of turnover did
not/
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not significantly change from the control value. The latter workers found
no difference between the miseible pools of normal and cbese subjects

(1447 * 5.6 mg. against 13.4 * 4.7 mg.) on the first day of ACTH stimulation
(intravenous infusion of 25 I,U, over & hrs.) but a much larger pool was
noticed in 3 cases of Cushing's syndrome (41s2 - 5945 mg.). On repeating
the test on the second day the values for the three groups were 19,7 *

5¢3 mZey 241 * 4.9 mge and 4942 = 59.0 mge respectively. Accordingly

the production rates as calculated for the three groups were 7.56  2.54
mge/hre (= 181444 * 60,96 mg./24 hrs.), 8.4 * 3,0 mge/hr. (z 201.6 * 72,0
mge/24 hrs.) and 26,7 = 51.5 mg./hrs (= 640 - 1238 mg./2, hrs,) for the
first day and 12,2 % 2.5 mg./hr. (= 292.8 * 60,0 mgs/24 hrs.)y 141 % 3.5
mge/hrs (= 33844 * 8440 mge/24 hrse) and 41.9 = 50.1 mg./hr. (z 1005 - 1202 mg.
/24 hrs,) for the second day., Although values of the second day of ACTH
stimulation are higher than those obtained in the present study the normal
and obese subjects show similar means while casecs of Cushing's syndrome show
nore hyper-responsiveness. lNugent et al (1963) had stated that 110 pg./Kg./hr.
is the rate at which normal subjects produce cortisol in response to maximal
stimulation with ACTH for 6 hours. This corresponds to about 160 mg./day
for a 60-Fg. subject, Values obtained in this study were higher, which
indicates that the dosage of ACTH used by Nugent and his co-workers were
inadequate to produce maximal stimulation of the adrenal cortices.
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FIGURE 19: CORTISOL PRODUCTION RATE (URINE METHOD)

CONTROL ESTIMATIONS AND ESTIMATIONS AFTER ACTH




Table 12 shows the results of estimation of cortisol production rate by

the urine method after ACTH stimulation (see also figure 19). Whenever the
blood method was performed, the urine method was carried out on the same day
for the sake of comparison.
(a)

Again, of all the 27 subjects studied, 21 excreted more than 70% of the
radioactive dose, 20 more than 75% and 17 more than 80%, No significant
differences existed between any two means of all four groups nor between the
mean of any group, after ACTH stimulation, and its corresponding control mean,

Cope and Black (1958 b) reported excretion of 58 = 89.5% (mean 76.4) of
a radiocactive cortisol dose in the first 24 hrs. in normal subjects which is
in agreement with the present findings. |

(b)  Cortisol production rate

The normal and obese subjects were again clearly but narrowly separated
from the patients with Cushing's syndrome; the upper limit of the normal
group did not overlap with the lower limit of the group of Cushing's syndrome,.
The mean in the group of Cushing's syndrome is significantly higher than that
of either the normal and 'Cushingoid' group and the difference between the means
of the group with Cushing's syndrome and the obese group is highly significant,
The difference between the means of the normal and obese groups was not
gsignificant, Again, the increase in the mean of each group, after ACTH
gtimulation, over its corresponding control mean is highly significant,

Expressing the results of cortisol production rate as "increase above the
control value® in mg., results in overlapping among the ranges. The
difference/
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CFR control CPR ACTH
Case mg./2/ hrs. mg./2/, hrs.
Blood method Urine method Blood method | Urine method
1, Normal group
2+ ReBs 30,0 23.7 -~ -
3. W.d, 17.5 13.5 250 134
4. H.H. - - 21.6 179
5 MeLe 21,8 11.6 226 199
6. M.H, 28.8 12,9 218 246
7. M.R, 2649 22,4, 269 263
2. Cushing's group
10, J.A, 177.6 107.,0 350 26/,
11, JoT, 547 6242 631 355
12, M,C. 37.9 2446 501 450
17- coMo %-1 M.? _— -
3. 'Cushingoid' group
18, A.D, 37.0 332 359 155
repeated 31,0 3641 614 268
19, W.C, 23.0 2,1 451 155
20, DM, 4546 4le2 195 106
2le ToM, 31.2 26.8 187 137
22| G.A. 8.6 13i4 kol oot
23, D.S. 18,7 15,0 233 133
2L« MK, 3042 274, 241 26
25. D.Io 26.4 18.7 " -
4e CObese group
26, AJM, 18,0 19,2 118 148
27 Rele 25.9 15.5 195 90
28¢ Tehs 22,1 15.8 199 84
29. CeSa 28,8 277 269 243
30, H.L. 18.7 17.0 233 42
31. AW, 21l 2R..5 199 e7
32. C.R. 13,2 17.8 168 118
33. M.S. 30.5 19.6 169 58
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difference between the mean of the group of Cushing's syndrome and the obese
group is highly significant, whereas the difference between any other two
means is not significant. Again expressing the results of cortisol
production rate estimation as "percent increase above the control value",
results in marked overlapping and the mean of the normal group is significantly
increased over that of both the 'Cushingoid! and the obese group. Thus it
seems best to describe the results of ACTH stimulation in terms of abgolute
value reached after ACTH stimulation,

Comparison between these figures and those of other workers is impossible
because of the unique dosage of ACTH used in the present study.

Comparison of the cortisol production rates obtained by blood and urine
methods in individuals reveals a discrepancy; the values given by the
blood method were on the whole higher than those given by the urine method
(see table 12, &8)s Administration of ACTH in 6 doses instead of 5 did
not rémove the difference; the results of the urine method remained well
below those of the blood method, This suggests that a plateau of increased
cortisol secretion must have been attained after 5 doses of ACTH,
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5

Table 13 shows the results of estimation of wrinary 17-ketosteroids

and total 17-ketogenic steroids after ACTH stimulation (see also figures 20
and 21), Whenever cortisol production rate was estimated, these tests uere-
carried out on the same day for the sake of comparison.
(a) Excretion of 17-KS

Overlapping exists except between the normal and obese group; values
in 5 normal subjects and in 4 obese patients overlap with those of 3
patients with Cushing's syndrome, The inerease in the mean of the normal
group over that in the obese group is highly significant and the increase in
the group of Cushing's syndrome over the obese group is significant. No
significant difference exists between the means of the normal group and the
group of Cushing's syndrome nor between that of the 'Cushingoid! and those
of the other groups. Congidering the rise in the mean of each group, after
ACTH stimulation, above the corresponding control meanq;highly significant
difference exiata'ézrths normal grou;yzéignificant difference exists I the
obese group but no significant difference exists im either the group of
Cushing's syndrome or the 'Cushingoid' group. It was observed in one
patient with Cushing's syndrome and in one obese subject that the value of
17-KS excretion after ACTH was lower than the control value which is em
evidence that this method does not reflect the actual state of adrenocortical
function,

Expressing the results of 17-KS excretion as "increase above the control
value" in mg., results in marked overlap and only the differences between the
means of both the normal and 'Cushingoid' group and that of the obese group

is/
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is significant. Again, expressing the results of 17-KS excretion as
"percent increase above the control value", results in a more marked
overlap and the difference between any two means of the four groups is not
significant.

(b) Zotal 17-KGS excretion

Overlapping is present except between the ranges of normal and obese
groups, Values in 5 normal and 2 obese subjects overlapped with those
of 3 patients with Cushing's syndrome, The increase in the mean of the
normal group over that of the obese one is highly significant, the increase in
the mean of the normal over that of the 'Cushingoid' group and in the mean
of the patients with Cushing's syndrome over that of the obese group is
significant, No significant difference exists between the means of the
normal subjects and the patients with Cushing's syndrome, The increase in the
mean of each group, after ACTH,over its corresponding control mean is highly
significant,

Expressing the results of total 17-KGS exeretion as "increase above the
control value" in mg, shows overlapping among all means, but the difference
between the mean of the normal group and those of both the 'Cushingoid' and obese
group is highly esignificant, Expressing these results as "percent increase
above the control value", produces marked overlapping among the mean of all
four groups and only the difference between the mean of the normal group and
those of both the 'Cushingoid'! and obese groups is significant, Expressing
the results as their absolute values, therefore, provides the most useful
information, This agrees with the finding of Beck et al (1962) who found
gignificant increase of 17-KGS excretion, after ACTH stimulation, of the

mean,/
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mean between a normal group and a group of Cushing's syndrdme, but when the
results were expressed as increase in mg. over control the means overlapped
and when expressed as percent increage over control value the normal mean was
nearly double that of the Cushing's.

It has been known for a long time that the relationship between CFR and
urinary steroid excretion gets even poorer at higher secretion states., Cope
and Black (1959 a) reported that at high rates of adrenocortical setivity,
the excretion of 17-KGS is approximately half the CPR, James and Caie (1964),
employing the same method used in this study (Few, 1961), reported that 17-KGS
values were 78 - 92% of CFR up to 35 mg./day but only 26 - 55% of it above
thats They suggested that the decreased conversion of cortisol to 17-KGS
at high secretion rates might be due to increased formation of metabolites which
were not determined ag 17-KGS, i.e. probably polar metabolites,

No detailed comparison can be made with figures obtained by other workers,
comparing normal subjects, obese subjects and patients with Cushing's syndrome,
because of the different dosage of ACTH, Poisnick and DiRaimondo (1956),
however, noticed a 30% increase in the mean of an obese group above that of a
normal group, but the ratio of the stimulated to the basal levels were the
same in both groups.

Birke et al (1960) reported that in cases of Cushing's syndrome due to
hyperplasia of the adrenal cortex, the upper limit of normal was exceeded, but
they observed only a weak response in adenoma and ro response in adrenal
carcinoma, They suggested that the increase in patients with hyperplasia was
due/
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due to the presence of an increased functioning mass of the adrenal cortex.
These workers found that 17-KS estimations were less sensitive than 17-KGS3

two patients with adrenal hyperplasia and the patients with adrenal adenoma
showed normal resting excretion and normal response to ACTH stimulation, They
concluded that the usefulness of 17-KS or their variation from day~-to-day

in patients with Cushing's syndrome due to adrenocortical hyperplasia was
limited.

Dyrenfurth et al (1960) obtained significantly higher results for 17-KGS
exeretion in Cushing's syndrome than in normals, 17-KS determirations were
again less sensitive, Hoet et al (1961) obtained identical means in mormal
and obese subjects after ACTH stimulation but much higher levels in Cushing's
syndrome, Rosner et al (1963) also reported a normal response to stimilation
in obege subjects and Baird (1963) noticed that the level of 17-KGS after
ACTH, in an obese group, rose but that the rige was slight, Gogate and
Prunty (1963) also observed normal adrenal response in an obese group after
ACTH stimulation, as measured by both 17-KGS and 17-KS estimations; the latter
test was as usual less sensitive than the former.

The most brisk response of 17-KGS to ACTH stimulation in the present
study was obtained in case 12 (M,C,) who later on at operation proved to
have nodular hyperplasia with adenomata. Nabarro et al (1958) also observed
unexpected respenses of supposedly autonomous tumours, and Prunty (1961)
stated that one of his patients with adenoma responded well to ACTH,
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Table 1, demongtrates the results obtained after dexamethasone

suppression, None of the subjects of the normal group was studied by this
parameter, In each case included in table 14, an attempt was made to
estimate the cortisol production rate by the blood method, but suppression was
so marked that the fluorometric readings of the eluates of the plasma
chromatograms were (except in one case, J.A,) the same as that of the paper
blank., Accordingly, it was not possible to estimate the specific activities
of the blood samples from which the production rate could be calculated, Only
in one patient in the group of Cushing's syndrome (case 10, J.A., after
unilateral adrenalectomy) suppression was not so marked and estimation of a
production rate of 33.6 mg./2, hrs., was made possible from a miscible pool of
1., mg. and a rate of turnover of 0.99 pool/hr, (biological half clearance time
42 mimites). This represents a drop of about 65% and 32% of the pre-operative
value for the miscible pool and CPR respectively,

()

Again, of all 16 subjects studied, 15 excreted more than 70% of the

radioactive dose, 13 more than 75% and 11 more than 80%. No significant
difference exists between any two of those means and no significant difference
exists between the mean of any of these groups, after dexamethasone, and its
corresponding control mean,
()
Marked suppression occurred in all cases except case 10, (J,A., see also

table 22)., The difference between any two means is not significant. However,
the/



Case Age Sex |Dose exeretion Seh CFPR 17-KS Total
first 24 hr THE 17-KGS
(yrs) (%) (cpn/pg) | (mg./24hr) | (mg./24hr)| (mg./24hr)
2, Cushing's group
a, operated
upon
10, J.A.**| 55 M 725 16,7 9.5 3.0 15.7
3l. TiTs 17 ¥ 8l.9 28445 3.1 4.0 5.2
12. M.G. % F 83'3 157.7 3.7 - -
Range 17—55 72.5-83-8 3-1"39.5 300-1400 502"'1507
Mean 36 79-4 1504 305 10,5
S.De 6.0 20,8 0.7 Tk
S.E, 3ed 12,0 Osd 502
3. 'Cushingoid! group
18, A.D. 19 'F 91,4 5346 3k 1.0 PIA
19, W.C. 27 M 91.5 430,0 2.0 Le7 6.7
20, D.M, 21 M 8648 84644 1.7 640 5.0
21. -T.M. 18 M 81:.3 232.6 3-7 - e
23e DeS.* 34 F 81.6 2009,6 1.1 2.0 1.0
R&nge 18""34. 81.3"91!5 lcl"‘307 100—6.0 1. 0“'6.7
Mean 24 86.5 el 34 3.8
S.D' 5.0 1.0 2.3 2.5
S.Es 2e2 0.l 1.1 1.1
4e Ubese group
26, A M, 34 M 7845 2060 4e0 - -
27 Hiks 12 M 79.7 626.5 1.2 2.8 1,1
28, T.A, 17 M 88,7 928.9 25 3.0 5.0
29, Ca.8. 1L P 72,0 306,9 2.5 Te? be3
30, ‘H,L. 31 F £5.3 238.4 2.1 3.8 Le?
31l. A, L* 24 F 83.2 4337 5.0 3.0 5.0
32. C.R. 20 F 48.6 %.0 7.8 3.7 2!5
33. HM.S. 1L F 8744 405.5 2.0 2.5 3.8
Range 12—3!.. ) 48.6-88.7 1.2-7.8 2.5"‘7.2 1.1‘500
Mean. 20,8 779 34 3.7 3.7
S.D, 13,0 2,0 1.6 1.6
SeEe 4o Ca7 0.6 0.6

L

Dexamethasone was administered to these patients 4 times daily for 2 days and
estimations carried out on the second day.
dexamethasone was administered 4 times daily for 2 days and once on the
morning of the third day and estimations carried out on the third day.

Egtimations carried out after unilateral adrenalectonmy,

To all the other patients
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the drop in the mean from its corresponding control value wes highly
gignificant in the 'Cusghingoid' and obese groups but not in the group with
Cushing's syndrome (see table 29),

No attempts were made by other workers to estimate CFR after dexamethaszone
suppression,

(e) 17=KS excretion

Marked suppression occurred in all cases and there was no difference
between any two means after suppression, There is, however, a significant
drop of the mean in the group of Cushing's syndrome from its corresponding
control value, and a highly significant drop in the obese group but there was
no significant drop in the 'Cushingoid' group,

() Zotal 17-KGS excretion

Marked suppression occurred in all cases except case 10, (J.A.). All
the cases in the obese group, however, had values below 5.0 mg./24 hrs, whereas
the two cases of Cushing's syndrome were above 5.2 mg./24 hrs. The difference
between the means of the group with Cushing's syndrome and the obese group is
significant, and the fall in the means of both the 'Cushingoid' and obese
groups from their corresponding control means are highly significant, but the
change is not significant in the patients with Cushing's syndrome,.

It can be observed from examination of the individual cases in table 14 that,
ingpite of changing the dosage of dexamethasone to & doses instead of 9, and
performing the test on the second day instead of the third, marked suppression
still occurred, denoting that a plateau of diminished cortisol secretion must
have been attained, starting from the second day of suppression with dexamethasone.
The markedly low excretory values either on the second day (8 doses) or on the
third/



third day (9 doses) denotes that this plateau of diminished cortisol secretion,
and accordingly the effect of dexamethasone administration, could last to the
end of the third day, even though the last dose was administered on the morning
of that day,

Marked suppression of urinary 17-KGS in obese subjects with the smaller
dosage (0.5 mg. every 6 hours for two days) have been reported by Simkin and
Arce (1962), Slater et al (1962), Gogate and Prunty (1963), Rosner et al
(1963) and Baird (1963) to values below 4 mg./day. Slater et al (1962)
reported that cases of Cushing's syndrome always exereted values above 5 mg./day.
Schteingart et al (1963) noticed that obese subjects were suppressed to 2.5
mge or less, while patients with Cushing's syndrome exereted not legs than
33 mge/24 hrs, Other results which support the usefulness of the dexamethasone
test in diagnosing cases of Cushing's syndrome were obtained by Brooks et al
(1963) who noticed that their cases of Cushing's syndrome, except one, failed
to suppress in response to dexamethasone. Their 17-KS values were less
sengitive; the changes in 17-KS excretion following dexamethasone suppression
were much more variable, and the test was of less diagnostic value then
17-KGS determination.

Liddle (1960), who was the first to suggest the use of dexamethasone
(0.5 mg./6 hrs. for 2 days then 2 mg,/6 hrs. for another 2 days) as a useful
tool in diagnosie of Cushing's syndrome, reported that normal subjects excreted
2.5 mg, or less/day, and patients with Cushing's syndrome due to hyperplasia
4e0 = 35,0 mg./day after dexamethasone, In another group of cases suspected
of suffering from Cushing's syndrome, Liddle (1960) observed basal steroid
levels which were higher than normal, and in this group excretion after

dexamethasone/
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dexamethasone was as low as 1.0 = 4.0 mg./day. He concluded that there were
different resistances to suppression by dexamethasone in patients with
bilateral adrenocortical hyperplasia, and that extreme cases might be
encountered in which normsl suppression with small doses or complete resigtance
to the large dose might be found, He also concluded that this test did not
distinguish adrenal hyperplasia from tumour, but rather ACTH=-dependent
hyperadrenocorticism from autonomous adrenocortical hypersecretion, and
accordingly that this test was not in itself sufficient evidence to justify a
diagnosis of Cushing's syndrome; definite clinical features and elevated levels
of cortisol metabolites should be present to justify the diagnosis, Liddle
further stated that spontaneous dimimution in adrenal secrctory activity might
coincide with administration of the suppressing agent, leading to a mistaken
impression, and he recommended repetition of the test to make sure of its
results, He noticed that 17-KS excretion did not fall as readily as the 17-KGS.

Dyrenfurth et al (1960), using 9a=FF, noticed some degree of suppression
but there was no difference between patients with Cushing's syndrome and normal
individuals, and Prunty (1961) observed that the suppression was very variable in
a group of patients with Cushing's syndrome due to adrenal hyperplasia. He
noticed also that a patient with adenoma responded well, This last observation
supports the finding in the present study of marked suppression in a case of
Cushing's syndrome with nodular hyperplasia and adenoma (Case 12, M.C.).

From the findings of the present study, the author believes that suppression
of total 17-KGS with dexamethasone, at the best, separates normal and obese
subjects on one hand from cases of Cushing's syndrome on the other, but that the
separation may not be marked, In table 14, the lowest value for 17-KGS in

a/
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a patient with Cushing's syndrome, following administration of dexamethasone,

was 5.2 mg./24 hrs., and the highest value in an obese subject was 5,0 mg./2, hrs;
the difference between these two being within the limits of experimental error.
By contrast, the separation after ACTH as measured by CPR (blood method), is
"magnified” to the wide range of 268 - 350 mg., thus rendering the latter
technique much superior as a means of differential diagnosis,
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Comparison of the results of cortisol production rate estimations in

individual cases shows a discrepancy between the blood method and the urine
method in the control estimations and, more markedly, in the estimations after
ACTH (see table 12 a)s It was mentioned in the deseription of table 12 that
the dosage of ACTH was not responsible for this diserepancy. It was considered
desirable to investigate whether caleculation of cortisol production rate by the
blood method from a double compartment model could explain this discrepancy.

For estimations from the double compartment model, two extra blood
samples were withdrawn in the interval O - 30 minutes, after injection of the
radioactive cortisocl;y their time of withdrawal was recorded snd their specifiec
activities estimated as usual, The slope of the first part of the graph
(S+As against time) could be drawn by joining these two specific activities and
that of the blocd sample withdrawn at 30 minutes af'ter injection of the dose
into a straight line, and extrapolating it back to zero time specific activity
on semilogarithmic graph. Cortisol production rate could then be calculated
from the appropriate formula (see Introduction, Chapter II). Caleulation of
the volume of distribution (immer and outer pools) was made from plotiing the
proportion of the injected radiocactive cortisol, recovered in these blood samples,
on a similar graph (see also Introduction, Chapter II),

Iable (15)
Cort (o)
1 JULL).] 858 ] 1015 OTill L LIEe S LLLCLL )

Double compartment Single Urine
Compartment method

e VoZumn & d&gtﬁb‘l“i‘m CER CPR CER

inner pool | outer pool | (mg./24 hrs) | (mg./24 hrs.) |(mg./24 hrs.)
7« M.R. 6.6 16.6 25.8 2649 22.4
e MoKe 645 20,2 29.5 30,2 274
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Table 15 shows the results of estimation of cortisol production rate from
single and double compartment models, together with that calculated from
the urine method, in one subject from the normal group and in another from
the 'Cushingoid' group., Estimations from the double compartment model were
only 1,1 mg./24 hrs. (4%) and 0,7 mg./24 hrs, (2,3%) lower than estimations from
the single compartment model in the first and second cases respectively.
Egtimations from the double compartment model were still well above those of
the urine method, This means, at least in these two cases, that estimatlons
from a single compartmen! are quite accurate for estimations of control cortisol
production rates, and that the presence of more than one compartment does not
explain the whole of the discrepancy between the blood and urine method, at
least in the control estimations,

Hoet et al (1961) stated that, if more than one compartment_éxists, the
changes of tho miseible pool are too slow, in relation to the duration of the
experiment (2 hours), to influence the results to any significant extent,

No attempt was made in this study to investigate the significance of this factor
after ACTH stimulation, Hoet et al (1962) also suggested that in secretion of
elevated amounts of cortisol, such as after ACTH stimulation, transcoriin is
saturated and the free cortisol constitutes an important fraction of the total
pool, which is associated with a great increase of volume of distribution,

These workers suggested that free cortisol, in these conditions, enters the
intracellular space (a second compartment), They concluded that equilibration
between the two compartments, if a second one exists, must occur; if this is
glow, other calculations must be used, but, if it is rapid, caleculation from a
single compartment will be quite accurate,

The/
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The volume of the inner pool was almost identieal in the two cases
studied but the volume of the outer pool was larger in the second case, which
suggests that a larger volume of distribution of cortisol exists in obese
subjects, Peterson (1959 a) reported an inner pool of 6 and an outer pool
of 16 litres in normal subjects, and Tait et al (1961) é and 13 litres
respectively., Hoet et al (1962) reported an outer pool of 14.77 in normal
subjects but a 13.45 litre in obese ones, and Gray et al (1962) reported a
velume of distribution 67 litres in a case of Cushing's syndrome due to

hyperplasia,.



Case 18 (A.D,) was classified in the 'Cushingoid' group on account of
the uncertainty of thic c¢linical features, in spite of a higher than normal
control cortisol production rate and a hyper-response to ACTH stimulation,

It was decided to observe the patient for a while to see if there was any
deterioration, or improvement, in her clinical condition, Five months
later, an exacerbation of the clinical condition necessitated re-admission,
and tests of cortisol production rate and stercid excretion were repeated
to see if there had been any change that would parallel the worsening of the
clinieal condition,

Examination of table 16 shows that in the second control egtimation,
the miscible pool and rate of turnover were almost the same as in the first
control estimation and the production rate of cortisol by the blood method,
which was first slightly higher than normal, dropped to the upper limit of
normal, FProduction rate by the urine method, which was slightly higher than
normal on the first occasion, was more abnormal on the second occasion, The
urinary 17-KS excretion was almost the same but a marked drop of the total
17-KGS excretion had occurred,

After ACTH, a marked increase of the cortisol production rate by the
blood method occurred in the second estimation and the new level was high up
in the range observed for other patients with Cushing's syndrome, The
miseible pool, which in the first estimation had been high up in the Cushing's
range, rose slightly more but the rate of turnover increased markedly in
the second estimation, Cortisol production rate by the urine method followed
these changes, though to a lesser extent, by increasing from a level well in
the/
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the normal range to just above it. Although 17-KS exeretion increased
nearly three-fold, the new level was still well within the normal control
range, and the total 17-KGS exeretion even dropped in the second estimation
but the level after ACTH stimulation in both cases was much higher than the
corresponding control level,

Marked suppression after dexamethasone occurred in all tests, being
more marked on the second occasion despite the fact that dexamethasone was
given for 8 doses instead of 9 and that estimations were carried out on the
second day instead of the third.

The striking difference, therefore, between the first and second
estimations was the marked hyper-response in the cortisol production rate to
ACTH in the second estimation especially as estimated by the blood method.
Because of the worsening of the clinical condition of this patient, supported
by the new laboratory findings, a final diagnosis of Cushing's syndrome was
agreed upron and it was decided to treat this patient by adrenalectomy.
Unfortunately further deterioration of the psychological symptoms occurred,
which necessitated transfering the patient to a mental hogpital, and surgery
wag postponed for the time being.

S5imilar observations were reported by Schteingart et al (1963), who
found that cortisol production rate in a petient suspected of having Cushing's
syndrome was below the range for this clinical condition, When the test
was repeated three months later, the results fell clearly within the

range for Cushing's syndrome.



9. XRatbern of urinary 17-KS excretion

Table 17 and figure 22 provide information about the daily excretion
of 17-KS for the four groups, both under control conditions (repeated
estimations) and during ACTH and dexamethasone administration.

(a) GControl egtimationg

The mean in the group of patients with Cushing's syndrome is higher than
that of either the normal or obese group and the mean in the obese group is
similar or even slightly lower than that of the normal group. Marked
overlapping of the ranges is noticeds In individual cases, however,
wide variation and marked day-to-day fluctuation occurred mostly in the
group with Cushing's syndrome, and to a lesser extent in the 'Cushingoid!
group. Less variation and fluctuation occurred in the normal and in the
obese groups.

(b)  Duping ACTH adpinigtration

Maximum stimulation occurred, in the normal group, on the second and
third day. In the group of Cushing's syndrome maximum stimulation occurred
on the third day and in one case on the first daye In the 'Cughingoid' group,
maximum stimulation occurred mostly on the third day but gometimes also on the
second or first day of ACTH administration, In the obese group maximum
excretion was noticed on the second day. Again, examination of individual
cases showed marked variation and day-to-day fluctuation in the group of
Cushing's syndrome and the 'Cushingoid' group, and relatively mere uniform
patterns in the normal and obese groups. The highest excretory values were
recorded for patients with Cushing's syndrome and for the 'Cushingoid' group.

The occurrence of maximum stimulation on the second day in many cases

is/
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Table (1

Pattern of 17-KS excretion under control, stimjlation and suppression states

Case Age Sex Control estimations ACTH s;:imla.tion Dexam, at(xppm:;sion
(y7=) ' = I -l F1 = il 3 T |
1, Normal group
2+ BB, 65 M 7.0 4.0 g
5. W.J.* 35 M 5.0 6.0 3.0 4.0 11.0 13,0 4.0
Le W.H.* 55 M 10,0 16.0 24,0 4.0 17.0
5. M.L.* L2 F 13.0 15.0 |11.0 12,0 22,0 4.0 30.0 1.0
6. M.H.* 35 F L.0 4.0 | 6.0 6.0 13.0 31.0 15.0
T R 23 F 10.0 9.0 9.0 18.0 36 18.0 16,0
range 2365 4.0 = 13,0 ‘ 6.,0-12,0 | 4+0-22,0 | 11.0-31,0 |1%.0-31.0| 4.0-17.0
mean 42.5 7.85 7.5 14.6 20.0 21.2 13,2
2. Cushing®s group
a, Operated upon
10. J.Ae 55 M 18.7 13,8 9.7 279
repeated®* 4.8 2,9 2.9 540 545
13 Jods 3 M 2245 22.4 |22.9 |24.0
]Jh GOF. 27 H 52.7 1209 2.8 1-105 15!1 506
11, JaTs 17 F 1,2 42.0 22.1 3344 5.7 40
12, M.C. 36 F 5.6 10,2 275 161 18,6 | 6.4
15. H.Jde 21 F 14.5 15.6 [14.5 6,0
16, E.S. 22 ¥ 11,0 9.5 9.8 22s3
b. Not operated upon
17. CoMe 18 F ll.l 2.2 10.6 908' 16.9 1?.6 16.9 22-? 1?.6
me 1?"55 202 b= 3207 ' 16.9-22l1 9-?"}3.&- 15.?"2709 2.9-16.1 _}.Jq.-b..o
mean 28,53 15.23 19.5 233 20.4 9.5 345
3e¢  'Cushingoid’ group
18- A.D. 19 F 2-‘!- 5.1 5-‘1— 2-5 10-02 506 20? 500 5‘5 3.2 100 }09
repeated® 1.0 3.0 | 2,0 8.0 9.0 15.0 12,0 340 4.0 |1.0 — 1.0
19 Walle bt M 10.3 6s1 | 9.1 8.2 18.4 18.4 Le7
20s DeM.* 21 M 30.0 22.0 (19,0 24,0 36,0 30.0 40,0 18,0 28,0 6.0 s 9.0
21, T.M, 18 M Te3 263 T4 12,8 10.9 23.3 Ts2
23. DO$.. 54’ F ?.0 5.0 15.0 7.0 8.0 800 9.0 8.0 8-0 900 9.0 6.0 2.0 2.0 —_— 5.0
2., M.K.* 15 F 231 16.3 [12.4 [lh.4 14.6 18.8 5249 26.4 15,1
25 D.YXs?® 32 F " 5.0 5.0 3.0 8.0 8.0 12.0 7.0
mnge 15“510- 1.0 — 30.0 500—2‘-}.0 3.6"'56.0 2-7-32.9 5.0'40'000 700“18.14- 500"28.0 2.0-11-.0 120- 100-#.7 100—900
0.0
mean 23.? 8.8? 10-9 1.506 1405 1805 12014- lOa6 5.0 j.l 2085 #02
4., Obese group 5
27+ Haks 12 M Skt 8.6 | 6.0 10.2 13,7 10.9 11.6 L2 2,8 5e2
28, Te.A.* 17 M 6.0 8.0 7.0 16.0 22,0 13.0 7.0 8.0 6.0 |340 — 2.0
29, CedSe 1 ¥ 8.2 6.7 6.6 10.4 Tel 7.2
30e - Holus 3 F 12,2 3.9 | 6.6 8.6 10.2 5 48, 2345 125 8.6 At 3.8 Lo3
Sle AST,* 2L F L,0 2.0 5.0 3.0 2ol 6.0 7.0 7.0 2,0 1.0 3. 1.0
52. CORC 20 ? 9.2 5'7
53« M.S. 14 F 8.2 8.6 11.7 12,3 6.0 T4 |9.6 245
I‘-ngﬂ 12-31 2.0 - 12.2 2.0“1002 600"16.0 ?00"23!5 606"1500 2-0“'1-]--6 100-800 1.1"7.? 1.0“' 2.5“?.2 1.0_502
9.6
mean 18,9 6.6 6obs 11.1 15.6 10.4 7.6 4e5 5.6 | 3.6 4.0 3.3

* Patients received 6 doses of ACTH and 8 doses of dexamethasone (see text), tests were performed on the third and second day respectively. All other patients received
E Arnmaaa nf AT and 9 Anama of davamethsanna+* +tasts warea narformed on tha third dav on each ocoasion. “% Aftar nmnilateral adranalectomv.



is evidence that estimations carried cut on the third day of iCTH
aedminigtration, using this particular dosage, represent a measure of
the maxizum eapacity of the adrenal cortex,

(e)

Haximun suppression in the group of Cushing's syndrose occourred on the
third day,in the 'Cushingold! group ami on the seecnd and third days and
in the obose group aleo cn the sesond and third days. The lowset levels
were reached by cases in the'Cushingoid® and cbese groups tut a eertain
degree of variation in sach group persisted, indloating that marked
supprossion did not nesessarily occur in every oase with this estimstion,




10,

Table 18 and figure 23 provide results of estimations of the daily
excretion of total 17-KGS for the four groups under control conditions
(repeated estimations) and during ACTH and dexamethasone administration.

(a) Control egtimations

The ranges and means of the normal and obese groups were almost
identical whereas those of the patients with Cushing's syndrome were much
elevated., Marked overlapping occurred. VWide variations and day-to-day
fluctuations occurred in the group of Cushing's syndrome and to a lesser
extent in the 'Cushingoid'! group. Only slight variation and fluctuation
cccurred in the normal and obege groups.

Day-~to-day fluctuations in the level of 17-KGS excretion of patients
suffering from Cushing's syndrome were reported by Birke et al (1956),
Bassoe et al (1958), Dyrenfurth et al (1960), HEman et al (1961), Prunty
(1961), Slater et al (1962) and Brooks et al (1963), The lastenamed
authors observed levels of 11.0 and 40.0 mg./day in one patient for 17-KGS
and 14.0 and 20,0 for 17-KS, and Prunty (1961) reported similar fluctuations
in plasma cortisol and cortisol production rate, These observations could
exp;ain the occaslonal finding of normal results in Cushing's syndrome,
especially among less sensitive tests such as the urinary sterocid excreticn
tests.

Rosner et al (1963) observed normal daily variations of steroid excretion
in obese subjects, and this obgervation is supported by the findings of the

present study.

(v)  During ACTH gtimulation
Maximum excretion occurred on the third day in the normal group

and/
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tion and su

able

Pattern of total 1 ; excretion under control, st sion states,

Case ige 3 Control es ons s a Dexam, suppression (days)
( =1 ¢ Ay 2 . 1 ; ]
YIS = km Pt 1 3 +3 -1 ] i 3 1+ 31
2. BB 65 M 19.0 | 6.0 :
3¢ WeJo* 35 M 22,0 | 16.0 40 35.0 53.0 84.0 27.0
he W.H.* 55 M 18,0 63.0 102.0 117.0 46,0
5. M.L.* 42 P 15.0 | 4.0 [12.0 15.0 gl.) 95.0 124.0 ?o.o
6. M.H.* 35 F | 10.0]| 7.0 {13.0 15,0 0 125,0 gl.)
7« M.R.* 23 F 18.0 | 17.0 16.0 75.0 135.0 125.0 4.0
range 23-65 6.0 - 22,0 Le0=16.0| 35.0=75.0 | 53,0=114.0 | 84.0-125.0 | 27.0-50.0
mean J-b205 :u-'-o}} 1205 59-5 91.0 11500 59-3
2. Cushing's group
B, Opemted
upon
10. JeAs * 55 M 54e9 |60.6 109.0 85,1 :
(repeated 2043 | 26.4 2644 15.7 29.6
13, JoM. 3 M | 40.5 | 8.3 |35.3 |45.8
Ui, GoFe 27 M | 45.4 |13.6 |24.0 [10.8[27.3 1844
(gle) [(21.)|(&1.)[(gle ]rade J(a2e)
1o ToTs 17 F | 15.8 6440 56.7 73.0 31.1 5e2
12, M.C. 36 F 8.7 | 2.8 176.0 12,5 22,1
15, HeTe 21 F 4.2 |18,2 |15.8
16, E.Se 22 F 12,7 |11.6 |13.4 |52.1 R7.7
b. not operated
upon
17. C.M. 18 F S5e7 | 36e2|25.7 [12.2 |Shol 15,5 Shols 56.0 39.8
rulgﬂ 17"55 8.3 — 60.6 54-‘0-56-7 5600"1?6.0 3101"85.1 12.5-260!0- 5-2"15.7
mean 28,3 2543 55.5 103.0 19.5 19.5 10.5
Je 'Cushingoid' group
18. A.De 19 F | 18.1 | 22.6 |44.9 |30.6 32.8 93,1 67.8 118,0 18.2 4e5 2.4 6.8
mpﬂt. 8.0 1600 111--0 6000 %00 100,0 2200 1500 2.0 200 i 1.0
19. W.C. 27 M | 20.7 | 22.1]18.0 [12.3 99.0 35.6 6.7
20, DoMe* 21 M 30,0 | 29.0|24.0 26.0 48,0 60.0 T7.0 13.0 30.0 5.0 : 2e5
21. T.M 18 M 16.7 | 30.5(28.9 16.5 U6 59,0 10.8
23, B.8." 3% F 13.0 | 15.0]15.0 &o.o 03,0 1.4 10.0 93.0 49.0 8340 17.0 9.0 5.0 | 1.0 g 5.0
25, M.K.* 15 P | 20.4 | 19.7[16.9 [15.8 17.2 42,5 67.8 58,0 13.4
25. DeY.® 32 P | 13.0 | 13.0 3.0 |(gl.) (gl.) 50.0 13.0
range 15-34 8.0 - 44,9 3,0-32,8/16,5-93.1 |14.667.8 [50.0-118.0 [10.8=35.6 |9.0-30.0 [2.0=5.0 [1s0=5.0 [2.4=6.7 [1.0-6.8
mean 23.7 19.4 17.8 58.9 5045 80.7 17.8 18.1 345 3.1 3¢5 3.8
4, Obese group
27+ ReAe 12 M 8.6 9.5111.8 45.5 84.6 48.0 LUpoly 1.0 Lo Tk
28, T.A.* 17 ¥ | 22,0 | 22.0 23.0 27.0 51.0 57.0 16.0 23,0 10.0 | 5.0 — 6.0
29. C.S. Ly F 20.4 | 13.0 84,0 26.6 20,4 bed
30. H.L. 31 P U5 97| 7.3 P6.3 U3 21,5 98.3 42.0 10.8 31 1.0 4,2 .4
31. A.I.* 2 F 17.0 | 4.0[16.0 P1.0 15,0 35.0 73.0 48.0 'keO 9.0 5.0 e 6.0
}2- CeRe 20 F 11.7 2'5
33¢ MeSe U F 12,9 | 1.0 45.5 33.0 6.9 1.9 |17.0 3.8
range 12-31 Te3 = 22.0 Plee 3=23.021.545.5 [45.5-98.3 |33.0-:84.0 L.0-26.6 9,0=23,0 |1e1=20.4]1.0-17.0{1.1<%.3 6.0=11.L
mean 18.9 13.8 17.4 32,3 70.5 52,0 13,1 16.0 10,9 | 5.8 3.2 1.7

* Patients received 6 doses of ACTH and 8 doses
5 doses of ACTH and 9 doses of dexamethasone;
¢+ After unilateral adrenalectomy.

gl. refers to glycosuria.

of dexamethasone (see text) tests were performed on the third and secord day respectively.
tests were performed on the third day om each occasion,

All other patients received




and in the group of Cushing's syndrome, In the'Cushingoid! group maximum
exeretion mostly occurred on the third day, but sometimes on the second
day, and on three occasions a first peak was noticed on the firgt day
followed by a drop on the second day and a higher peak on the third day., In
the obege group, maximum excretion occurred mostly on the second day but
sometimes on the third day. Although the highest excretion value was
reached by a patient with Cushing's syndrome, the mean of the normal group
on the third day was higher than the corresponding mean of any of the other
groupss Overlapping of the ranges is noticed, but wide variations and
fluctuations are not observed, except to some extent in the 'Cushingoid'!
groupe.

The occurrence of maximum excretion on the second day in many cases
is further evidence that estimations carried out on the third day of ACTH
gtimlation, using this perticular dosage, represent a measure of the
maximum capacity of the adremal cortex.

An interesting observation in the study of the total 17-KGS pattern in
response to ACTH stimulation, was the detection of glycosuria in two
subjects of the normal group (Case 5, M.L, and case 6, M,H,) and one subject
of the 'Cushingoid' group (case 25, D,Y.) during the first, second, or
third day of ACTH administration or even on the following day. Glycosuria
was detected also in the urine of one patient with Cushing's syndrome (patient
14, G.F.) both when showing high levels of total 17-KGS excretion, and when
levels were well within the normal range. The interpretation of these
obgservations could be that excess ACTH, rather than cortiscl, is sometimes
directly responsible for the occurrence of glycosuria and that glycosuria, and
indeed/
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indeed Cughing's syndrome, are sometimes due to faults in the ACTH -
secreting mechanism, i.e. of pituitary cr hypothalamic origin, rather than
of adrenal origin, |

Other indirect evidence that the cause of this clinical condition
lies in the pitultary rather than in the adrenals was offered by Jailer
(1962) who, commenting on the hyper-sensitivity to ACTH characteristic of
this syndrome, stated that this hyper-sensitivity existed in patients with
pituitary tumours just as it did in those with bilateral adrenal hyperplasia
as the only pathology. He stated that hypersenistivity to ACTH
disappeared after successful treatment of the pituitary, by irradiation, and
furthermore, when the disease recurred a few years later, the characteristic
hyper-sensitivity to ACTH once again developed. Jailer concluded that these
data are compatible with the hypothesis that Cushing's syndrome with adrenal
hyperplasia is primarily a pituitary disease due to secretion perhaps of an
abnormal ACTH, or another abnormal hormone, which potentiates the action of
ACTH,

further evidence pointing to the same conclusion was offered by FNugent
et al (1960), These workers stated that the pathogenesis of Cushing's
syndrome associated with administration of glucocorticoids or ACTH or with
tumours of the adrenal cortex was readily apparent. They postulated that
the syndrome, when associated with adrenal hyperplasia, was the result of
increased secretion of ACTH, which satisfactorily explains the bilateral
adrenal hyperplasia, the increased responsiveness of the adrenal glands to
ACTH stimulation and the increased amounis of adrenal steroids secreted by
the glands, found in the blood or exereted in urine. This postulate, they

atatad,/



stated, is also compatible with the fact that therapeutic success has been
achieved in some cases following hypophysectomy or irradiation of the
pituitary gland, but would not be compatible with reports that no increase
would be demonstrated in blood levels of CTH in cases of Cushing's syndrome
agsociated with adrenal hyperplasia. These workers then administered ACIH

to normal subjects in amounts too small to lead to detectable concentrations
of blood ACTH, (viz. 1.5 = 5.0 I,U, ACTH intravenously per day for

4 days)s They proved that, under such circumstances, constant elevation of
plasma 17-hydroxycorticosteroids, with loss of diurnal variation and increased
responsiveness to maximum stimulation by ACTH, occurred in these normal
subjects, These workers, therefore, concluded that, (1) the possibility

that Cushing's syndrome associated with adrenal hyperplasia might result

from increased secretion of ACIH could not be excluded on the grounds that
increased blood levels of ACTH were not demonstrable, (2) patients with
Cushing's syndrome and adrenal hyperplasia might secrete ACTH at an sbnormally
high rate during at least part of the day, (3) the site of this pituitary
"dribbling" of ACTH is not known; it may be in the hypothalamus, the pituitary,
in the interconnecting pathways or in some other controlling mechanisms,

The hypothesis that sudden increases of adrenal activity occur in the
form of "boutsg", whether due to adrenal or pituitary cause, rather than the
hypothesis of "dribbling” of the pituitary is supported by other workers.

Thus Prunty (1961) showed that, in Cushing's syndrome due to hyperplasia, in
addition to changing levels of 17-KGS, spontaneous fluctuations of plasma

cortisol and CPR, gross discrepancies occurred between the plasma cortisol

level/
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level and the response to ACTH; for instance, a low value for the plasma
cortisol level was associated with a very high response to ACTH gtimulation,
Prunty stated that such lability prompted the question whether some patients
developed their symptoms as a result of sudden increases of adrenal secretion
during their daily lives, whilgt measurements made under basal conditions

in hogpital gave a falsely low idea of their adrenal activity,

The mechanism by which glycosuria occurs in the presence of excess ACTH
is not known, It might be due to a direct effect on the B-cells of the
islete of lLangerhans of the pancreas.

(e)

Maximum suppression occurred in the group of Cusghing's syndrome on

the third day, in the 'Cushingoid' group on the second and third days and

in the obese group mosily on the third day but sometimes on the second day.
Marked suppression on the third day was observed in all cases except patient
J.A, in the group with Cushing's syndrome. This, together with the fact that
suppression on the second day was almost equally marked in many cases and that
plasma cortisol level was too low to be estimated on the third day, justified
carrying out all the tests on the second day of dexamethasone administration
instead of the third day. Exeretion of 5.0 mg./24 hrs., or less of total
17-KGS, was again noticed on the second day in some cases of the 'Cushingoid!
and obese groups. More estimations in these two groups and in the normal
subjects and patients with Cushing's syndrome await further work, to see if
there will be any significant separation of the levels reached in the four

groups.



Table 19% provide the results obtained by the in vitro method (see
also figwre 24 - 26, table 28 and 29), The in vivo method was also carried
out in one normel and two 'Cushingoid' subjects.

(a) Zotal plasma cortigol

The highest level was recorded by a patient in the 'Cushingoid' group.

The level attained by the patient with Cushing's syndrome came next and was

higher than any of those in either the normal or obese gmups, The lowest
mean wazs that of the obese group and the lowest single level was also
recorded by a patient of the obese group. Tﬁe level reached by the patient
with Cushing's syndrome is significantly higher than the mean of the normal
group., Because of the small number of cases studied in the group of
Cushing's syndrome and in the obese group, the difference between the level
of the patient of the former group and the means of the two patients of the
latter group is not significant., The level of total plasma cortisol follows
more or less the cortisol production rate but the ralationship is not linear.
The normal range and mean reported in this study agrees very well with
those reported by other workers (see table 4),although some authors presented

higher means or wider ranges. For instance, Peterson and Wyngaarden (1956) reported

a range of 4.0 = 24,0 pg./100 ml,, Waxman et al (1961) 2,1 - 22,6 pg./100 ml,,
Layne et al (1962) 13.7 * 4«3 (S.E.) pge/100 ml., Beck et al (1962) 3.0 - 28,0
p2e/100 ml, and Mugent et al (1963) 8,0 = 29,0 pg,/100 m1, Similarly, most

workers/

¥*Ranges and means of CFR estimatione are not given, These are provided in table

9 for a larger number of subjects in each group.
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workers have observed normal or lowered means in obese subjects, which agree
with the findings of the present study, Thus Poisnick and DiRaimondo (1956)
reported that plasma 17-hydroxycorticosteroids were within normal limits in a
group of obese women in spitae';;a‘b excretion of 17-hydroxycorticosteroids was
increased in some of them, Szenas and Pattee (1959) observed lowered plasma
cortisol levels in obese subjects (5.9 * 0.58, S.Ds, pg./100 ml, against
12,1/ * 0.6 pge/100 ml, in normal subjects), and reported a more rapid
disappearance of cortisol from blood than in normal subjects, from which they
suggested that the low plasma cortisol levels in obesity might be due to either
(a) diminished CPR (b) greater dilution by increased volume of body fluids or
tissues (i,e, a larger volume of distribution), or (¢) increased removal of
cortisol (which could be a reflection of either inereased metabolic conversion,
increased exeretion or absorption by body depots).

Hoet et al (1962) reported a mean level of plasma eortisol of 10,1 pg./100 ml,
in obese against 10,6 pg./100 ml. in normal subjects. From calculations of
the volumes of distribution, they concluded that cortisol has a volume of
distribution approaching the volume of the extracellular space, and accordingly
that the apparent volume of distribution must be influenced by the same factors
as this spaces, Therefore, these workers suggested that, with an inereased
volume of distribution, a steady CPR and a steady rate of turnover, plasma
cortisol levels must be diminished. Mlynaryk et al (1962) similarly reported
decreased plasma levels of cortisol in cbese subjects, Gogate and Prunty (1963),
however, found a range of plasma cortisol concentration of 5,2 -~ 22.3 pg./100 ml,
in an obese group against 5,0 -« 16,0 pg,/100 ml, in normals, but only in

2/



2 caseg was the upper limit of normal exceeded.

In Cushing's syndrome, Sweat (1955) reported plasma cortisol levels up
to 135 ;g./100 ml. Doe et al (1960 b) found a mean of 32,7 pg./100 ml. in
 cases due to bilateral hyperplasia (normal mean 17.2) and, in another
report, Doe et al (1960 a) reported a mean of 27.0 pg./100 ml. against a
normal range 4.0 = 2640 pge/100 ml, (mean 13,6). These workers observed
a diurnal variation in the normal group, which was lost in the patients
with Cushing's syndrome, Dyrenfurth et al (1960) obtained a mean of 20,2
p€s/100 ml, in Cushing's syndrome, against 14.3 pg./100 ml. and 13,8 pg./100 ml,
for normal males and females respectively. Gray et al (1962) obtained a
level of 55 pge./100 ml, in a case of Cushing's syndrome and Doe et al ( 1963),
using radioisotopic cortisol to correct for losses during the experiment,
obtained a mean of 27.7 jig./100 ml, in 4 cases of Cushing's syndrome against
18,1 pg./100 ml, in normal subjects,

On the other hand Prunty (1961) doubted the value of this test in
diagnosing Cushing's syndrome, He obtained a range of plasma cortisol of
3.0 = 56,0 pgs/100 ml, in 12 cases of Cushing's syndrome, but in only 6 of
them was the upper limit of normsl exceeded. He also reported fluctuations
of levels from time to time. Brooks et al (1963) supported this view,
as they obtained a range of 3.0 = 25,0 pg,/100 ml, in adrenal hyperplasia and
15,0 = 26,0 ;pg,/100 ml, in adrenal adenoma compared with 5,0 -~ 16,0
Bge/100 ml, in normal subjects, Tait (1963) stated that for steroids with a
low clearance, such as cortisol, it is to be expected that there will be
an appreciable lag in the response of the plasma concentration to variations
in secretion rate, This, together with the influence of variable volumes
of distribution and fluctuations of CFR, as reflected in plasma ievels of

cortisol/



cortisol, might explain some of the unsatisfactory results just mentioned.
The value of this test, however, seecms to be considerable in the
differential diagnosis of Cushing's syndrome from obesity, Thus, Hoet
et al (1961) reported a range of 17.4 = 27.1 pg./100 ml, in Cushing's
syndrome due to adrenal hyperplasia as compared with a mean of 9.8 % 3.4
(SeEs) pge/100 ml, and 947 * 2.4 pge/100 ml, in obese and normal subjects
respectively, Similarly, Schteingart et al (1963) found a mean of
2843 * 3485 (S.B.) pg+/100 ml, in Cushing's syndrome against 14.36 *
3412 pge/100 ml, and 25.2 * 2.46 pg./100 ml, in obese and normal groups
respectively, The mean in the obese group was signifieantly lower than
that of the normal group and actually 8 of the 1) patients gave values

below the lowest normal.

(v) Hon-protein-bound gortigol

the level reached by the patient with Cushing's syndrome is higher than any
of the normal group, marked overlapping occurs among the group of Cushing's
syndrome, the 'Cushingoid' group and cbese groups, and no significant difference
occurred betwesn any two of these groups.

These figures are higher than those reported by Mills et al (1959), who
found 5% unbound cortisol at plasma concentrations of 10 pg,/100 ml,, 20%
at 40 pg./100 ml, and 28% at 80 pg./100 ml. Mills et al (1960) reported an
average of 10% unbound cortisol in normal subjects. lLayne et al (1962),
however, reported a much lower degree of binding in normal subjects, namely
78% * 3.7 (SeEa)s Gray et al (1962) comparing normal subjects and patients

with/
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with Cushing's syndrome reported a level of 37% unbound cortisol in a case
of Cushing's syndrome due to adrenal hyperplasia against a range of 4.0 =
10,0% in normal subjects,

ii- lNon-protein-bound cortisol, expressed as its absolute valua,
i.e, in pg,/100 ml, The highest levels are reached by the patient with

Cushing's syndrome and by one of the patients in the 'Cushingoid' group,
and there is a wide separation between the level of the Cushing's patient
on one hand and all the subjeets in either the normal or obese groups on
the other, There is a highly significent difference between the level in
the patient with Cushing's syndrome and the mean of the normal group. Again
because of the small nmumber of cases in the group of Cushing's syndrome and
the obese group, the difference between the level of the patient of the
former group and the means of the two subjects of the latter group was not
significant,

Doe et al (1960 b) reported a mean of 16,6 pg. NFB/100 ml, plasma in
4 cases of Cushing's syndrome due to bilateral hyperplasia against 0,9
Bge/100 ml, in 11 normal subjects, and Gray et al (1962) reported a level of
20,0 pg./100 ml, in one patient with Cushing’s syndrome due to adrenal
hyperplasia against a normal range of 0,39 = 1,28 ug./100 mls (mean 0.67).
Recently, Doe et al (1963), adding radioisotopic cortisol to plasma and using
a dialysis technique at 37.5°C, obtalned a mean of 6.0 yg/100 ml. in 4
cases of Cushing's syndrome against a range of l.l = 2.7 pg./100 ml, (mean
1.8) in normal subjects. These results agree very well with those reported
in the present study, When NPB cortisol was expressed as pge/100 ml., Doe
et al obgerved circadian rhythm in the normal group but not in patients with

Cushing's/
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Cushing's syndrome; the mean percentage of NFB cortisol remains constant
during the 24 hours, This again agrees with the findings in the present
study, and confirms the superiority of expressing results as pg. NPB cortisol/
100 ml, instead of as a percentage of the total plasma. cortisol,

An the in vivo method lower values were observed than the ig vitro
methods = The difference between the two methods was sometimes marked,
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Table 20* provides the results obtained by the jp vitrg method on
the morning of the third day of ACTH stimulation in subjects from the
normal, 'Cushingoid! and obese groups (see also figures 24 - 26), The
in vivo method was simultaneously carried out in three subjects of the
normal group and one patient of the 'Cushingoid' group.

(a) Zotal plasma cortisol

The highest level was reached by a patient in the 'Cushingoid' group
and the ranges of the normal and obese groups were almost similar, There
is no significant difference between any two of these means, The
relationship between cortisol production rate and total plasma cortisol
by this method was less clear after ACTH, The difference between the
mean of total plasma cortisol concentration of each group and its corresponding
control mean was, however, highly significant,

Expressing the results of total plasma cortisol as "increase over
the control level" in pg., the highest level was observed in the 'Cushingoid!’
patients, but an overlap occurred between the levels in the three groups and
there was no significant difference between the means. Similarly, when
resulte were expressed as "percent increase over the control level", there was marked
overlapping between the ranges found in the three groups and no significant
difference between them,

No detailed comparison could be made with figures of other workers, because
of the different dosage of ACTH used in this study. Most workers, however, obtained

significant/

¥ Ranges and means of CPR estimations are not given, 1Ihese are provided in
table 11 for a larger number of subjects in each group.
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significant separation of cases of Cushing's syndrome from either normal or
obese subjects by employing ACTH stimulation followed by total plasma cortisol
estimations, Thus, Dyrenfurth et al (1960) obtained a mean of 62,1 pge cortisol/
100 ml, plasma in cases of Cushing's syndrome against 35.5 pg./100 ml. and

37.8 pg./100 ml, for normal males and females respectively, Hoet et al

(1961) obtained the following means on the first day of ACTH stimulation 42.2

* 2,0 (SeE,) pge/100 mley 4448 * 8.7 pge/100 ml, and a range of 79.1 - 108,2
12+/100 ml, for normal and obese subjects and cases of Cushing's syndrome
respectively and 53.7 * 7.7 pge/100 ml,, 55,1 * 18.0 ig./100 ml. and a range of
69.9 = 107.0 pg./100 ml, for the same groups on the second day of ACTH
stimulation, Beck et al (1962) obtained mean values of 35.5 jg./100 ml,

3748 yge/100 ml, and 62,1 pg./100 ml. for normal males, normal females and
patients with Cushing's syndrome respectively. Expressed increase of plasma
cortisol over control levels, values were 21.2, 24.0 and 41.0 pg., but when
expressed as percent increase over control values the values were about 170,
135 and 200% respectively; this supports the findings of the present study
which show the superiority of expressing results as their absolute value and
not as inereased values over the control.

Grant (1963) believed that the ACTH test was the most important and
reliable test to differentiate normal and obese subjects on the one hand from
Cushing's syndrome on the other, employing plasma cortisol estimations, He
reported levels of 30,0 = 55.0 pg. cortisol/100 ml. plasma in normal subjects
and found that obese subjects gave the same or slightly higher levels but
that the inerease in them always parallelled that of the normal subjects,
whereas cases of Cushing's syndrome gave levels well above the normal after

an/
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an ACTH infusion lasting 4 hours, Jailer (1962) reported that 45 of his
46 patients with Cushing's syndrome due to bilateral adrenal hyperplasia
showed hypersensitivity to ACTH; in one case there was a normal response
but this rose above normal after 3 days stimulation by ACTH,

(v)

The highest level was reached

by a patient in the 'Cushingoid! group, but overlapping was again observed, and
there was no significant difference between the means of the three groups.
Comparing the means in each group to the corresponding control values revealed
a highly significant inerease in the normal group and a significant increase

in the 'Cushingoid' group af'ter ACTH gtimulation but no significant difference
in the obese group.

Expressing the results of this parameter as "absolute increase above control
value" the highest value was observed in one of the 'Cushingoid' patients, but
the ranges overlapped in the three groups and there was no significant difference
between the means of any two of them, When results were expressed as "percent
increase above control value"”, there was even greater overlap, and no significant
difference between the means,

ii~ Non-protein-bound cortisol expressed as its absolute value(in jg,/100m1),

highest level was reached by one of the 'Cushingoid' patients, but there was

The

no significant difference between the means of any two groups, although the increase

of the mean in the normal and in the obese groups over their corresponding

control values were highly significant, and for the 'Cushingoid' group the inerease

was significant,

Expressing the results of this parameter as "increase over the control level"
in pg., the highest level was again observed in one of the 'Cushingoid' patients,
Overlap/
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Overlap occurred among the rest of the levels and there ﬁno significant
differences between the means in the three groups, Expressing results as
"percent increase over the control value" also showed ma.rke.d overlapping of the
ranges with no significant differences between the means,

In a study of plasma cortisol in 7 normal subjects before and after a
standard intravenous ACTH test, Doe et al (1960 b) reported that a rise
occurred only in the NPB fraction, the range of this rise being 20,0 = 36.0
pge NFB cortisol/100 ml, plasma (mean 27). The same group of workers in
1963 reported a normal mean of 13,2 pg./100 ml, in normal subjects, and a
level of 41.7 pg./100 ml, in a patient suffering from Cushing's syndrome.

When NPB gortisol was expressed as its absolute value (pg./100 ml,) or
as a percent of total plasma cortisol, the difference between the level of the
'Cughingoid' patient and the mean of the three normal subjects was not
gignificant, The levels here are lower than the corresponding in vitro
figures, the difference being sometimes quite marked., Provided both techniques
were performed under exactly the same conditions, and the amount of radiosactive
cortisol added to the plasma in the in vitro method was of the same order as
that present in the plasma in the in vivo method, the only explanation for the
diserepancy between these two techniques must be that more binding occcurs
ingide the human body than in the test tube,



3e

Ag stated previously, CPR after dexamethasone suppression could not
be estimated by the blood method, because of the extremely low plasma
levels, Similarly, the radioactivity of the ultrafiltrate gave figures
almogt as low as the background. Accordingly, neither plasma cortisol
nor the NPB cortisol level could be calculated, This applied to all cases
to whom dexamethasone was administered except J,A., (Case 10), a patient
with Cushing's syndrome.

The test was applied to (1) case 10, (J.A.),one of the patients with
Cushing's syndrome, (2) patients 18. (A.D.), 20. (D.M.), and 23. (D.S.) of
the 'Cushingoid' group, and (3) patients 28, (T.A.) and 51. (A,I.) of the
obese group, In patient J.4,, suppression was not marked and a CFR of
3346 mg./2, hrs., plasma cortisol of 9.0 yg./100 ml, and an NPB cortisol
of 7¢5% (0,67 jige/100 ml,) were obgserved, The experiment showed that, at
least in some obese and 'Cushingoid' patients, marked suppression of adreno-
cortical activity occurred after dexamethasone. More data are needed,
especially in Cushing's syndrome and in obese individuals to see if this test
ig of value in differentiating these two conditions,

The doge of radioactive cortisol (2 pe,) contains between 30 and 35 pg. of
cortisol, Vhen introduced into the body it increased the cortisol level by
less than 0,3 pg./100 ml. Introduction of a bigger dose to facilitate
counting the ultrafiltrate, i.e. obtaining recadings well above the background,
could significantly raise the plasma level of cortiscl and possibly affect the
degree of binding, thus rendering interpretation of the results dubious.

Grant (1963), however, believed that variable results were obtained in the
dexamethasone test. He stated that normal (maximal) suppression of plasma

cortisol/
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cortisol usually occurred with the smaller dose (0.5 mg., & hourly for 2 days),
suppression of cases of adrenal hyperplasia occurred with the larger dose
(2 mg, 6 hourly for 2 days), and that no suppression occurred when either dose
was given to patients with autonomous tumours, He noticed, however, that
cages were sometimes encountered in whom a regponse occurred that was
intermediate between hyperplasia and autonomous tumours, and he suggested that
these cases could be due to nodular hyperplasia, He stated, however, that
response to dexamethasone did not always correlate with definite pathology of
the adrenal cortex,

Conclugion
The simultaneous estimation of CFR, plasma cortisol and plasma NPB cortisol

offers the following advantagesi-

1, Three of the most accurate tests for the assessment of adrenocortical
function are carried out simultanecusly. The accuracy of these tests depends
ultimately on the accuracy of the fluorometer and/or the radicactive counting
machine, The accuracy (99% confidence 1limit) of the fluorometer was found to be
545% for samples containing 0,1 pg. cortisol (= 10 pg./100 ml. plasma) while that
of the counting machine ranged from less than 1% for highly active specimens to
10% for specimens of low activity.

2. The results can be obtained after three days' work,

3¢ The use of radioisotopic cortisol to correct for losses during the

procedure makes the estimation of plasma cortisol extremely accurate. The ranges
given should therefore represent the "actual ranges™ and not just "the ranges
for the method",

be/
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Le Because of the great sensitivity of counting equipment, a relatively

small amount of plasma is needed for estimation of NFB cortisol by ultra-
filtration, viz 5 mly other methods, using chemical techniques for

estimation of cortisol in the ultrafiltrate, need at least 15 ml. of

plasma,

5. NFB cortisol is estimated 'directly'. This is in contrast to all

other methods (except the ultrafiltration methods), which either estimate

the CBG (or transcortin), or its 'capacity'! to combine with cortisol, These
methods, besides being 'indirect' methods for the assessment of the NPB
cortisol, are usually time~consuming since a few days are needed for the
equilibrium dialysis to be completed. These methods have, therefore, to be
carried out at abnormally low temperatures (usually 4°CJ, to prevent

bacterial growth, which could reduce the cortisol in the plasma and accordingly
affect the accuracy of the results, In the present study, ultrafiltration
for 5 hours was enough to obtain an ultrafiltrate containing a measurable amount
of radioactivity, and ultrafiltration could be carried out at 37°C, The
present technique would appear, therefore, to be more accurate from the
physiologieal point of view,since it yields results which should correspond
very closely to the conditions inside the human bedy.

6. The main reason for using radio-isotopic techniques is to introduce into
the body an amount of cortisol that is too little to cause a pignificant increase
in the plasma level of cortisol or in its degree of binding by plasma proteins,
but which, at the same time, contains an amount of radioactivity easily
detectable in the final ex‘racts by sengitive counting equipment., At firet,
it/
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it was not possible to produce cortisol of a high specific activity, Thus
Peterson and Wyngaarden (1956), the originators of this method, used radiocactive
cortisol doses containing 200 - 500 pg. cortisol, When radicactive cortisol
of higher specific activity became available, it was possible to introduce into
the body smaller amounts of cortisol. Thus, Hoet el al (1961), for instance,
used doses of radioactive cortisol containing between 60 and 80 ug., and
Chen et al (1961) used radioactive cortisol of SiAs 4.17 pcs/mgs In the present
research, cortisol of a very high S.A., viz 60 pc./mg., was used, which meant
that the amount of cortisol introduced into the body (about 30 pg.) was
much less likely to affect either the cortisol level or degree of binding to
plasma proteins, Results obtained with the more highly radiocactive cortisol
should more closely represent the conditions inside the body.
7« lastly, an in vivg modification for the estimation of NPB cortisol has
been described, In this technique equilibration between radiocactive and none=
radloactive plasma cortisol was allowed to take place under physiological
conditions, in the body itself, In the in vitrg method, the temperature and
pH of the plasma dufing the experiment were adjusted to simulate conditions in
the human body, but, in spite of this, differences were noticed between the
results of the two methods, This showed that, even when temperature and pH were
adjusted, equilibration of radioactive cortisol inside the human body was more
efficient than in the test tube, since the degree of binding was always more
in the jp vivo method,

The factor, or factors,responsible for this difference in binding between the
two methods is not known., It may be that one of the tissues in the body is

necessary,/
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necessary to enhance the union of cortisol to its binding sites on CBG.

The results obtained by the in wivo technique should, therefore, be more
representative of the physico-chemical processes which oecur inside the human
body, and should at present be regarded as having greater physiological
value,

The in vitro method gave a higher value for the patient with Cushing's
syndrome than the upper limit of the range for the normal group, This
suggests that it could be an extremely important index for assessing
adrenocortical function, yet the ranges given could be the ranges of the
method rather than physiological ranges. The author, therefore, recomnends
using the jn vivo method, the results of which should represent both the
ranges for the method and the actual ranges, thus reproducing the conditions
inside the human body,
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Assessment of adrenocortical function in a patient with Cushingl's

syndrome (case 10,, J.A,) after unilateral adrenalectomy was performed by

repeating the tests of cortisol production rate and urinary steroid

excretion after the operation..

Table 22 provides the results of these

estimations, and allows comparison to be made between pre-operative and

pogt~operative values,

Test Control After
unilateral
adrenalectomy*

a., CPR: blood: method
Miseible pool (mg.) 747 A
t (min, ) 42 7.0
Rate of turnover (poo ) 0.99 0.5
Production rate (mge/24 hrs.) 177.6 52.8
b. CFRs wurine method
Dose exeretion
first 24 hr, %) 80,0 &ha't
SeA. THE cpm/pg. ) 5461 8492
Production rate o/2 hrs.) 107.0 455
c. 17-KS (mge/2/ hrs.) 18,7 Le8
de Total 17-KGS (nge/24 hrs.) 5449 20,3

* Tests performed 3 weeks after the operation

The miscible pool and rate of turnover dropped to nearly half their

original value, and the production rate by the blood method dropped from

177.6/




- 260 -

177.,6 to 52,8 mg./24 hrs, The latter value was, however, still higher than
normal, and the size of the miscible pool was still above normal, Cortisol
production rate by the urine method showed a similar drop, but the new level
was still well above normal, On the other hand, 17-KS excretion fell from
a level just above the normal range to a below-normal level, and total
17-KGS, which werc originally moderately elevated, fell to the upper level
of normal, This shows again the superiority and sensitivity of cortisol
production rate tests over measures of steroid excretion, especially 17-KS
determinations, in detecting moderately elevated adrenocortical activity.

Hoet et al (1961) studied the CFR (blood method) in two patients
suffering from Cushing's syndrome after unilateral adrenalectomy. They
reported that the miscible pools were 0,65 and 3.0 mg., the rate of
turnover 0,59 and 0,47 pool/hr, and CFR 0,38 and 1.4 mg./hr. Liddle (1960)
found that patients suffering from Cushing's syndrome due to adrenal
hyperplasia showed resistance to endogenous~ACTH suppression by dexamethasone
post-operatively indistinguishable from that observed before operation.

This agrees with the findings of the present study (see table 1),

Signs and symptoms of Cushing's syndrome in patient J.A. were still
present, after unilateral adrenalectomy, although considerably improved.
Liddle (1960) on the contrary, stated that unilateral adrenalectomy did not
result in a significant deerease in basal gteroid excretion and failed to
produce any clinical improvement, The persistence of the clinical manifestations
of Cughing's syndrome in patifent J.A,, with high CFR and urinary steroid exeretion
after unilateral adrenalectomy, justified a second stage adrenalectomy and

maintenance therapy.

2/
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As gtated in the introductory discussion of Cushing's syndrome

(Chapter III), the treatment of choice has been adrenalectomy (total,
subtotal or unilateral). Sometimes hypophysectomy or irradiation of the
pituitary gland may be employed, or, in desperate cases, adrenocortical
inhibitory therapy, although this is still in ite experimental stage. It
wag also mentioned then that any of these lines of treatment suffered
disadvantages such as recurrence of Cushing's syndrome or the administration
of maintenance therapy throughout life,

A new approach was the introduction of the auto~transplantution operations,
as a method of surgical treatment which did not suffer from the above
drawbacks, The principle of such operations is that bilateral adrenalectomy
is performed, part of one adrenal gland is divided into small pieces, and
these are transplanted, in small "heaps", into the rectus sheath of the
anterior abdominal wall, The two important advantages offered by this type
of operation are: (1) part of the adrenal tissue is left inside the body and
this can secrete the necessary amounts of corticosteroids, thus relieving
patients from the requirement of being maintained on steroid therapy throughout
the rest of their lives; (2) the transplanted adrenal fragments are located
in an easily accessible part of the patient’s body, so that further removal of
adrenal tissue can be easily performed, even under local anaesthesia, if
higher-than-normal steroids are still being secreted.

Zable (23)/
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Case CFR 17-KS Total 17-KGS
Urine method
(mge/24hrs) (nge/24brs ) (nge/24 hrs)
11. J.I. pre-operative 62,2 1.2 15.8
post-operative
(2 months) 843 1.6 3.0
(7% months) Le2 1.6 3.7
12 M,C, pre-operative 246 10,2 21.8
post~operative
(2’&' months) D‘M 2.6 el
14+ G.F. pre-operative 23.0 32.7 VATV
post~operative
(1 year) 9.0 11.5 18.4
(gla )‘
®*glycosuria

Table 23 summarises the results of cortisol production rate and steroid
excretion tests before and after such an operation in three patients with
Cushing's syndrome (see also figure 27). In the first case (1l,, J.T.) a
production rate of 8,3 mg./24 hrs. was detected two months after the operation,
associated with marked improvement of the elinical condition. Sevenwandwa=half
months after operation, however, the patient started to show signs and symptoms
of hypoadrenocorticismy cortisol production rate was estimated, found to be
Le2 mge/2/. hrs., and steroid maintenance therapy had to be started. In the
second case, (12., M.C.), a post-operative cortisol production rate of a negligible
value was detected two-and-a-half months after the operation, associated with
a cliniecal picture of hypoadrenocorticism; again, steroid maintenance therapy
had to be startede In the third case (14., G.F.), one year after operation a

cortisol/
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cortisol production rate just below the lower 1limit of normal was detected,
associated with a marked clinical improvement of the patient's condition, and
it was not considered necessary to give any replacement therapy. Glycosuria,
however, persisted in this third patient after operation, which suggests that,
at leagt in some cases, glycosuria or even Cushing's syndrome itself are
caused by pituitary or hypothalamic disorder rather than by an adrenal
disorder,

Only one sixth of the total adrenal tissue was transplanted in these
three cases. This should, theoretically, have given a lower than normal
secretion of cortisol in all of them, and the ultimate failure of two out
of these three operations could therafére be due to the surgeon having
transplanted an amount of adrenal tissue that was insufficient to secrete the
normal requirements of steroids. This small amount of transplanted tissus,
perhaps after temporary hypertrophy, probably underwent exhaustion atrophy.
These suggested changes in the adrenocortical tissue were described a long
time ago by Selye (1946), who defined three consecutive stages in the "stress
or adaptation syndrome", namely alarm, resistqnce and exhaustion, The second
of these phases has been associated with hypertrophy and hyper-reactivity of
the adrenal cortex, and the third phase only oeccurs if the degree or persistence
of stress exhausts the adrenal defence mechanism, Leaving too little adrenal
tissue inside the body to deal with the normal and stresgeful conditions of
every-day life could well be such a stress to this small transplanted portion
of adrenal tissue as to lead to the above mentioned changes,

Franksson et al (1956) were the first to suggest the auto-transplantation

technique . /
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technique, They later on (Franksson et al, 1959) deseribed 5 females,
suffering from Cushing's syndrome, who had been treated by this method.
The postwoperative period ranged between 3 months and 2 years, Symptoms
gubsided in all eases and little or no exogenous steroids were required
post-operatively. The adrenal pathology in these 5 cases was diffuse
adrenal hyperplasia, These workers stated that it was very difficult to
gauge correctly how much adrenocortical tissue to transplant, mainly because
the cells of different adrenal glands seem to vary in steroid-producing
capacity, The site of transplantation in their cases was the sartorius
muscle, In the cases reported in the present study, the site chosen was
the rectus sheath of the anterior abdominal wall, probably because it is
a cleaner site than the thigh.

Conclugion
Because one of the three operations studied in this thesis was

successful, the author believes that it is a potentially valuable method of
treatment, and he suggests that the cortisol production rate estimation
should be taken as the basls for deciding how much adrenccortical tissue

to transplant, It is too early to state whether some other factors,
related to the surgical technique itself, was responsible for the failure of

scme of these operations,

3./



Table 24 shows the results of pathological examination of adremnal glands
;amoved from seven patients suffering from Cushing's syndrome, In only one
case was the weight of the glands increased significantly above the normal
limits; in this patient, the histology was normal. In two cases, adenoma
was found (maeroscopic or microadenomata), and signe of hyperplasia were
detected in the rest of the glands,

The finding of histologically "normal" adrenal glands or adrenal glands
of normal weight is not new. Sprague et al (1955) stated that 34 out of 88
individual adrenal glands removed from ﬁatiants with Cushing's syndrome were
histologiecally normal, that 50% of these glands weighed less than 8 grams
and that 78% of them weighed less than 10 grams., Liddle (1960) reported
that, after operation, 7 of his 27 cases had histologically normal glands,
although diagnosed clinically and by 17-KGS and 17-KS estimations before and
after dexamethasone as Cushing's syndrome with adrenal hyperplasia. FEkman et
al (1961), similarly, reported that two of their 22 patients with Cushing's
syndrome had normal glands. Symington and Jeffries (1962) also examined
individual adrenal glands removed from patients suffering from Cushing's
syndrome and found that 35% of them are histologically normal; A45% of them
weighed less than € gram and 81% were less than 10 gram.

Patient J,A. (case 10), who showed clinical and laboratory findings typical
of Cushing's syndrome, had histologically normal glands. This patient had a
basal CPR about 6 times the normal value, and his adrenals were increased in
weight to approximately twice the normal wvalue, The aetiology of Cushing's
syndrome in this patient could not be due to an "inereased adrenal functioning
mass", an idea previously suggested by Birke et al (1960), Incubation studies,
using/
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using radicactive cortisecl precursors, of the adrenal glands of this patient
revealed a hyperplastic patiern. It is possible that electron microscopy
could detect changes, in such glands, that could not be detected by the
ordinary histologiecal techniques and this question remains to be answered.
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Table 25 represents the weight, height, surface area (calculated from
the weight and height), total body lean cell mass and total body fat (calculated
from the weight and total body water estimation), creatinine execretion (as a
measure of body musculature), and cortisol production rate (blood method)
in all cases of the four groups studied.

With the data on weight, the difference between the mean of the normal
group and the three other groups is highly significant (see table 28). The
inerease above the desired weight in the obese group ranges from 4.1 - 117.9%
(average 68,01).

In height, the difference between any two means is not significant,

In estimatione of the surface area, the difference between the means of
the normal group and the group of Cushing's syndrome is significant, and
between the mean of the normal and obese group is highly significant,

With the total body lean cell mass, the mean of the normal group is
significantly lower than that of either patients with Cushing's syndrome or
patients in the 'Cushingoid' group, If the total body lean cell mass is
expfessed as "percent of the total body weight", the same result is obtained.

If total body fat is expressed in Kg., the mean of the normal group is
gignificantly lower than the obese group, and the difference between the
normal group and both the group of Cushing's syndrome and the 'Cushingoid!
group is highly significant. Expressed as "percent of the total body weight",
the mean of the normal group is significantly lower than that of the group of
Cushing's syndrome and the 'Cushingoid' group but not of the obese group.

The difference between the mean of the four groups, as far as creatinine
exeretion is concerned is not significant except between the norma@ and
'Cushingoid! groupy 'Cushingoid' subjects excreted significantly increased

amountg/
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ovL
amounts of creatinine twsm normal subjects. This-demotes that total musele

In 1956, Gray et al, studying the effect of weight reduction in

obese subjeets, suggested that in obese individuals with symptoms suggesting
Cushing's syndrome, the possible effeet of food intake on increased steroid
excretion could be of diagnostic and therapeutic importance, Borth et al
(1957) found that the differences in steroid excretion values for men and
women was attributable entirely to the fact that, on the average, men

are taller and heavier than women., Tanner et al (1959), studying healthy
male medical students found a significant relationship between urinary 17-KGS
excretion and weight, height and surface area, Significant relationships
between weight and steroid exeretion were also reported by Cohen (1958),
Szenas and Fattee (1959), Simkin (1961) and Green et al (1961). Similar
relations between weight and CPR were reported by Eckert et al (1961),

Karl and Raith (1961) and Miynaryk et al (1962).

Significant velationships between the surface area and steroid excretion
(Poisnick and DiRaiumondo, 19563 Tanner et al, 1959), surface area and CPR
. (Ecle rt et al, 1961) and between the surface area and the logarithm of the
values for urinary excretion of major tetrahydro-a-ketolic metabolites of
cortisol (Dohan et al, 1962) were reported.

Mlynaryk et al (19562) found that, when CPR was expressed as a function of
ereatinine excretion, the original raised CPR in obese subjscts persisted,
implying that muscle mass was not the factor involved in the higher CFE,
These workers noticed that CPR, expressed as a function of weight, was similar

in/
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in normal and obese groups, implying that the inereased CPR in obege subjecets
was due to increased weight., These workers, therefore, concluded that the
rise in CFR correlated better with body weight than with surface area, ideal
body weight or estimated amount of fat. Similarly, DeMoor et al (1963)
stated that the significant difference in hormone excretion between normal
males and females disappeared when the data for hormone excretion were
recalculated per unit body weight, height or surface area.

Schteingart et al (1963), on the other hand, found no correlation
between either urinary 17-hydroxycorticosteroid execretion or CFR on the
one hand, and the absolute body weight or the degree of overweight on
the other, Similarly, in a group of normal and obese subjects, Gogate and
Prunty (1963) found that the coefficient of correlation of CPR with body weight
or surface area were not significant, viz 0,290 and 0,388 respectively.

As far as the relation between adrenocortical activity and body musculature
is concerned, Romanoff et al (1961) found that, when CFR was expressed in terms
of ereatinine exeretion, the difference between CFR :of young and elderly
men disappeared. Mlynaryk et al (1962), however, did not observe a
relationship between adrenocortical activity and body musculature.

In view of these contradictory results, it was felt worthwhile to reassess
the relationship between CPR and weight, helght, surface area, lean cell mass,
body fat and musculature in the groups studied in this research.

Assuming that cases of Cushing's syndrome, and probably some of the
cases of the '"Cushingoid! group, represent abnormal and varying adrenocortical
function, only the subjects of the normal and obese groups were used to
investigate these relationships (see table 26 and figures 28-34). Fatients of
the Cushing's and 'Cushingoid' groups were, however, included in the diagrams

for the sake of comparison,

Iable(20)/
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Relationship between CrR and weight, height, surface area, ean cell mass, body fat and body musculature,
Case Age Sex Neight Height Surface Total Total body LCM Total body fat Creatinine CFR
area body axcretion (oontrol:
T > water T blood method)
(yrs) (Kg ) (cm) (m™) (1) (Kg) (% of total KG (% of total (g/24hr) (mg/24hr)
body weight ) body wei ht) :
1., Normal group
Yo ©Bake 29 M 63.0 175.0 B 7 20.4
2. . R.B. 65 ' 63k 177.8 1.79 3.1 43632 68,33 20,08 31.67 30.0
3 Weds 35 M 5.0 170.0 1,62 3243 44,98 83. 30 9.02 16,70 1.47 17.5
I1-. W.H. 55 “ 85-& 17104 1.% 530? 55‘29 660” 28011 55-70 )1'2
fe - Mls 42 @ [N 156,2 1.38 27.6 38,45 87.35 5¢57 12.65 1.0 21,8
6. M.H. 35 F 52,0 165.1 1.56 2643 36.63 70.45 15.37 29.55 057 23,8
Ta - MR 23 P 56.7 157.4 1.56 25.8 35,93 03¢ 57 20. 77 36.65 1.30 26.9
range 2365 44, 0-83.4 156,2-177.8 1,38-1.96 25¢8=39¢7 |[35693-55029| 63437=87435 |557=28411 [12,65=36.63 0.97-1.47 17.5=31.2
SeD. 12,47 84347 0.19 Tl 9.77 8.31 9 17 0.220 5eJ
S.Es be713 34155 0.072 2.970 3930 36395 3.990 0.110 2,00
2. Cushing's group
a, Operated upon
20, Juke 55 M 89.0 1574 1.90 3he5 48,04 53.98 40,96 46,02 177.6
p i PR T 17 F 87.0 160,0 1.90 36e2 50.42 57.95 36,58 42,05 1.40 Se 7
12, M.G. 36 F 108,0 166.3 2.1, L0.1 55.85 5l 7h 52.15 48,29 146 519
b. Not operated upon
17. CoeMe. 18 F 83.3 58.6 53476 644 St 234 S 35446 el
range 17-55 83¢3=108.0 [157.4-166,3 1.90-2414 3o 540el | 4Be04=55485| 51le71=6ke54 R9e54=52,15| 55,46=48,29 1.40-1.46 3e1=177.6
mean 31.5 1.8 161.2 1.98 52,0 5704 39.81 52,96 1.43 76.1
S.D. 11.04 4,57 0.139 1.11 5-62 9.48 5062 0. 046 68&5
S.Ee 54520 2,639 0,080 : 0e556 2,811 Iye 728 2,812 0.033 34415
e 'Cushi.ngoid group
18. AeDe 19 F 79.8 1574 T8 30.1 41.92 524,53 57.88 LT7.47 1.30 37.0
19. W.Ce. 27 M 133.6 180.3 2.49 58.7 81.76 61.20 51.84 38.80 1.86 235.0
20. DeM. 21 M 121.8 175.2 2434 48.5 67.55 55446 54425 INRCTA 1.93 45.6
21, T.M 18 M 86.3 177.8 2.04 .7 58.10 67.30 28,20 32470 3.2
22, C.Ae 26 F 61.1 154.9 1.60 8.6
2% D3 3 F 118.1 170.D 2.26 4.1 57.2 L8.47 60486 51.53 1.67 18.7
25. o.L 32 F 757 148.5 1.70 a2 47.63 62.92 28,07 37.08 1.45 2644
range 15-}10- 61.1-133.6 14-8. 5"1&0 3 1060"20“1-9 m.1-580 7 lpl. 92—81- 76 48-#?-70.10 220 99"60- % 29! %"510 5) lo jo‘la 95 806'40506
mean 24,0 Ry.g 2 165.4 2.00 58,30 59. 71 40,58 40429 1.64 27.6
SeDe 26.43 11,92 0.33 12,94 7.896 15,03 7.90 0.27 11.28
4. Obese group
26,  A.Me 3 ¥ 152,7*111.3] 179.0 2.62 60.1 83.71 5Ly, 82 68.99 45,18 2.2 18.0
27. R.As 12 X 67.4% 2547 149.8 1.63 38,3 53¢ 34 79414 14,06 20,86 0.98 25.9
28, T.A. 17 M 143,6(*117.9] 170.0 2.46 1.56 22,1
29. CeSe L F 96,3|* 63.11 163.8 2,02 32,2 4,85 46,57 51.45 53e43 1.58 28.8
30. H.Le 31 F 58,2|* &el| 160.0 1.60 3244 45,12 7753 13,08 22,47 1.50 18.7
S B 2 P 97.0[* 73«5 160,0 1.99 367 52,3 53.98 INRSR 46.02 1.84 2.4
32, CeRe 20 F 95.9[* 87.6| 151,1 1.90 342 47.63 49.67 48.27 50433 1,10 13.2
33. M.Se iV F 92,9/* 60.9| 162,.5 1,97 36,0 50,17 54,00 42,73 46,00 1.52 30.5
range 12-34 5802"15207 JJ+908"1?900 1.60-2.62 5202'6001 %85—3%71 46057"?9014 ;-3008‘-68099 20086"55043 0093'203 13.2-30.5
mean 20.8 100.5 162.0 2,02 53.88 59.39 L4046 40,61 1.54 22,3
SeD. 320% 9.50 0-% 13056 13027 20-5‘{- 15-2? 0-59 5.8
SeEe 11.632 3.359 0.127 5.125 5.015 8.295 5.015 0.137 2,06

¢ These figures represent percent increase above ideal weight in the obese group.

The range is 4.1-117,.9% and the mean is 68.01%.




x y Txy
1, CPR: blood method Weight (Kge) - 0,189
(mg-/% hrs-)
2a - 3 " " Height (em. ) + 0,134
3 ® " n Surface areca sz) - 0,119
- » » . Creatinine exeretion (g/24hrs) [= 0,207
5, °© " " Total body lean cell mass (Kg.) - 0,255
6  ® " " Total body lean cell mass
(% of total body weight) - 0,065
Te ™ " " Total body fat (Kg.) - 0,145
8¢ " " " Total body fat (up to 30 Kg, )| + 0.791
9, " " n Total body fat
(% of total body weight) + 0,065
10, " " " Total body fat
(% of total body weightj + 0,823

up to 35%)

rate and weight,

A wide scatter and a poor correlation exists between cortisol production

group alone.

production rate is plotted against either the height, surface area, total

body lean ecell mass (expressed in Kg. or as a percent of the total body weight),

The scatter is, however, less pronounced in the normal

Similarly, scatter and poor correlation exists when cortisol

total body fat (expressed in Kg. or as percent of total body weight) or

ereatinine/
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creatinine excretion, Again the scatter among the normal group alone is

less pronounced, when the surface area or the total body fat are examined,

but an interesting observation was the finding of a nearly linear relationship
between cortisol production rate and total body fat, if only the subjects

of the normal and obese groupswhose body fat was 30 Kg. or less were included
(see figure 32); the coefficient of correlation for this group was + 0.791,
and the straight line in figure 32 corresponds to the regression equation:

Cortisol production rate = 0,576 x (total body fat) + 16,022
(blood method, mg,/24hrs) in Kg.

Similarly, a nearly linear relationship exists between cortisol production
rate and the total body fat if the latter is expressed as percent of the total
body weight, if only subjects in the normal and obese groups whose body fat
is 357% or less of the total body weight are included. The coefficient of
correlation in this case is + 0,823, and the straight line in figure 33

corresponds to the regression equation:

Cortisol production rate = 0,577 x (total body fat) + 11.076
(blood method, mg./24ihrs) as % of total
body weight

Sonclusion
The conclusions to be dr:wn from this study arey (1) that poor correlation

exists between the adrenocortical function and body weight, helght, surface area,
lean cell mass or body musculature (i.e. creatinine excretion); and (2) that
there is a correlation between the adrenocortical function and total body
fat, if the latter is only up to 30 Kg. or 35% of the total body weight.

Thig, could ﬁean that fat constitutes a mechanical stress to which the
adrenals/



adrenals respond by increase of cortisol production. The greater the total
body fat, the more cortisol is produced, up to a limit, beyond which the
adrenals fail to cope with this extra mechanical stress. Szenas and Pattee
(1959) stated that a subject is considered overweight when there is 30%
or more increase in actual body weight, in relation to ideal weight.
According to the findings of the present resecarch, obegity as a clinical
entity could be defined as "the clinical condition in which the total body
fat is 30 Kge or more" or "the clinical condition in which the total body
fat is 35% of the total body weight or more".



Part IV



Taking the group of patients with Cushing's syndrome and the group of

normal subjects as the two "reference groups", the most sensitive test
of detecting normal or inereased adrenocortical activity under basal conditions
was estimation of cortisol production rate., Results obtained with the blood
method were found to be better than those obtained in the urine method in
achieving a separation of these two groups.

The possible reasons for the occasional marked difference between the
results of the blood method and urine method include the presence of a
circadian rhythm of adrenocortical activity, incomplete collection of urine
samples, and the differences in calculation of results between single and
double compartment models, Under carefully controlled conditions, urine
collection should be complete, and it has been shown that the differences
between single and double compartment models play only a minor role at
basal conditions, It would seem, therefore, that the main cause of this
discrepancy must be the diurnal variation of adrenocortical activity, When
Petergon and Wyngaarden (1956), who first introduced the isotope method of
CPR estimations, repeated their determinations in the evening, they obtained
values which were approximately half of those which they obtained in the
morning for the same patients, and this finding has since been confirmed
by other workers (Hoet et al, 1961).

In the present thesis, CPR estimated by the urine method was higher
than in the blood method in 2 out of 4 cases of Cushing's syndrome (see
table 12 a), and this serves to confirm previous reports that the normal
diurnal rhythm is absent in patients suffering from this syndrome.

Comparing/
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Comparing cortisol production rate on the one hand to steroid
excretion on the other have shown that the former is much more sensitive
in detecting abnormal adrenocortical function than the latter; this
appllies particularly to urinary 17-KS estimations, This is not unexpected
since it is well known that 17-KS and total 17-KGS methods can be affected
by the percentage of cortisol recovered in urine as 17-KS or total 17-KGS,
the presence or absence of renal insufficiency or, as recently suggested,
by the rate of seeretion on the day before (lazarus, 1962). The last
mentioned factor will be important particularly in unsteady conditions of
adrenocortical function such as that seen in Cushing's syndrome.

Although estimations of total cortisol level in plasma have provided
encouraging results in the present research, as to the diagnosis of normal
and hyperactive states of the adrenal cortex, much larger number of cases
of Cushing's syndrome need to be assessed by this method before finally
accepting this conclusion, The main drawbacks of this method for assessing
adrenccortical function should be taken into account, also, These ares
(1) total plasma level of cortisol is a measurs «f the combined effects of
cortisol production rate, rate of cortiscl disposal and the volume of
distribution; (2) plasma cortisol level can be affected by temporary emotional
upset; and (3) only the non-protein~bound moiety is regarded nowadays by
most workers as the physiologically active component at the tissue or
cellular level,

The present findings agree with those reported by Frunty (1961), He
studied cases of Cushing's syndrome due to adrenal hyperplasia by various
tests and reported that 17-KS exceeded the upper limit of normal in only
6 of 12 patients, 17-KGS raised in 2 of 6 patients, urinary excretion of
unmetabolised/
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unmetabolised cortisol raised in 4 out of 6 cases, and plasma cortisol
levels raised in 2 of 3 cases, but that cortisol production rate estimations
were raised in all the 6 patients studied by this method. He concluded
that determinations of CPR provided the best available diagnostic

critarion;

Recently, in a similar study, Brooks et al (1963) found that 17-KS
excretion was increased in only 9 out of 25 cases of Cushing's syndrome,
17-KGS exoretion increased in 13 out of 25 cases, plasma cortisol levels
increased in 9 out of 17 cases, urinary unmetabolised cortisol excretion
increased in 17 of 21 cases but cortisol secretion rate increased in all
cases studied by this method.

Estimation of plasma NPB cortisol, in the present study, succeeded
in separating clearly a case of Cushing's syndrome from normal and obese
subjects. The importance of this parameter as an extremely sensitive
index for the assessment of adrenocortical function has been recently
stressed by Doe et al (1963). DMore cases of Cushing's syndrome, however,
are needed to decide whether or not the rise of NPB cortisol is a
characteristic finding of all patients suffering from this clinical condition.

It has been shown that the discrepancy betweer CPR estimations on
the one hand, and urinary steroid excretion on the other, is even more
marked after ACTH, and that there are cases with very high CPR but only
moderately increased total 17-KGS excretion. It has also been shown, from
studying steroid excretion patterns, that the number of doses of ACTH on
the third day of stimulation is not the responsible factor, lazarus (1962)

suggested/
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suggested that, during ACTH stimulation, secretion of cortisol on the day
before that of estimation of urinary steroids could influence the results
considerably, Very recently, James and Caie (1964) found that the
correlation between urinary total 17-KGS exeretion (as determihed by the
method of Few, 1961) and secretion rate of cortisol was acceptable in thels
normal range, but became poor as the secretion rate increased above

35 mg./2, hrs. These workers proved that this discrepancy was not due to
inecreased faecal excretion of cortisol and its metabolites or increased
conversion of cortisol to 17-KS after ACTH stimulation., They also proved
that the accuracy of the determination of total 17-KGS was not less at

high excretion levels. They suggested, therefore, that it is likely that
6p~-hydroxycortisol, 1é-hydroxylated or other polar metabolites of cortisol
may be formed, or thelir excreted amount increased, at high levels of cortisol
secretion, and that probably they may not be extracted from the urine during
the assay procedure, These workers emphasised, therefore, the fact that
urinary steroid exeretion within the normal range can not necessarily be taken
as evidence for the exclusion of adrenocortical hyperfunction,

In the present research, the best single test that provided the widest
gseparation between normal subjects and patients with Cushing's syndrome was
the CPR after ACTH stimulation. The blood method provided a much wider
separation than the urine method. The latter method, it was noticed, always
had values well below the former., As previously mentioned, the number of
doses of ACTH on the third day of stimulation can not be responsible for this
discrepancy, and the answer may lie in finding out whether or not estimations

by/



by the blood method from a double compartment model will yield results
comparable to that of the urine method,

In the hands of other workers, the results of ACTH stimulation have
been very variable, In some occasions, hypersensitivity has been noticed
in Cushing's syndrome, and in other instances it has been absent, Many
factors are involved in the ACTH test which will decide whether the results
obtained will or will not be of any significance, Bayliss and Steinbeck
(1954) pointed out the importance of the route of administration of ACTH,
and the timing of the plasma samples withdrawn in relation to the beginning
of ACTH administration, They noticed that intravenous infusion of 20 units
leads to an almost immediate rise of plasma cortisol and a plateau which lasts
to the end of the infusion, i.e, for eight hours, The same amount of ACTH
given intramuscularly in the form of gel, in one dose, leads to a gradual
rise of plasma cortisol and a peak after about 4 hours, whereas injection of
20 units of ACTH intramuscularly; in saline, leads to a more rapid rise of
plasma cortisol with a peak level after about 2 hours. These workers also
showed that repeated daily injections of ACTH gel led to progressive increase
in plasma cortisol, with a maximum ievel reached on the third day. Forcham
et al (1955) stressed the fact that the type of ACTH administered is very
important; impure preparations were inactivated when given intramuscularly,
but this does not ocour with newer preparations. The amount of ACTH injected
is also very important,

It has been shown in the present work that the type of test to be applied,
after ACTH stimulation, for the assessment of adrenocortical function is also
of great importancey CPR estimations were much more superior to urinary steroid

excretion estimations,

Beek/



Beck et al (1962) stated that 20 I,U, given intramuscularly every 6
hours for 8 doses, i.,e. a total of 160 I,U, over a period of two days, is
necésaary to give maximal adrenocortical stimulation, These workers
summarised the factors which affect the results of the ACTH test, as follows:-
1, The type of ACTH administered.
2+ The amount of ACTH administered.
3+ The route of adminigtration of ACTH,

Le The duration of administration of ACTH,

5« The test for assessment of adrenocortical function applied after ACTH
stimulation,

6, Timing of the samples both as to time of day and their relation to the
beginning of ACTH administration.

They demonstratcd the importance of these factors in the differentiation
of normal subjects from patients with Cushing's syndrome, Using the above
mentioned dose, Beck et al (1962) found that at the end of the 48 hour period
of the test, a significant difference existed between the means of these two
groups as shown by urinary l7-hydroxycorticosteroid estimations, Estimating
the plasma 17-hydroxycorticosteroid, the same result was obtained, namely that
patients with Cushing's syndrome gave significantly higher results than normals.
The means were 35.5 * 7.7 jg./100 ml., 37.8 * 12,3 pg./100 ml, and 62.1 pg./100 ml,
for normal males, normal females and patients with Cushing's syndrome
respectively, The increase above the control value was also significant, 21,2
EZey 2440 pge and 41.0 pge respectively. But when the values obtained four
hours after administration of the first injection of ACTH were considered, the
results were 38,5 * 2.5 ;g./100 mle, 31e2 * 5.2 pge/100 ml, and 40,3 * 4.7
p2+/100 ml. respectively; the difference between these means was not significant.

Similarly,/
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Similarly, Jailer (1962) noticed a hyper-response to ACTH at the
end of the firsgt day of stimulation in 45 out ofl46 of hig patients with
Cushing's syndrome and hyperplasia. The one patient who showed normal
regponse demonstrated the characteristic hyper-response on the third day
of stimulation,

In the present research, a unique dose (60 I,U.) of a pure preparation
of ACTH gel was given intramuscularly every 12 hours for 3 days, l.e. a
total of 360 I,U, over 3 days. This dose is greater that that which has
been reported by others to give maximal adrenocortical stimulation. The
intramuscular route was chosen becauss it was the safest. This dose
produced maximal stimulation of the adrenal cortex as shown by study of the
steroid exeretion patterns, Blood samples necessary for estimations of
CFR and plasma cortisol levels were withdrawn on the morning of the third
day, and the urine samples collected on the third day served for estimation
of CPR by the urine method, and for steroid excretion estimations, By
using this dosage of ACTH, separation of normal subjects from Cushing's
syndrome was achieved with the CPR estimations (much wider in the blood method),
but urinary total 17-KGS and 17-KS excretion were not of great help in this
respect.

Perhaps the various ways of adminigtering ACTH have been responsible
for the contradictory results of thig test reported by various workers, The
author, therefore, suggests the use of ACTH in the manner applied in the
present research, to achieve the best results as far as the diagnosis of cases

of Cushing's gyndrome is concerned.

B./



The main purpose of the present research has been to achieve a laboratory
means of diagnosing Cushing's syndrome, and of separating patients suffering
from this condition from normal and obese subjects. Thisz aim has been
achieved, first by the choice of sensitive tests of adrenocortical function,
but, perhaps of more importance, by classification of the subjects of this
study into four groups: (1) normal subjects; (2) patients diagnosed
clinically, by laboratory tests, by examination of their adrenals removed
at operation and/or the favourable response after adrenalectomy as suffering
from Cushing's syndrome (these two groups represented the two "reference"
groupg; the first represented normal adrenocortical activity and the second
represented hyperfunetion of the adrenal cortex); (3) "Simple obese" subjects
were classified into a separate group, and (4) all the cases which, besides
obesity, showed some of the clinical features of Cushing's syndrome were
clagsified into another group which was called 'Cushingoid' group,

The existence of these 'Cushingoid' subjects was recognised many years
ago. Thus, Gray et al (1956) described certain "obese individuals with
symptoms suggesting Cushing's syndrome", Unfortunately, however, nc attempt
has been made before to classify the subjects into these four groups. It
could well be, therefore, that many of the earlier estimations carried out
in "Cushing's syndrome" included obese subjects, which could explain the
occasional report of normal adrenocortical activity in Cushing's syndrome,
as measured even by sensitive tests such as CFR, It could also explain the
inclusion of patients with Cushing's syndrome among investigations of obese

subjects,/
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subjects, and hence also the frequent reporting of increased adrenocortical
activity in obese individuals, The following examples will help to
illustrate the importance of this classification if distinct separation of
Cushing's syndrome and obesity is aimed at,

Liddle (1960), after classifying his subjects into normal, Cushing's
syndrome due to hyperplasia and Cushing's syndrome due to tumours, recognised
the presence of another two groups. In one of these two groups, (65 patients)
the patients had features "mimicking those of hyperadrenocorticism but with
normal basal steroid excretion levels"; these were not considered by Liddle
to have Cushing's syndrome because they responded markedly to dexamethasone,
In this group central obesity was present in 12, ecchymosis in 3, striae in
7, hypertension in 30, osteoporosis in 9, oedema in 10, emotional instability
in 24, oligomenorrhoea in 21, muscle weakness in 6 and hirsutism in 4. The
other group included patients with equivocal evidence of Cushing's syndrome,
The clinical evidence alone was not strongly suggestive of the syndrome,
Control steroid excretions were above normal but this group was again excluded
because marked suppression by dexamethasone occurred. Again, in this group
of 1/ patients, central obesity was present in 3, glucose tolerance impaired
in 4, hypertension in 5, osteoporosis in 1, striae in 3, emotional instability
in 3, oligomenorrhoea in 2, and hirsutism in 2, Liddle (1960), however,
noticed that steroid excretions later on fell to normal in 4 of these cases,
and that in none had there been any progression towards unequivocal Cushing's
syndrome,

Simkin and Arce (1962) reported their findings of increased 17-KGS
excretion in an "obese group", but stated that strise were present in all of

them/
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them, acne in 28%, seborrhoea in 24%, plethora in 21%, hirsutism in 34%,
oligomenorrhoea in 41%, trubk obesity with ;?z::g hump in 24%, systolie
hypertension in 31%, diastolic hypertension in 21% and hyperglycaemia in
12%,

Baird (1963), similarly, reported increased urinary 17-KGS and 17-KS
excretion in an "obese group" of 20 females. Trunk obesity was present
in 4, hypertension in 10, impaired carbohydrate tolerance in.2, and
oligomenorrhoea or amenorrhoea in 5, Baird stated that Cusghing's syndrome
was suspected in 11 of these 20 patients. 5 of these 11 obese subjects
who had also a clinical abnormality suggestive of an endocrine bagis for
their obesity, had a raised corticosteroid output. In this group of 5
patients, including the patients with pink striae, the diagnosis of Cushing's
syndrome was "strongly doubted" but the results of steroid excretion were
nevertheless reported for all these patients, as one group.

Recently, Schteingart et al (1963), comparing 32 "obese subjects" and
23 patients with Cushing's syndrome, reported significantly increased urinary
17-hydroxycorticosteroid excretion and significantly increased CPR in the
obese subjects as compared with normal individuals. These workers stated
that 3 of their patients, initially considered to have obesity without
Cushing's syndrome, later demonstrated deterioration of their clinieal
condition and a diagnosis of Cushing's syndrome was eventually established in
all of these three,

These are a few of the many examples that could be cited from the
literature where no effort has been made to classify the subjects strictly
into patients with Cushing's syndrome and obese groups, when seeking to
interpret experimental results,

By/
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By clagsifying the subjects of this study into four groups it was
possible to achieve the following results (see tables 27-30 and figure 35):
1, Adrenocortical hyperactivity under basal conditions was proved in all
cases of Cughing's syndrome, especially so by the CPR estimations,
Adrenocortical hypersensitiveness to ACTH administration was similarly
proved, The response to dexamethasone was marked in all cases except one,
The cases of Cushing's syndrome studied in this research can be separated
into 2 groups.

The first group is represented by one patient (J.A., case 10). In this
patient florid elinical manifestations of Cushing's syndrome, together with
a markedly increased basal activity of the adrenal cortex (as measured by CPR,
urinary steroid exeretion, plasma cortisol and plasma NPB cortisol) were
noticeds After ACTH, although the level of his CPR was far above the normal
group, it represented only about two-fold inerease from his control
estimations. Similarly, a slight response to dexamethasone suppression was
noticed, This patient represented the "classical® picture of'ten described
in text books to illustrate the clinical condition and the state of the
adrenal cortex in cases of Cushing's syndrome,

The other group, comprising the rest of the patients with Cushing's
syndrome, had slightly or moderately increased basal adrenocortical activity,
but marked sensitivity to both ACTH stimulation and dexamethasone suppression.
Their levels of CFR after ACTH stimulation were the highest observed and were
at least 10 times the control values, and the levels after dexamethasone
suppression were very low, being at most one tenth of the control values,

The results of the examinstion of the adrenal glands removed after

operation/
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operation and the response of the patients to surgery illustrates the fact
that the text-book examples of cases of Cushing's syndrome are not as
frequent as they are thought to be,

In the group of patients with Cushing's syndrome as a whole, it was
possible, by studying the pattern of execretion of urinary steroids, to
demonstrate marked day-to-day fluctuation of adrenocortical activity in
comparison to normal subjects (see tables 17 and 18 and figures 22 and 23).
2+ Cases of gimple obesity showed CFR within the normal range in the
control estimations, but a lower-than-normal range was obtained after ACTH
stimulation, The response of obese subjects to ACTH stimulation, as
meagured by urinary steroid exeretion, was significantly less than in
normal individuals. The hyposensitivity of obese subjects to ACTH, in
contrast to the hypersensitivity of patients with Cushing's syndrome, adds
to the importance of the ACTH test in the differential diagnosis of these
two conditions,

The suggestion that adrenccortical function is not hyperaective in
obesity was recently supported by Gogate and Prunty (1963), who studied
obese patients by various tests of adrenocortical function (17-KS, 17-KGS,
unmetaboliged cortisol exeretion, plasma cortisol level, cortisol secretion
rate, ACTH stimulation and dexamethasone suppression) and found that in no
subject were two indices of steroid metabolism simultaneously abnormal,

In contrast to cases of Cushing's syndrome, day=-to-day fluctuations of
adrenocortical activity in the obese group were found to be slight, i.e.
much the same as in normal subjects (see tables 17 and 18 and figures 22 and 23).
3. In the 'Cushingoid' group, the results of these investigations allowed

separation/
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separation into three categoriest

(a) This category is represented by patient A,D. (case 18), who
showed slightly increased basal adrenocortical activity, as measured by
CFR, but marked response to ACTH stimulation, to well within the range for
Cushing's syndrome, On repetition of these tests 5 months later, when the
clinical condition deteriorated (see table 16), the control estimations
did not change significantly but the hyper-response to ACTH was more marked,
Therefore, it was justifiable to re-classify this patient as having Cushing's
syndrome, and to deduce that the ACTH test was more sensitive in revealing
Cughing's syndrome than the clinical condition and that the CPR test by the
blood method is superior to any other test in achieving this result,

(b) The second category includes 5 patients (T.M., case 21; C.A.,
case 22; D,S,, case 233 M.K,, case 2, and D,Y., case 25). In these patients,
values for all tests applied comparable to normal values were obtained,
esgpecially after ACTH stimulation, Aceordingly, again, it was considered
Jjustifiable to re-clagsify them into the simple obese group. These patients,
like the other obese individuals, were put on a reducing diet.

(e) The true 'Cushingoid' group, or group of patients in whom a
diagnosis of Cushing's syndrome or of simple obesity could not be made with any
certainty was, therefore, reduced to only two patients (W.C., case 19, and
DM,y case 20), These represent the third category of the "doubtful" cas:s.
In the former patient, normal control estimations were associated with a
hyper-response to ACTH by the CPR (blood method)e The caloric intake of
this patient, however, was in the region of 12,000 calories per day. In the
latter patient moderately elevated control CPR was associated with a normal

reaponse/
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response to ACTH, The values for his plasma cortisol and NFB cortisol,
under basal conditions, were clevated, but only the plasma cortisol level
was increased above normal after ACIH stimulation,

Classifying subjects into these four groups, therefore, made it possible
to separate Cushing's syndrome from obese subjects, and to reduce the
number of the 'Cushingoid' group from eight to two. |

The interpretation of the findingsin the two patients who remained in
the 'Cushingoid! group is a matter for speculation, Perhaps some obese but
otherwise normal individuals have abnormally high adrenocortical activity, and
perhaps others are unduly responsive to stress and to ACTH stimulation, On
the other hand, while the fully developed clinical appearance of simple
obesity and of Cushing's syndrome are well known, nothing is known of the
adrenal activity duriny the months or years leading up to the complete
syndrome, and it is possible that an inereased adrenocortical basal activity,
or hypersensitive response to ACTH, is an early manifestation of Cushing's
syndrome, These two patients were put on a weight-reducing diet and it is
planned to repeat the tests, if considerable weight-reduction, or alternatively
more progress of the clinicel conditions towards Cushing's syndrome occurred,
It is, therefore, anticipated that, in these two cases, typleal findings of
one or the other clinical conditions may develop in due time,

As a result of this classification, therefore, it is concluded that precise
tests of adrenocortical function, such as CPR estimations especially after
ACTH, are quite reliable in the differential diagnosis of obesity and
Cughing's syndrome; normal results should exclude the latter and higher than
normal results in an obese subject should lead to suspicion of the presence
of Cushing's syndrome and warrant a careful follow-up for the development of
further/
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further elinical features of that syndrome.

As already mentioned, other workers have found the clinical features
alone very misleading, since many of the signs or symptoms are common to
obesity and Cughing's syndrome, Similarly, in the present study, inspite
of the association of a greater number of signs and symptoms with Cushing's
gyndrome than with obesity, no specific clinical manifestation was
consistently present in one particular group (see Appendix 1). For example,
trunk obesity, although present in all & cases of Cushing's syndrome, was
encountered in 4 of the 8 obege subjects, Plethora was present in 3 patients
with Cushing's syndrome and 2 obese patients, Striae were found in all
cases with Cushing's syndrome (purple, pink or red in 6 and white or pale
in 2), but were also found in 6 of the obese group (purple, pink or red in
5 and white in 1)s Oedema was present in a patient with Cushing's syndrome
and in an obese subject, hypertension in / cases of Cushing's syndrome and
one obese patient, acne or gkin infection in 3 patients with Cushing's syndrome
and one obese subject and osteoporogis in one patient with Cushing's syndrome
and cne obese subject, Menstrual disturbances were reported by L of the
5 females with Cushing's syndrome (amenorrhoea and menorrhagia) and by
3 obese females (amenorrhoea and irregular periods). Psychological
disturbances were also met with in L cases of Cushing's syndrome (depression
and instability) and in an obese subject (depression and irritability).
Disbetes mellitus, however, was not discovered in any of the obese group and
was found in only one patient with Cushing's syndrome (elevated fasting blood
sugar, delayed glucose tolerance and glycosuria). Similarly, easy
bruisability/
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bruisability was not found in any of the obese subjects but was found in
one case of Cushing's syndrome, and muscle weakness was observed in only
two other cases, Varying degrees of hirsutism were met with in 4 of the
5 females with Cushing's syndrome (in 3 of whom male pubie distribution of
hair was observed), and this was not seen in any of the obese subjects,
but hirsutism was observed in 3 of the 'Cushingoid' group who were subsequently
re-classified into the obese group (in one of them a male pubic distribution
of hair was observed).

The haematological findings and electrolyte levels in blood were within
normal limits in all the subjects studied,

Therefore, it can be concluded that the present findings support previous
reports on the unreliability of the clinical features and the non-steroid
laboratory investigations in the differential diagnosis of Cushing's syndrome
from obesity, and that precise tests of adrenocortical function are not only
reliable but also very essential for the pre-operative differentiation of
these two clinical conditions,
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Table (28)

Cushingoid

Py .5

Cushing's Obese Cushingoid | Obese Chese
a. Control
Miscible pool Leg L8 L8 3.9 3.9 2.3
(mge) 3.9 2.3 1.7 2.3 1.7 1e7
P .01‘. .2<P<.5 P> .5 .05<P<.1 P(.Ol*‘ 005<P<.1
Rate of turnover 0,58 0,58 0,58 0,75 0,75 0449
(pool/hr) 0.75 0e49 0,62 0.49 0,62 0.62
21 <P <42 <P L2 | P> .5 e02 <P <,05] 42 <P <45 | 42 <P <5
CPR: blood 25.2 252 | 252 26,1 2641 26
method 76.1 27-6 22.3 27.6 22.3 22.3
(mg./24hr) « 0R<P<, 05% Py o5  |oXP,5 |405<P<,1 | J02<K,05%] .2 < P<.5
GPR: urine 20,0 20,0 | 20.9 4227 L1s7 2ha7
method FA % 4 2447 19.4 24:2 19,4 19.4
(mge/24hr) +02<P<, 05% 2<P<L5 | P> o5 05 <P<,1 | JOKIK,02%| ,1< Pg,2
Dose excretion; 289 1829 18.9 £1.6 816 2.6
first ‘21; hrs. 8106 79;6 79!5 79.6 79.5 7905
(%) P) 05 | P> 05 P) 05 P 05 P> 5 P) 05
17-KS 829 £.9 8.2 16,8 16.8 11l.3
(mge/24hr) 16.8 11.5 Te5 1l.5 Te5 Tub
« OI< Pg, 02# 2 €PK 5 |2KXP,5 |05 <P<,1 | PL01%* 2 < P G5
Total 17-KGS 2had 1da2d Adesd 28:6 2846 21a3
(mge/24hr) 28,6 21.3 1.5 21.3 1.5 1.5
« 02<P<, 05% O, 1 P> .5 R<P<,5 | JOXFK,05%| ,05¢P<,]
Total plasma 41:9 1192 23.3 233
cortisol 23.3 15.8 11, 15.8 11.6 . 11.6
(P-g./loaﬂl) 002<P<¢05‘ .2(?(05 P) 05 . <P <05 02 <P <05 P) 15
NFB cortisols ™% 4 i Py 4 17 L2 Ls2 226
] Le2 2,6 1.8 2.6 1.8 1.8
(p.g. 00111) P( .01*‘ 01<P <02 P) 05 12 <P< 05 .1<P<02 02 < P< 05
HFB cortisol 4.1 dde1 14.1 17.9 17,9 16,8
in vitro 17.9 16.8 18.5 16.8 18.5 18.5
(%) AL P2 2<PLL5 | JXP,5 P> .5 Ps .5 P> .5
NPB eortisol 1.37
Vo 1.2
(pg./100m1) P> .5
NPB cortisol 8.9
in vivo 11.1
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Table (28) contd
Normal _ | Hormal Normal Jﬁuhmm_ 's [Cushingoid
Cushing's | Cushingoid Obese |Cushingoid | Obese Obese
b, After ACTH
Miscible pool 99 <249 2.9 18,8 18,8 43.9
(mg.) 18.8 15.9 8.9 15.9 849 8.9
OKP<,02% | ,05<P<,1 | P>.5 P> .5 P<,01%* |,02<P<,05%
Rate of turnover 4.00 1,00 1,00 1.10 0,75
{pool/hr) 1,10 0,75 1.00 0.75 1.00 1,00
2 < P<L5 O2<PC05% 1 P> 5 | 0K, 0% P> .5 JO05<PL,1
CFRs blood 232 233 233 L4 A24 arl
method 494 277 193 27 193 193
(mga /240y ) P01 | 2<K,5 [J05<P<,]l [o0XP<,05% [P<,00%*  |,05<F<,1
CPR: blood 210 2.1.2 210 FAYA 40% 2486
method, Increase JAVA 24 171 246 171 171
over control (mg) P<,01%* 2< PG5 [0, | JKP2  |Pc,01%® L05< P<,1
CPR: blood g8z £82 £82 91 224 200
method, Increase 791 900 805 900 805 805
over control (%) P> .5 PS> .5 P>.5 P> 45 P>.5 P> 45
CFRs urine .'I.% 184 284 336 356 prac
method 3 149 108 149 108 108
(mge/24hr) JOKRC,02*% | 2<P,5 [J0KP1 | P<,(1%* [P<,01%* 2<P<,5
CFRs urine 68 168 68 291 22 122
method, Increase 291 122 89 122 89 89
over control (mg) | «2< P 5 P> .5 RPLS | K5 [P LO1*® 2<P< 5
CPRs urine 22 122 22 782 782 521
method, Inerease 782 521 443 521 443 443
over control (%) P> .5 .02 <P<, 05% |, 0IKP<S, 02| W< <5 2<P< L5 P> o5
Dose excretion 2.7 22.7 oy 3.3 23.3 £2.2
first 24 hra,. ?3.3 83.9 7804 83«9 7801# 78!4
(%) R2<PLS5 | J05<P<l | P> .5 IR, 2 P> 5 P> o5
17-Ks 2dsa2 22 2ha2 23:3 22:3 222
(mge/24br) 23.3 19.2 10.4, 1942 10.4 1044
P> .5 P> o5 P < ,01%* P> «5 JOL1<P<, 02* | L1< P<L,2
17-KSs Increase 42,8 128 428 2. 2.8 A
over control (mg) 9.8 8.4 3.2 844 3.2 3.2
P> .5 2< BK,5 |, 0P, 05% P> ,.5 | JKPRG2 » 0K P, 05*
17-KS: Increase 217 217 217 w21 A 401
over control (%) 91 101 45 101 L5 45
o2 <P 5 o2 PGS A< PR2 P> 5 P 5 Jd< K2
Total 17-KGS 113 413 113 103 103 I8
(mg./2%hr) 103 78 52 78 52 52
P> o5 JOL<C B, 02% | P O1** o 2<P<5 P= ,05* «05<P<,1




Iable (28) contd
JNormal . | X Hormal 's_ | Cushing's| Cughingoid
Cushing's |Cushingoid Chese Cushingoid | Obese Obese
Total 17-KGSs 98 2 28 %z k] 36
Increase over 73 37 37 37
control (mg) e 2P 5 PL 0008 PL,** | 2<P<C5 [A<RG2 1P 2
Total 17-KGS3 §72 872 872 316 285
Increase over 316 285 272 285 272 272
control (%) .1<R-2 om<P<¢05* .02<F<.05“ P) 05 P> 5 P) 5
Total plasma 52,6 3246 Z2.8
cortisol 758 61.1 61.1
(}Lg../lOin) 42<K-5 R P<u5 P) S
Total plasna bl bl 280
cortisol: Increase 58.4 49.45 4945
over control (ug) L05<R, 1 P> 5 Py .5
Total plasma 280 280 288
cortisols Increase 388 522 522
over control (%) P> .5 2 <PL5 P>.5
NPB cortisol 36,7 36,7 38.0
Ja.(%lm 38,0 39.2 39.2
L2<PGL P> 5 P> .5
% NPB cortisol 2240 22.0 21.3
21.5 20,7 20,7
Increase over P> S P>45 P> o5
control (absol.)

% NPB cortisol 221 421 124
dn_vitre 12/, 138 138
Increase @ver 2< R4 5 R .5 P> 5

control (%)

NPB cortisol 422:8 19.8 232
33.2 23.9 23.9

(pgs/100m1) «2< PG5 P> 45 F>5

NPB cortisol l&aﬁ 48.18 30,36
30, 22.13 22.13

Increase over PS8 P>.5 P>e5

control (ug)

NPB cortisol 4153 4153 1068
in vitro 1068 1213 123
Increase over P> 5 PS5 P>e5

control (%)
NPB cortisol 2adac
g 34
% o2 Be5
KFB cortisol 15.3
dn vivo 5e2
(1g+/100m1.) 2K K, 5




) B
I lormal | Hormal 's | Cushing's | Cughingoid
Cushing's| Cushingoid Obege | Cusghingoid| Ohese Obese
c. After dexam,
CPRs urine A5:4 LTV A
method 2.4 3.5 3'5
(mg./24hr) A <P 2 | AP R | 4R<PLGS
17-KS 33 202 KA
(mg 0/24}11-) 34 . 3-7 37
P> 45 P> .5 P> 5
Total 17-KGS 10:5 10,5 3.8
(mg./24hr) 3.8 3.7 3.7
1< P2 | JOXKPL05% Py .5
Dose excretion 194 e VA 86,5
%) €6.5 K 7749
3L P22 P> .5 d<PLL2
Weight (Kg) 2222 sl 2L.8 ) as?
P < ,01%* P<,01** [P<,01** |.,1<P<.2 R.5 P> .5
Height (em) 167.6 167.6 I%L.Z 1654
i 161.2 16544 162.0 165.4 162,0 162,0
.2<P<05 P> .5 CKKOS P)ls P).s P> -5
Surfacg area 1.66 L:66 1.98 L.98 2:00
(m®) 1.98 2,00 2,02 2,00 2.02 2,02
-02<P<105* .2<P<.5 P<.01.‘ P> l5 P> !5 P> ’5
Total body lean 42:43 42:43 42al3 52,00 28430
cell mass (Kg) 52490 58430 53.88 58,30 53.88 53,88
O, 05% |,02<KR,05% | 05<KKL.1 |2< PG5 P> o5 P> «5
Total body lean | 73,18 73,18 23,18 52,9 270
cell mass (% of 57.0, 59.71 59.39 59.71 59.39 59.39
total body JOKP, 027 | 0K R, 02* |, 05<FP41 P> 5 P> .5 P>5
weight
Total body fat 16.49 1649 lé..ﬁg .81 40,38
(Kg) 39,81 40,58 40, 40,58 'ﬂz,o.'% 40,46
P<,O1** [P O1%* JOXPL05%| P> .5 P> .5 P> .5
Total body fat &.gé 26,82 &.? L2.96 40.?
(% ‘of total L2, 40.29 40,61 40,29 40,61 40,61
body weight) SR, 02% |, 0K R 02% |, OKK,1 P> 5 P>..5 P>.5
Creatinine 121 1a21 L.21 1.23 L3 Le64
excretion 1,43 1.64 1.54 1.6 1.54 1.54
(go/24hx) XPLS |JOXPLO5* | JKK2  [o2< G5 P> .5 P> .5

* Significant

** Highly significant




group group group group
fe
ACTH dall -t bl Al
Misceible pool (!ﬂso) 9.9 18,8 15.9 8.9
P 010 P 01" P01 P00
Rate of turnover £a58 075 0,48 .62
{pocl/hr) 1,00 1,10 0s75 1,00
P 010 P=, O5% P00 Ol <P 02¢
CPity blood method 25.2 261 26 2.3
(mge/24hr) 235 49L 271 193
P 000e P00 PL01%® P 1%
CPR: urine method 205 ﬂé 2ol A
(mge/24hr) 184, 3 149 108
| 2 S P01 P, 01%* P O1%*
Dose excretion 2849 £laé 296 295
first 2& hr. 79.7 ?3.3 83.9 7803
(%) P> .5 R I W5 <P <aS P> o5
17-K3 (nge/24hr) 38:8 Adad " ]
21,2 23.3 19.2 10,4
P01 R <PL L5 -1<P<.2 LO2 <P 05%
Total 17-K0S Lhal 286 23 La$
(mge/24hr) 115 103 78 52
P JO)1** P 010% PLO1o* P ,01%®
Total plasma cortisol lhz. daall H
fh@-/lM) 520 75-8 1.1
P( 1o P 010 P{ «O1%*
NPB cortisol 488 D,
h_'ﬁ.m ﬁ.'? 38,0 39,2
it P<.G}.". .02'(?(’05. P05<P<'1
iFD cortisol dal o p
19.8 33'2 2309
(}LE- 100m1) 2L b RCPLJO5® Pg J01%®
b. Contrel
Dexamethasone
CFRs urine method L1 2al
(mg-/ﬁ&hrﬂ 15.4 2ed 3.4
% 1 < P( o P <.01.' 4 e 6 Lo
17-E5 (nge/2%hr) A6.8 Aled ~lad.
3.5 304 3-7
« R, 05" ol < P2 P JUL**
Total 17=-KGS 28.6 345
(mge/240r) 10,5 3.8 3.7
W1 B2 PL L0010 P O1%*
Dose exeretion (%) a8 gﬁ L3
®g = Ted o5 T7.2
Significant ¥*Highly significant PS o5 OL<P<l S




Comparison of the results

le *

of the various tests in individual ocases of the four groups studied

Case

Control

After ACTH

Blood |Urine

17-KS

Total
17-KGS

Total
FPlasma
Curtisol
level

NFB

cortisol

CPR

%

level

Blood | Urine

17-K3 | Total
17-KGS

Total
Plasma
Cortisel
level

NPB
cortisol

%

level

Urine

1,

Normal group

1.
2,
Je
b
5e
6.

BeA.
ReB.
Wede
WeH.
M.L.
M.H.
7o MeR.
8. T.T.

+ S.F.

|
1
1+

H |+

i+ |1+ |H |

I+

M|
FYETS TS ITAS

I+ |1+
EARE 2L AN

2e

&, Operated upon
10- JcAo
313 JeTs

12, M.C.
13, JeM.
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Suggestions for future york

The author suggests the following points to be investigated in future
works
1, Investigations into the discrepancy between the blood and the urine
method of CPR after ACTH stimulation, This should comprise firstly,
estimations of the execretion of 6 p~hydroxycortisol and other polar steroids
and secondly, the volume of distribution and whether estimations of CPR
from a double compartment model, instead of from a single compartment model,
would explain this discrepancy.
2, Investigations into the value of estimations of unmetabolised cortisol
excretion as a possible important means of diagnosing Cushing's syndrome,
3. [Establishment of ranges for the in viyo method of simultaneous estimation
of CPR, plasma cortisol and plasma-protein binding of cortisol in a larger
number of subjects from the four groups (normal, Cushing's syndrome, 'Cushingoid’
and obese), The author recommends the routine determination of plasma
proteins in the sample used for estimation of NPB cortisoly allowance for
the volume of plasma proteins will, therefore, be made, and accordingly the
results of estimations of NPB cortisol will be more accurate,
Le Investigation into the question of whether or not a circadian rhythm in
plasma cortisol and the NPB fraction normally exists, and whether or not it
is always lost in cases of Cushing's syndrome, This may prove to be of
great help in the early diagnosis of Cushing's syndrome,
5. Estimation of CPR and steroid execretion after dexamethasone suppression
in a large number of normal subjects, and in cases of Cushing's syndrome, for
the/
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the assegsment of the value of this test in diagnosis.
6, The electron microscopic study of each adrenal gland removed from
cases of Cushing's syndrome, together with ordinary histological examination,
with the aim of detecting any abnormality that may not always be detected in
glands from patients with Cushing's syndrome by the latter methods.
7« Study of the effect of weight reduction on adrenocortical function in
obese subjects. Simllarly, in cases of Cushing's syndrome, if the clinical
condition is not so rapidly progressive as to warrant an immediate surgical
interference, it would be worthwhile to determine the effect of weight reduction
over a few weeks or a few months (according to the progress of the condition)
on adrenocortical function, and to compare this with the response of obese
subjects to a similar regimen,
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Appendix I
Cage reports
(see Appendix II for abbreviations)
The following are the normal ranges for the methods usedi-

gerum or plasma

Sodium 135 - 150 m.W]..
Potassium 3¢5 = 5.5 .
Bicarbonate 2,0 - 28,0 "
Blood urea 1440 = 40,0 mg,/100 ml,
Caleium 9.0 « 11,0 "
PhOBphB.tQ 2.5 - 1’.0 "
Fasting blood sugar 60 - 95 "
Bilirubin 0,1l -0,8 7
Glutamicepyruvic transaminase 5 = 35 units/ml.
Alkaline phosphatase 3 =« 12 King-Armstrong units/100 ml,
Thymol Turbidity 1~ 5 units,
Creatinine clearance 90 -« 150 ml/min,
1_lormal group

Cage No,1 B.A, Sexs M Age: 29 yrs.
Normal volunteer
Wts 63 Kg. Hts 175 cm,

Cage No,2 R.B, Sexs M  Ages 65 yrs.
Diagnosis:s Chronic bronchitis

Wt! 63.4, Kg. Ht’ 17?.8 m. B.P. ,mo
9

Investigationss
Xray chests mild congestion of lungs
Blood pictures Hb. 114%, PCV 50%, MCHC 32%, WCC 6500, Diff. N 69%,
L 26%, M 2%, E 3%.
Electrolytes in bloods Na 136 meq/l, K 4 meq/l, B.U, 27 mg./100 ml.
GPT less than 20 units/ml, Alk,Phos, 10 K-A units/100 ml, T,T. 2 units,



Cage No,3 W.J, Sexs M  Age: 35 yrs.

Diagnosiss Barbiturate overdose, acute renal failure, fully recovered.
Wts 54 Kg.  Hts 170 em,  B.P. 225
Investigationss ™
ECGs NAD
X-ray chest:s NAD X-ray skeletons NAD
Blood pietures Hb, 98%, PCV 48%, MCHC 37%, platelets 350,000,
WCC 9000, Diff, N 83%, L 17%.
Electrolytes in bloods Na 140 meq/l, K 4.3 meg/1, 5003 20,6 meq/1,
B.,U. 39 mg,/100 ml,
Ca 10.4 mg./100 ml, O, 49 mg./100 ml,
Bili. 0,8 mg./100 ml, GPI 1less than 20 units/ml,
Alk,Phos, 11 K-i units/100 m1, T.T, 1 unit,
Cre.cl, 1l42ml/min,
Urine examinations NAD

Cage No.4 W.H, Sexs M  Ages 55 yrs.

Diagnosiss 7 Pericarditis ? myocardial infarction, completely recovered.
Wbs 83.4 Kg. Hts 171.4 cm, B,FP. 1%2,

Investigationss
ECGs 7 pericarditis ? myocardial infarction,
X-ray chests heart enlarged.
Blood picture: Hb, 101%, WCC 10800, Diff, N 80%, L 11%, M 9%,
Electrolytes in bloods Na 140 meq/l, K 5.0 meq/1, HCO, 23 meq/1
Bili. 0,8 mg,/100 ml, GPT 26 units/ml. Alk,Phos. 9 K-A units/100 ml.
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Case lo,5 M,L, Sexs F Ages A2 yrs.
Diagnosis: Functional polyuria and stress incontinence,

Wts 44 Kg. Ht: 156.2 ems B.P, 120
80

Investigationss:
Blood picture: Hb, 96%, FCV 42%, MCHC 34%, platelets 105,100,
WCC 6600, Diff, N 69%, L 27% M 3% E 1%
Electrolytes in bloods Na 139 meq/l, K 4.8 meg/l,
HCO, 26,1 meq/1, B,U. 27 mg./100 ml,
Ca 10,0 mg./100 ml,
Alk,Phoss 4 KA units/100 ml,
Urine examinations NAD
Cr.Cl., 157 ml/min,
Case No,6 M.H, Sexs F Ages 35 yrs.
Diagnogis: Dysuria
Wts 52 Kg. Ht:s 165.1 em, B.P, Jég

Investigations:
X-ray chests: NAD X-ray skeletons NAD
Blood pictures Hb., 81%, PFCV 38%, MCHC 29%, WCC 8700, Diff. N 75%,
L19% M 5% E 1%,
Electrolytes in bloods Na 140 meq/l, K 4.6 meq/1, B.U. 26 mg./100 ml,
Ca 10,6 mg,/100 ml, F0, 3.1 mg./100 ml.
Bili. 0.4 mg./100 ml, GPT 1less than 20 units/ml, Alk,Phos, 7 K=-A units/100ml,

Ch‘.cl. 67 Ml/mint



Cage No,7 M.R. Sexs F Ages 23 yrs.

Diagnosiss Acute remal failure, fully recovered.
Wts 56,7 Kg. Hts 157.4 cm,
Investigationss
Blood pictures Hb, 68%, FOV 32%, MCHC 31%, WCC 9700,
L 20%, M 4% E 1% B 1%
Electrolytes in bloods MNa 141 meq/l, K 4.0 meqg/l,
1{003 21.0 meq/l, B,U, 20 mg./100 ml,
Crecls 150 ml/min,

Lage No.8 T.T, Sexs M Ages 72 yrs.

Diagnosiss dermatitis herpitiformis.
Investigations:
B.Ps 160 X~ray chests NAD
100
Blood pieture: Hb. 73% FPCV 37%, MCHC 29%, WCC 9000,

Fasting blood sugar 82 mg./100 ml.

Cage No,9 S.F, Sexs M Ages 42

Normal volunteer

Diff, N T4%,

Diff, N 75%,
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AI_Cushing's group

(see also table 24 for results of examination of adrenal glands removed at
operation).

Cage No, 10 J.A, Sexs M Ages 55 yrs.
a. Symptoms: Iincreased girth of lower limbs and abdomen, swelling of ankles,
intermittent claudication and plethorie appearance. Duration 6 months.
b. Examinations Wt: 89 Kg, Hts 157.4 em, B.P, %29%
Skin: secaly and reds Boils: recurrently occurring,
Obesitys marked, mainly at lower abdominal girth,
Striaes inumerous on lower abdomen, FPurple. Oedemas at lower limbs,
Face: plethoric. Muscle weaknesss marked, Easy bruisability,
¢. Investigations:
ECGs KHAD,
X~-ray chest: considerable cardiac enlargement,
X-ray skeleton: lumbar scoliosis with wedge deformity of L 1.4,
Blood pictures Hb, 95%, FCV 43%, MCHC 32,5%, WCC 10200, Diff, K 75%,
L 15%, M 5%.
Electrolytes in bloods Na 141 meq/l, K 4.3 meq/l, HCO, 25.8 meg/1,
BU 51 mg./100 ale
Ca 12.0 mg,/100 ml, PO, 2.8 mg./100 ml.
Bili. 0.5 mg./100 ml, GPT less than 20 units/ml.
Alk,Phos, 5 E-A units/100 ml, T,T. 1 unit,
G, T,Tet F 73 mg./100 ml, 3hr 95 mg,/100ml, 1 hr 133 mg./100 ml,
1% hrs. 85 mg./100 ml, 2 hrs, 73 mg./100 ml,
Cr.el 92 ml/min,
de Treatment and follow up: Bilateral adrenalectomy and replacement therapy.

Marked improvement of clinical picture after operation.
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Case lig,1l J.T, Sex: F Age: 17 yrs.
a. OSymptomss increase in weight of 32 Kg., striae and menorrhagia in the
past 6 months,
b, Examinations Wts 87 Kg, Hts 160 em. B.P, 150
Skins NAD, Acnet nil, Bruising: nil, Hliigutismz nil,
Ubesitys marked, mainly trunk obesity.
Striae: marked. On ﬁ, breasts, flanks and abdomen, Reddigh.
Face: round and full, Oedemas nil, Genitals:s normal,
¢. Investigations:
ECG HNAD
X~-ray chest: NAD, X=-ray skeletons: HAD,
Blood pictures Hb, 94%, FCV 43%, MCHC 30%, WCC 6700, Diff, N 80%,
L 15%, M 4%, L 1%, platelets 270,000,
Electrolytes in bloods Na 133 meg/l, K 4.5 meq/l, HCO, 24 meg/l1,

3
BU 10 mg./100 ml,

4
Bili. 0.2 mg.,/100 ml, GPT 21 units/ml. Alk.Phos, 5 KeA units/100 ml,

Ca 9.4 mg.,/100 ml, PO, 3.0 mg,/100 ml,

T.T. 2 units,
GeT.Tes F 72 mg,/100 ml, $hr 148 mg,/100 ml, 1 hr 144 mg,/100 ml,
13 hrs 120 mg,/100ml, 2 hrs 118 mg,/100 ml, 2% hrs &2 mg./100 ml,
3 hrs 60 mg./100 ml,
Cr.cl 162 ml/min.
de Treatment and follow ups Bllateral adrenalectomy and auto-transplantation.
Marked improvement of the e¢linical condition post-operatively.
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Cage No,12 M.C, Sexs F Age:s 36 yrs.
a, Symptomss hirsutism, gain in weight of 30 Kg. Duration 10 years,
Amenorrhoea and depression for 6 months,
bs Examinations Wts 108 Kg, Hts 166,3 em. B,P. 2190
Skins NAD, Acnes slight, Bruising: nil, ﬁgmtiam marked, On
choeks, chin, chest with a pubic masculine distribution,
Chegitys marked. Mainly trunk obesity. Cervico-dorsal hump.
Strise:s present, White. On abdomen and thighs, Duration 10 years.
Faces Flethoric, moon face, No muscle weakness.
Genitals: normal, No oedema,
¢ Investigations:
ECGs NAD
X-ray chest: NAD X-ray skeleton: NAD
Blood pictures Hb, 94%, PCV 39%, MCHC 35.5%, WCC 11000, Diff, N 63%,
L 35% M 2%, platelets 380,000,
Electrolytes in bloods Na 140 meq/l, K 4.8 meq/l, HCO, 18.8 meq/1
BU 10 mg./100 ml,
Ca 10,8 mge /100 ml, POL 2.9 mg./100 ml,
Bili, 0.7 mg./100 ml, GPT 31 units/ml.
Alk,Pnos. 3 K-A units/100 ml, T,T. 3 unite,
G.T,T.s F 72 mg,/200 ml, # hr 90 mg.,/1C0ml, 1 hr 100 mg./100 ml,
1% hws 68 mg./100 ml, 2 hrs 48 mg,/100 ml, 2% hrs 60 mg,/100 ml,
3 hrs 60 mg./100 ml,
Cr.cl 169 ml/min,
de. Treatment and follow ups Bllateral adrenalectomy and auto-transplantation,

Marked improvement of clinical condition post-operatively.
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Cage No, 13 J.M, Sexs M Ages 31 yrs.
a, Symptomss: progressive increase in weight since 5 years. Weakness and
Depression since 6 months,
b, Examinations Wt: 116,8 Kg. B.PF, lgg

Skins NAD Acnes on chest and back. No bruising,
Thinning of the frontal scalp hair,
Obesitys marked., Mainly trunk, Supraclavicular pads of fat,
Striae: present on the abdomen, Purple.
Face: round and flushed,
No muscle weakness or oedema.
¢s Investigationss
X-ray chest: NAD X-ray skeleton: NAD
Blood pictures Hb, 104%, POV 46%, MCHC 31,5%, WCC 8800,
Electrolytes in bloods Na 154 meq/l, K 5.3 meq/l,
Hco3 24,6 meq/l, BU 15 mg./100 ml. ‘
G,TeTe: F 80 mg,/100ml, # hr 136 mg./100ml, 1 hr 100 mg./100 ml,
1% hrs 68 mg./100 ml, 2 hrs 72 mg,/100 ml, 2} hrs 68 mg,/100 ml,
de Treatment and follow ups bilateral adrenalectomy and replacement therapy.

Marked improvement of c¢linical condition post-operatively.
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Cage No, 14 G,F, Sexs M  Ages 27 yrs.
a. JSymptomss progressive increase in weight. Depression,
b, Examinations Wts 78,8 Kg. Ht, 166.3 ecm, B.P. J40
Skins NAD No acne cor bruising, e
Obesity: marked, Mainly trunk obesity.
Striaes: present on the abdomen. Purple,.
Facet moon face., Flethoric,
No muscle weakness or oedema,
Psychological disturbances.
ce Investigations:
X-ray chest: NAD X-ray skeletons NAD
Blood pictures Hb, 111%, PCV 51%, MCHC 32%, WCC 11200, Diff, N 68%,
L28% M 1% B 1%, E 2%,
Electrolytes in bloods Na 141 meq/l, K 4.8 meq/1,
HCO, 2343 meg/l, BU 12 mg./100 ml,
GPT 1less than 20 units/ml,
Alk,Phos, 7 K-A units/100 ml, T,T, 1 unit,
GeTeTat F 146 mg,/100 ml, % hr 20, mg./100 ml, 1 hr 26/ mg./100 ml,
1% hrs 246 mg,/100 ml, 2 hrs 200 mg,/100 ml, 2} hrs 182 mg./100 ml,
3 hrs 160 mg,/100 ml.
Urine examination: glycosuria,
Cre6l 115 ml/min,
ds Treatment and follow ups bilateral adrenalecetomy and auto~trangplantation,
Merked improvement of elinical condition post-operatively -« glycosuria

persisted,
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Cage No, 15 H,T, Sex: F Ages 21 yrs.
a. Symptoms: progressive increase in weight, hirsutism, amenorrhoea and
depression, Duration 18 months.,
b, Examination: Wts: 85,1 Kg, Ht: 158,7 em. B.,F. 1235
Skin: NAD Fo acne or bruising. 7
Hirsutism: marked. Abdominal musculine distribution,
Obesitys marked, Trunk obasity.
Striae: present on the abdomen. Purple,
Faces full. Normal genitalia.
No muscle weakness or oedema,
Psychological instability.
ces Investigationss
X-ray chests 14D L-ray skeletons NAD
Blood picture: Hb., 98%, PCV 45%, MOHC 32,5%, WCC 11900,
Diff, 58%, L 34%, M 5%, E 3%
Electrolytes in bloods Na 132 meq/l, K 4.l meq/l,
HCO, 2/.6 meq/l, BU 14 mg./100 ml.

Ca 9.9 mg./100 ml, PO, 4«6 mg./100 ml,

de Treatment and follow ups bilateral adrenalectomy, Marked improvement after

operation of her clinical condition.
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Cage No, 16 E.S. Sexs F Ages 22 yrs.
a, Symptoms: increased body weight, growth of facial and abdominal hair;
duration 4 years. Amenorrhoea; duration 2 years.
by Examination: Wbts 54.2 Kg. Hts 157.4 ems B,P. 40
Skins very fine. No acne or bruising, 7
Hirgutism: on chin, abdomen, arms, buttock and sacrum, Male pubie
distribution of hair,
Obesitys moderate. Mainly trunk,
Striae: present on upper arms and abdomen, Fale,
Face: full, No ocedema or muscle weakness.
Normal genitalia,
¢+ Investigations:
X=ray chest: HAD
Blood plcture: Hb, 96%, FOV 46%, MCHC 30%, WCC &700,
Diff, N 61%, L 33%, M 6%.
Electrolytes in bloods HNa 142 meg/l, K 3.8 meq/1,
HCO, 27.7 meq/l, BU 10 mg./100 ml,
G,T,T,s F 88 mg.,/100 ml, % hr 140 mg./100 ml, 1 hr 94 mg./100 ml,
1% hrs 80 mg,/100 ml, 2 hrs, 82 mg,/100 ml, 3 hrs 80 mg./100 ml,
de Treatment and follow up: bilateral adrenalectomy and replacement therapy.

Marked improvement after operation of the clinical condition,
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Case No, 17 C.M, Sex: F Age: 18 yrs.
a. OSymptomss progressive increase of weight since age of 8, Hirsutism
started with onset of menstruation.
b. Examinations Wts 83,3 Kgs B.P. 140
Skins NAD No acne or bruising.go
Hirsutisms marked. Upper lip, chin, chest, back, arms and legs.
Cbesity: moderate, Mainly trunk,
Striaes present on upper arms and flanks, Pink,
No muscle weakness or oedema., Normal genitalia.
¢, Invegtigationss:
ECG. NAD
X-ray chest: NAD X~-ray skeleton: NAD
Blood pictures b, 90%, PCV 40§, platelets 320,000, WCC 5800,
Electrolytes in blood: Na 146 meg/l, K 4.1 meq/l,
HC03 23 meq/l, BU 16 mg./100 ml,
GeToT.s F 88 mg./100 ml, # hr. 114 mg,/100mi, 1 hr 122 mg./100 ml,
13 hrs 108 mg./100 ml, 2 hrs 83 mg./100 ml, 2} hrs 92 mg./100 ml,

3 hrs 92 mg,/100 ml, 3% hrs 86 mg,/100 ml,



Cage No, 18 4A.D, Sexs F  /ges 19 yrs.
as OSymptomss increase in weight, tiredness, low back pain, striae on thighs,
Duration 6 months.
b, Examinations Wts 79,8 Kg. Hts 157.4 eme B.P, 130
Skins NAD No acne or bruising. BFo hirautiam.ao
Ubesitys moderate., General but mainly trunk obesity,
Strises present on thighs and abdomen, Purple.
Faces moon face, Normal Genitalia.
Muscle weaknesss pregent.
No oedema,
Marked psychological instability,
¢. Investigations:
ECG: NAD
X-ray chest: NAD l-ray skeletoni: NAD
Blood pictures Hb, 93%, FPCV 41%, MCHC 33%, WCC 4200, Diff, N 65%,
L 30%, M 3% E 2%, platelets 150,000,
Electrolytes in blood:s Na 138 meg/l, K 3,7 meq/l,
HCO, 25.3 meq/l, BU 32 mg./100 ml,

3
Ca 11,2 mg./100 ml, PO, 4.7 mg,/100 ml,

Bili, 0.3 mg./100 ml, :m less than 20 units/ml,

Alk,Phos, /4 KA units/100 ml, T,T, 1 unit

GyT4Tes F 92 mg,/100ml, % hr 118 mg,/100 ml, 1 hr 104 mg,/100 ml,
1} hre 106 mg,/100 ml, 2 hrs 82 mg,/100 ml,

Cryels 123 ml/min,
ds Follow-ups patient was kept under observation. The clinical condition
deteriorated after 5 months and the patient became more psychologically
unbalanced,
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Cage No, 19 W.C. Sexs M Age: 27
a, Symptomss progressive increase in weight since 6 years. Dyspnoea.
Excessive sweating.
b. Examinations Wts 133.6 Kg, Ht: 180,3 em. B,P, 180
Skins HAD No aene or bruising. e
Ubesity:s marked., Mainly trunk,
Striaes present over axillae, chest, abdomen and thighs. Purple.
Duration 1 year.
Faces: moon face,plethoric, No muscle weakness or oedema,
¢« Investigations:
ECG NAD
i~ray skeleton: Lumbar osteoporosis.
Blood pietures Hb, 80%, PCV 59%, MCHC 31%, WCC 11700, Diff. N 75%,
L 19%, M 6%, platelets 215,000,
Electrolytes in bloods Na 138 meq/l, K 3.8 meq/1,
Hc03 30,0 meq/l, BU 40 mg,/100 ml,
Ca 9.8 mg./100 ml,
Bili, 0.5 mg./100 ml, GPT less than 20 units/ml,
Alk.Phose 10 K~A units/100 ml, T.T, 2 units.
GeT.Tes F 62 mg,/100 ml, #hr 116 mg.,/200ml, 1 hr 112 mg,/100 ml,
13 hr 66 mg,/100 ml, 2 hr 40 mg./100 ml,
Cr.cl 138 ml/min,
de Follow-up:s had it not been for the fact that the caloric intake was 12,000
calories/day, a diagnosis of Cushing's syndrome would have been justified,
The patient was given a dietary regimen to reduce his weight and was kept

under observation,
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Cage lio, 20 D,M, Sexs M Ages 21 yrs.
as Symptomss increase in weight, Dyspnoea., Oedema around the ankles.
Duration 6 years.

b, BExaminations Wt: 121.8 Kg. Ht: 175,2 ems B.P. 150
80

Skins NAD No acne or bruising.
Obesitys marked, DMostly on face, neck, abdomer and buttocks,
Striaes Present on the abdomen, chest and buttocks. Pink,
Face: full, No muscle weakness,
Slight oedema of -nkles.
c. Investigationss
ECG NAD
X=ray chests NAD X-ray skeleton: narrowing of ILi=5 space
Blood pictures Hb, 100%, FPCV 47%, MCHC 35%, WCC 8600, Diff, N 54%,
L 30% M 11% E 5%, platelets 250,000,
Electrolytes in blood: Na 143 meq/l, K 4.2 meq/l,
HCO, 22,7 meq/l, BU 33 mg,/100 ml,

3
Ca 10 mg./100 ml, PO, 3,5 mg./100 ml,

Bili, 0.8 mg./100 m1.4 GPT less than 20 units/ml.

Alk,Phos, 13 K-A units/100 m1, T,T, 2 units,

G.TTet F 92 mg,/200 ml, # hr 133 mg./100 ml, 1 hr 150 mg./100 ml,
13 hrs 133 mg./100 ml, 2 hrs 92 mg./100 ml,

Cr.el 157 ml/min,

de Follow-up: patient was put on a reducing diet and kept under observation,
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Case No, 21 T.M. Sexs M  Age: 18 yrs.
a. OSymptomss sudden increase in weight with development of striase on the
buttocks, Duration one month,
b, Examination: Wt: 86.3 Kg. Hts 177.8 em, B,P. 150
Skins NAD No acne, bruising or oedema, =
Ubesitys moderate, Mainly on the buttocks,
Striaes present on the buttocks. Red,
Face: full. No muscle weakness,.
¢, Investigationss
ECG NAD
X-ray chests NAD X-ray skeletons NAD
Blood pictures Hb, 102%, FCV 47%, MCHC 32%, WCC 5850,
Electrolytes in bloods Na 137 meq/l, K 4.4 meq/l,
HCO, 25 meq/l, BU 2,9 mg,/100 ml, Ca 9.8 mg./100ml, POA 2.9 mg,/100ml,
Bili, 0.6 mg./100 ml, GFT 3 units,
Alk,Phos, 14 E-A units/100 ml, T.T. 2 units,
GeToTes F 103 mg./100 ml, #hr 136 mg./100 ml, 1 hr 126 mg,/100 ml,
1} hrs 110 mg,/100 ml, 2 hrs 106 mg,/100 ml,
d, Follow-up: patient was put on a reducing diet, Reduction in weight and

improvement of the clinical condition occurred,



- 315 -
Cage No, 22 C.A, Sex: F Ages 26 yrs.
a, Symptomg: hirsutism, inerease in weight and irregularity of periods.
Duration 4 years.
b, Examinations wWts 61,1 Kg. Hts 154.9 ems B.P. 135
8king NAD  No bruising, oedema or acne, *
Hirgutism: marked on face, Slightly on legs and abdomen,
Obesitys patient is plump rather than obese, especially at the abdomen.
Strise: present on the abdomen, White,
Faces full, No muscle weakness and normal genitalia,.
¢. Investigationss
X-ray chests NAD X-ray skeleton: NAD
Blood pletures Hb, 88%, FCV 42%, MCHC 30,5%, WCC 10000,
Diff, N 5.% L 39%, M 4% E 2% B 1%,
Electrolytes in bloods Na 142 meg/l, K 4.5 meq/l,
HCO, 27.7 meq/l, BU 15 mg,/100 ml,
GoT.T,t F 78 mg,/100 ml, % hr 90 mg,/100 ml, 1 hr 108 mg,/100 ml,
1% hrs 112 mg./100 ml, 2 hrs 78 mg./100 ml, 2} hrs 60 mg./100 ml,
de Follow-ups patient was put on a reducing diet and kept under observation.
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Cage No, 23 D.S, Sexs P Ages 34 yrs.

a, OSymptoms: obesgity started 4 years ago, hirsutism started 8 years ago,
lethargy began 1l years ago and irregular menstruation with periods of
amenorrhoea started 16 years ago., There was a family history of obesity.

be Examinations Wts 118,1 Kg. Ht: 170 em, B.P. 140
Skint NAD No acne, brulsing or oedema. 7
Hirsutisms moderate.,

Obegity:s marked, General but mainly trunk obesity.
Striases present on breasts and abdomen, FPurple,
Faces full,
No muscle weakness and genitalia are normal.
¢e Investigations:
ECG NAD
X=ray chest: WNAD Z-ray skeletons NAD
Blood pictures Hb, 89%, FCV /6%, MCHC 29%, WCC 6600, Diff, N 78%,
L 2%, M 1%, E 1%, Platelets 250,000,
Electrolytes in bloods Na 136 meq/l, K 4.8 meg/l, HOO, 2443 meq/1,
BU 30 mg./100 ml,
Ca 8.9 mg./100 ml, PO, 3.4 mg./100 ml,
Bili, 0,4 mg,/100 ml, GPT Less than 20 units/ml.
Alk.Phoss 7 K=-A units/100 ml, T,T. 2 units.
GeT.Tes F 8, mg./l00ml, # hr 128 mg./100 ml, 1 hr 150 mg./100 ml,
15 hrs 118 mg./100 m1, 2 hrs 80 mg,/100 ml.
Creels, 105 ml,/min,
ds Follow-up: patient was put on a reducing diet and kept under observation,
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Cage No, 24 M.K, Sex: F Ages 15 yrs.
a. OSymptomss sudden increase in weight, started three years ago, with
pigmentation of areas of pressure (waist, brassier) and nipples,
b, Examinations Wts 76,9 Kg. Hts 158,7 eme B.P. 115
Sking NAD Slight acne on face. 7
No bruising, oedema or hirsutism.
Obesitys moderate, Mainly trunk and upper thighs,
Striae: present on breasts, abdomen and axillae, Pinkish white.
Faces round, No muscle weakness and genitalis are normal,
¢, Investigationss
Blood picture: Hb, 96%, FCV 36%,
Blood electrolytes: Na 145 meq/l, K 4.7 meq/l,
HCO, 235 meq/l, BU 30 mg,/100 ml,
d. Follow-up: patient was put on a reducing diet and kept under observation,
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Cage No, 26 D,Y, Sexs F Ages 32 yrs.
a, Symptomss increase in weight, hirsutism of the face and oedema around the
ankle, Duration 13 years.
be Examinations Wkt 75.7 Kg. Hts 148,5 em, B.,P, 120
Skins MNAD No brulsing or cedema but acne are p;-rgant on face.
Hirsutism: present on chin, side of face, around nipples, on legs and
arms, FPubic male distribution,
Obesity: moderate, Mainly trunk obesity.
Striaes present on abdomen, thighs and arms, FPurple.
Faces round,
No muscle weakness and genitalia are normal.
¢s Investigationss
ECG NAD
X-ray cheat: TAD
Blood pictures Hb, 77%, WCC 8500,
Electrolytes in bloods Na 131 meg/l, K 4.6 meq/1,
HCO, 21 meq/l, BU 34 mg./100 ml,

3
Ca 11.2 mg,/100 ml, PO, 3.7 mg,/100 ml,

Bili, 0.5 mg./100 ml, :PT less than 20 units/ml.

Alk.Phos., 7 KA units/100 ml,

G.T,Tes F 75 mg,/100 ml, Fhr 158 mg,/100 ml, 1 hr 220 mg,/100 ml,
1% hrs 175 mg./100 ml, 2 hrs 116 mg,/100 ml, 2% hrs 90 mg./100 ml,

de Follow-ups patient was put on a reducing diet and kept under observation.
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LV __Obege group

w A.M, Sexs M Age:s 34 yra.

Symptomss obesity, breathlessness on slight or moderate exertion., Duration

since childhood.

Examination: Wts 152.7 Kg. Hts 179 em¢ B.P. 170

120
Skins HAD No bruising, acne, oedema or muscle weakness.

Cbesitys marked, General.
Striases present on the upper thighs, White.

Face: normal,

Investigationss

ECG  NAD

X-ray chest: NAD X-ray skeleton: NAD

Blood pictures Ib, 95%, KV 47%, MCHC 31.5%, WCC 7400, Diff, N 53%,
L 38%, M 9%, platelets 310,000,

Electrolytes in bloods Na 144 meq/l, K 3.7 meg/l1,
HCO, 27.6 meg/l, BU 8 mg,/100 ml,

3
Ca 11.6 mg./100 ml, FO, 4 mg./100 ml. Bili, 0.3 mg./100 ml.

Alk.Phos. 6 K=i mits/lﬁo mle ToT. 1 unit, GPT less than 20 units/ml.

G.T.Tes F 82 mg,/100ml, # hr 102 mg./100 ml, 1 hr 120 mg./100 ml,
1% hrs 80 mg./100 ml, 2 hrs 72 mg./100 ml, 2 ¥hrs 72 mg./100 nl,
3 hrs 70 mg./100 ml,

Cr.cl 61 ml,/min,

Follow-up: patient was put on a reducing diet and kept under observation.
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Cagse o, 27 R.,A, Sexs M Age 12 yrs.
a, Symptoms: breathlessness on slight or moderate exertion, Of 1-2 ymars
durations
bs Examinations Wts 67.4 Kg. Ht. 1.9.8 em, B,P, ]ﬁ
Sking HNAD ©No bruising, ocedema or muscle weakness.
Slight acne on face,
Obegitys moderate. Mainly trunk.
Striaes present on thighs and axillae. Red,
Faces normal,
c, Investigations:
ECG RAD
X-ray chests HNAD  X-ray skeletons slight loss of bone density (except in
Blood picture: Hb, 88%, KV 40%, MCHC 33%, WCC 3800, —
Diff, N 32¢, L 58%, M 10%, platelets 320,000,
Electrolytes in bloods Na 138 meq/l, K 4.5 meq/l,
H00, 23.8 meq/l, BU 32 mg./100 ml,
Ca 1l.2 mg./100 ml, FO, 4.8 mg./100 ml,

4
Bili, 0.2 mg./100 ml, GPT less than 20 units/ml.

Alk,Phos, 19 K-A units/100 ml. T,T. 1 unit,

GoT.Tot F 80 mg,/100 ml, 4 hr 84 mg./100 ml, 1 hr 92 mg./100 ml,
13 hrs 89 mg.,/100 ml, 2 hrs 88 mg./100 ml,

Cre.cl 108 ml/min,

d. Follow-up:s patient was put on a reducing diet and kept under observation.
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Cage Mo, 28 T.A, Sexs M Ages 17 yrs.

a., JSymptomss obesity. Dyspnoea on moderatc exertion, Duration 8 years,
be Examinations Wts 143.6 Kgo Ht, 170 eme B,Pa 140

Skin: MAD DNo acne, brulsing or oedema, .

Obesitys marked, Chest, neck, abdomen and buttocks.

Strises Present on thighs and abdomen. Purple.

Faces normal but slightly plethorie,

No muscle weakness.
ce Investigations:

ECG HNAD

Blood picture:s Hb, 95%, IRV 43%, MCHC 32%, WCC 8300, Diff. N 51%,

L 32% M 11%, E 6%, platelet 250,000,
Electrolytes in bloods Na 136 meq/l, K 3.9 meq/l,
HCO, 20 meq/l, BU 31 mg./100 ml,

Ca 946 mg./100 ml, PO, 3.2 mge/100 ml,

Bili, 0,8 mg,/100 ml, GPT less than 20 units/ml.

Alk.Phose 13 K-A units/100 ml, T.T. 1 unit,

GeTeTes F 78 mg,/200 ml, #hr 116 mg,/100 ml, 1 hr 98 mg,/100 ml,

1% hrs 70 mg./100 ml, 2 hrs 64 mg./100 ml.

Crecle 234 ml/min,

de Follow-ups patient was put on a reducing diet and kept under observation,
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S22 50, 23 OCule Sexs F Ages 14 yrs.
se OJymptomss Iincrenss in welght, Duration J years. Family history of obesity,
be Examinations Wt 9643 Hge Hbt 16348 ome B, ]ﬁg
Gking NAD  Fo brulsing, acne or ocedema
Yo hirsutiss or muscle weakncas,
(hesitys =arked, General,
Jtrises fow on thighs and axillase, Red,
Facss fall, Hormal genitalia,
¢y Invastigationss
ECG NAD
i=ray skeleton: NaD
Blood pletures Hb, 988, POV 43%, MOHC %, WG 7700, Difr, © 64%,
L 274, M g% B 1%, platelets 250,000
Qectrolytes in hloods Na 134 meq/l, K 4.3 meq/l,
0, a8 meg/l, BU 27 mg./100 al.
Ca 10wk mge/200 w1, PO, 303 mge/100 nls
B, Ouf mge/100 m), GIT lespa than 20 unite/ml.
Alke Phose 9 Fed unit/100 ml, 7,7, 1 unit,
GeToTet F 70 mgs/100 ml, & hr 72 ng,/100 w3}, 2 hr, 76 mg,/100 md,
e 7ng./20m, 2hr 78 ng./100ml, 2§ hr 53 ng./100 m,
3 53 ng./100 ml,
Crevl 123 ml/min,
de Followups patient was put on 2 reducing dist and kept wnder cbservatien,
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Cage No, 30 H.L, Sexs F Ages 31 yrs.
a, OSymptomss gradual increase in weight., Vague sensations of aches and
digziness, Thirgt, polyuria and depression, Duration 1 year.
b, Examinations Wts 58,2 Kg. Hts 160 cm. ' B.Pe 2160
Sking rather dry. No acne, bruising or oedoma?4 No hirsutism,
Obegity: slight. General,
Striae; nil.
Faces normal,
No muscle weakness, Normal genitalia,
¢s Investigationss
850G 7RBBB (Right bundle branch block)
X~ray chest: NAD X-ray skeletons NAD
Blood pictures Hb, 89%, ROV 428, MCHC 31.5%, WCC 7000, Diff, N 65%,
L 308, M 3% E 2% platelets 150,000,
Electrolytes in bloods HNa 138 meq/l, K 4.3 meg/l,
HCO, 23 meq/l, BU 32 mg./100 ml.
Ca 104 mg./100 ml, POA 3.1 mg,/100 ml.
Bili, 0,3 mg.,/100 ml, GPT less than 20 units/ml,
Alk,Phose 5 K=& units/100 ml. T.T. 6 units,
GeToTes F 82 mg,/100 ml, % hr 114 mg,/100 ml, 1 hr 100 mg./100 ml,
1% hre 92 mg,/200 ml, 2 hr &, mg./100 ml,
Cr.el 109 ml,/min
de Pollow-ups petient was put on a reducing diet and kept under observation,



Cage No, 31

=1

b

Ca

de

Symptomss

- 32h -
AyIo Sex: F Ages 24 yrs.

inerease in weight of 3 years duration, ILethargy, bouts of

depression and irritability and irregularities of menstruation of 7 months

duration, There was a family history of obesity.

Examinations Wt: 97 Kg, Ht: 160 em, B.P. 110

Skins

80
soft No aecne, bruising or oedema,.

No hirsutism or muscle weakness. Normal genitalia,

Obesity: marked. Mainly on chest and abdomen,

Striaes
Faces

Investigat

present on abdomen and axillae, Purple,
full,

ions:

ECG HNAD

X-ray chests NAD X-ray skeletons NAD

Blood picture: Hb, 92%, POV 43%, MCHC 31,5%, WCC 7400,
L 53% M 3%, BE 3%, platelets 270,000,

Electrolytes in blooeds Na 136 meqg/l, K 4.5 meqg/l,
HCO, 2449 meq/l, BU 29 mg,/100 ml,

3
Ca 9.5 mg./100 ml, PO, 4.0 mg./100 ml,

Bili.

4
0.5 mg./100 ml, GPT less than 20 units/ml.

Alk,Phose 5 K~A units/100 ml, T.T. 2 units,
F 92 mg./100 ml, # hr 140 mg./100ml, 1 hr 140 mg./100 ml,
1} hrs 120 mg./100 ml, 2 hrs 124 mg,/100 ml,

GeTeTos

Cre.cl.

Follow-ups

142 ml/min.
patient was put on a reducing diet and was kept under

observation.

Diff, N 41%,
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Cage No, 32 CsR. Sex: F Ages 20 yrs.

Q.

b,

Ce

de

Symptomss
Low back pain and blackouts of 6 months duration, Irregularity of

Follow=ups

menstruation since menarche,

Examinations Wt: 95.9 Kg. Hts 151.1 cme B.P. 160

98
Skins NAD No acne, bruising or oedema,

No hirsutism,

Obesitys marked, General but mainly on trunk,

Striaes present on axillae, thighs and abdomen, Reddish,
Faces round, HNormal genitalia,

No muscle weakness.

Investigationss:

ECG NAD

X-ray chest: NAD X~ray skeleton: NAD

Blood picture: Hb, 91%, PCV 42%, MCHC 32%¢, WCC 6800,
L 34% M 3%, platelets 350,000,

Electrolytes in blood: Na 142 meq/l, K 3.9 meq/l,
HCO, 27.3 meq/l, BU 20 mg,/100 ml.

3

Ca 11.5 mgo/lm ml’ m‘ 3.6 ﬂlgn/lm ml‘

B.'lli. 0.2 mgo/lw mlo GPT less than 20 unita/ml.
Alk,Phos, 80 KeA units/100 ml, T.T. 1 unit,

Diff,

inerease of weight (38 Kg.) and amenorrhoea of 14 months duration.

N 64%,

GoTaTes F 74 mg,/100ml, % hr 152 mg,/100 ml, 1 hr 150 mg./100 ml,
1% hrs 98 mg,/100 ml, 2 hrs 68 mg./100 ml, 2% hrs 76 mg./100 ml,

Crecl, 109 ml/min.

Patient was put on a reducing diet and kept under observation.
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Cagse No, 33 M.S, Sexs F Age:s 14
a., Symptoms: obesity since she was infant, Recent increase in obegity and
irregular menstruation, There was a family history of obesity.
b. Examinations Wb: 92,9 Kg. Hts 162.5 ems B.P. 130
Sking NAD No bruising, oedema or acne. "
No hirsutism or muscle weakness.
Obesitys marked., General.
Striae: present on abdomen and axillae., Pink,
Faces round and slightly plethoric,
Normal genitalia.
¢. Investigationss
X-ray chest: NKAD X-ray skeleton: NAD
Blood picture: Hb, 85%, FCV 39%, MOHC 32,5%, WCC 4200,
Diff, N 54%, L 32% M 11%, E 2%, B 1%, platelets 185,000,
Electrolytes in bloods Na 136 meg/l, K 3.9 meqg/l,
HCO, 26 meq/1, BU 29 mg,/100 ml.

3
G& 10.6 mg./lOO ml. 3] 4.0 mg./lm ml,

Bili, 0,2 mg./100 ml, é?r less than 20 units/ml,

Alk.Phos, 13 K-A units/100 ml, T.T. 1 unit,

GoTeTes F 112 mg./100 ml, # hr 160 mg.,/100ml, 1 hr 12/ mg,/100 ml,
13 hrs 132 mg,/100 ml, 2 hrs 102 mg,/100 ml, 2% hrs 102 mg,/100 ml,
3 hrs 100 mg./100 ml,

Cr.cl 170 ml/min.

de Follow-up:t patlent was put on a reducing diet and kept under observation,



Aas Steroidsg

Adrenogterone
Aldosterone

Allo-

Androstenedione
Androgterone
Cholesterol

Compound A (Kendall's)

Compound B (Kendall'sg
Compound E (Kendall's
Compound F (Kendall's)
Compound S (Reichstein's)

Cortexone
Corticosterone
Cortisol

Cortisone
Cortol
a=cortol
p=cortol
Cortolone
a=cortolone
p=cortolone
CPR
Dexamethasone

DHA
DHE
DHF
Doc

Epi-

Estradiol

Etiocholanolone
9a=Fluorocortisol (9a~FF)

20a~Hydroxycholesterol
17a~Hydroxypregnaneolone
17a=-Hydroxypregnenolone

11p-Hydroxyprogesterone
17a=Hydroxyprogesterone

Androst-/~ene-3,11,17-trione

118, 21=dihydroxy-3, 20=-d ioxopregn=4=ene~18-al
S5a=-derivative

Androgte/~ene-3,17-dione ( /_‘(‘-androstenedione)
3a~hydroxy-5a-androstan-17-one
Cholegt~5~ene~3p=0l

1l-dehydro-corticosterone
R1l-hydroxypregn-4~ene-3,20, 11-trione
Corticosterone, Reichstein's compound H (see below)
Cortisone, Reichstein's Compound Fa (see below)
Cortisol, Reichstein's compound M (see below)
1l-deoxycortisol

17a,21-dihydroxypregn-/~ene-3, 20-dione

DOC (see below)

118, 21~dihydroxypregn=4=ene-3, 20-dione
Hydrocortisone

118, 17a, 21=trihydroxypregn=4=ene=3, 20-dione
170, 21=dihydroxypregn~i-ene=3,11,20-trione

5p-pregnane-3a,118,17a, 200, 21=-pentol
5p=pregnane-3a,118,17a,20p, 21=pentol

3a,17a,20a, 2Q1=tetrahydroxy-5-pregnane-ll=-cne

30,170,208, 21=tetrahydroxy-5p-pregnane-ll-one

Cortisol production rate

l6a-methyl=9a=fluoro=-118,178, 2l-trihydroxy-pregn-
1,/~diene=3,20-dione

Dehydroepiandrosterone

3p-hydroxyandrost-5-ene~17-one

Dihydrocortisone

17a, 21=dihydroxy-5p-pregnane=3a, 118, 20-trione

Dihydro- cortisol

11p,17a, 21=trihydroxy-58-pregnane=-3a, 20-dione

Cortexone (Deoxycorticosterone)

2l=hydroxypregn=4~ene3, 20-dione

3p~-derivative

Egtra-l, 3,5(10),~triene-3,17p~diol

3a=hydroxy-5p-androgtan~17-one

9a=fluoro-11§,178 ; 2l=-trihydroxy-pregn=-1, ,-diene~3,
20~dione

Cholest=5~ene=3p,20=-diol

30, 17a=dihydroxypregnane=20=one

3p,17a~dihydroxypregn=5=-ene~20-one

11p-Hydroxypregn=/=ene=~3, 20=dione

17a=Hydroxypregn=/~ene=3, 20-dione



17-KS

17-KGS

NPB cortisol
Pregnanediol
Pregnanetetrol
Pregnanetriol

As ~FPregnenetriol
Fregnanetriolone
Pregnanolone
Pregnenolone
Frogesterone
P-5 chromogens
THA

THB
TH~-DOC

THE
THF
THS

B, __Non-gteroids

ACTH
Alk,Phos,
Bili,

Blue tetrazolium (BTZ)

B. P.

BU

Ca

CEBG

Cr. cl

cpm

CRF

DDD

Diff,
Disc,Bias.
DPN

ECG

EHT
Glucuronic acid

u328-

17-ketosteroids (17-oxosteroids, 17-08)
C=19 adrenocortical steroids with a ketone group
at C-17
17-ketogenic steroids (17-oxogenic steroids, 17-0GS)
C=21 adrenocortical steroids with a 17a-hydroxyl
group so that the C-17 side-chain may be
oxidatively removed to give C-19 17-ketosteroids.
Non=protein-bound cortisol
5p=pregnane-3a, 20a=diol
Sp=pregnane=3a,118,17a, 20a~tetrol
5p=pregnane=3a,17a,200=triol

Pregn=5-ene~3p,17a,208-triol

3a,17a, 200-trihydroxy-5p-pregnanell-one
3p~hydroxy=-5p~pregnane-20-one 5
3p~hydroxypregn=5~ene~20-one ( /X'~pregnenolone)
Pregn~-/=-ene-3,20-dione

Porter-Silber chromogens
3a,21~-dihydroxy-5p-pregnane=11, 20=-dione
3a,118, 21=dihydroxy~5p=pregnane~20-cne
Tetrahydro-DOC
3a,21=dihydroxy=-5p-pregnane-20-one
Tetrahydrocortisone

3a,17a, 21=-trihydroxy-5p-pregnane-11, 20-dicne
Tetrahydrocortisol

30,118,17a, zl-tetraWdroxy-Sﬂ-pragnane-zO-om
Tetrahydro-c

3c¢y17a, 21-tr1hvdroxy—5ﬁ—pregnane—20—one

Adrenocorticotrophic hormone, corticotrophin

Alkaline phosphatase

Bilirubin

3, 3'~dianisole-bio=4,4 ' (3, 5~-diphenyl) tetrazolium
chloride

Blood pressure

Blood urea

Calecium

Corticosteroid-binding globulin

Creatinine clearance

counts per minute

Corticotrophin-releasing factor (s)

1,1'~dichloro~-2,2'bis (p-chlorophenyl)=-ethane

Differential white cell count

Diseriminator bias volt

Diphogphopyridine nucleotide

Electrocardiogram

Extra~-high-tension volt

Glucosiduronic acid

Uridine diphosphate glucurenic acid



G,T.T,

O, p'DDD

SU-4,885
SU~8000
SU-9055
t2

TIN
TPN
T.T.

o
inunun

(Metopirone)

neutrophils
leucocytes
monocytes
eoginophils
basophils

-m-

Glutamic-pyruvie transaminase

Glucose tolerance test

Haemoglobin

Bicarbonate

Height

Potagsium

lean cell mass

Mean corpuscular haemoglobin concentration
Triparanol

Sodium

No abnormality detected

2, 2 '=bis (p=chlorophenyl)l,1!dichloroethane
Packed cell volume

Phosphate

Faraventricular nucleus

Specific activity

Supraoptic nucleus

2-methyl=l,2=bis (3=pyridyl)-l-propanone
3 Schloro-}mtbylnz-indonyl J=pyridine
3=(1,2, 3,4=tetrahydro=l-oxo=2-naphthyl )-pyridine
Biological half clearance time
Tubero-infundibular nucleus
Triphosphopyridine nucleotide

Thymol Turbidity

White cell count

Weight
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Appendix I11

Jddeal weightg
(according to height and frame)*

Height Weight in pounds (in indoor clothing)
(in shoes)
1 inch heel for men
2 inch heel for women Small frame Medium frame large frame
MEN
5¢ 2" 112-120 118-129 126-141
o 115-123 121-133 129-1%4
4" 118-126 124=136 132148
- 121-129 127-139 135-156
6" 124-133 130=143 138-156
Y o 128-137 134~147 142-161
a" 132-141 138-152 147-166
gn 136-145 142-156 151-170
1o 140-150 146-160 155=174
" 144~154, 150-165 159-179
61 o 148=156 154=-170 16/4~184
b 152-162 158-175 168189
2" 156-167 162-180 173-194
3" 160=171 167-185 178-199
An 164-175 172-190 182204
= ) WOMEN
FA 10" 92=38 96-107 104~-119
5 & R 94~101 98-110 106-122
L on 96=104 101-113 109-125
- 99-107 104~116 112.128
2" 102-110 107-119 115-131
3" 105-113 110-122 118-134
4" 108-116 113-126 121-138
5= 111-119 116-130 125=142
6 114~123 120-135 129-146
" 118-127 12/-139 133-150
8" 122-131 128-143 137=154
9" 126-135 132-1.7 141-158
Jon 130140 136-151 145-163
R 134=144 140-155 149-168
6! or 138-148 142~159 153-173

*Prepared by the Metropolitan Life Insurance Company. Derived primarily from
data on the Build and Blood Pressure Study, 1959, Society of Actuaries.



- 33] -

Appendix IV
Reducing dietary regimen
(1000 ealories)
Breakfagt
l. A choice of one of the following itemss
(a) One egg

(b) One rasher bacon grilled crisp and drained of fat
(c; 3 oz. white fish
(@) 3 oz. finnan haddock with a little milk (no added fat)

2¢ A choice of

(a; 1} oz. btread (may be toasted)
(b) 3 squares of ryvita

3« Tea or coffee without sugar
Le Milk and butter from daily allowances (see below)
Mid-morning
A cholce of one of the following items:
(a) Cup of tea with milk (from daily allowance)

Eb) Cup of bovril
¢) Cup of marmite

1, Clear soup
2,  cholece of one of the following items (no added fat in cooking)
E:; 1} oz, lean red meat
] "

chicken
¢) " " eold tongue
d; " " Jean ham
e 2 -oa_c f iﬂh
(f) U on tripe

() " " 1liver

3. large helping of tomato, salad or any vegatable (except peas, beans
and potatoes)

Le A plece of fresh fruit (may be stewed in water without sugar)
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1. A choice of one of the following:
(a; 1+ oz, bread
(b) 3 squares ryvita
(e) 3 rich tea biscuits
2, Tea with milk (from daily allowance) no added sugar

3« Butter from daily allowance

1, A choice of either

(a) 1% oz. meat (as at lunch, item 2)
(b) One egg and 4 oz. cheese

2. Tomato, salad or any vegetables (as at lunch, item 3)
3+ A choice of one of the following:
(a) 1% oz. bread
?J) 3 water biscuits
c¢) 2% oz. plain boiled potatoes
Le Helping of fruit (as at lunch)
5 Tea or coffee (milk and butter from allowance)
Daily allowance of milk 3 1/4 pt.
Daily allowance of butter: 3/4 oz.
N.Bs 1. THo fat to be used in cooking (unless from daily allowance).

2, ~ueels, chocolate or sugar are not allowed.
3« The use of salad dressing, or oil in salad, is not allowed.
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Summary
1. The literature concerning human adrenal cortex and its hormones and the
methods of assessing adrenocortical function has been reviewed, and an account
is given of the clinical conditions, Cushing's syndrome and obesity.
2+ Classification of subjects, when attempting to differentiate obesity from
Cushing's syndrome, has been performed for the firat time as part of this
study., The subjects were classified into normal, Cushings obese and
tCushingoid! groups.
3. The methods used in this research included: (a) estimations of cortisol
production rate, by the blood and urine techniques, using isotopically labelled
cortisol, (b) estimations of urimary l7-ketosteroid exeretion, (c) estimations
of urinary total l17-ketogenic steroid excretion, (d) adrenocortical stimulation
tests using ACTH and (e) pituitary-adrenocortical suppression test using
dexamethagone,

A new technique for the simultaneous estimation of cortisol production
rate, plasma cortisol and plasma-protein binding of cortisol has been
developed and an jn vivo modification of this technique has been devised and
described,

Le Cortisgol production rate estimations by the blood method provided the
best sensitive test for assessing adrenocortical function, Ranges for the
normal group under control conditions and after ACTH stimulation have been
established (17.5 - 31.2 mg./2, hrs, and 216 - 268 mg./24 hrs. respectively).

The dosage of ACTH used in this research ‘(60 I.U, intramuscularly every
12 hrs, for 3 days) was higher than any dosage previously reported. Study of
the steroid excretion pattern proved that this dosage successﬁ_zlly established
maximum stimulation of the adrenal cortex.

A11/
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All cases of Cushing's syndrome bad higher-than-normal control levels
of cortisol production rate and were hyper-responsive to ACTH gtimulation,

All obese subjects, on the other hand, had normal control levels and
normal or lower-than-normal response to ACTH stimulation,

5 Cortisol production rates by the urine method were the next most
sensitive test for the assessment of adrenocortical function, but estimations
of urinary steroild excretion, especially l7-ketosteroids, were less sensitive,
and this was particularly noticeable after ACTH gtimulation,

Discrepancies between the results of the various tests was noticed, It
was concluded that the discrepancies between the blood and urine methods of
cortisol production rate were due to the diurnal variation of adrenocortical
activity in the control estimations, and to the possible role of a second
compartment after ACTH stimulation, The discrepancies between the cortisol
production rate tests on the one hand and the urinary steroid exeretion on the
other, especially after ACTH gtimulation, were thought to be due to the small
percentage of cortisol metabolised as steroids extrsctable by the latter
methods,

6. Dexamethasone suppression was marked in obese and 'Cushingoid' subjects
and in two patients with Cushing's syndrome but was less marked in one case

of Cushing's syndrome.

7« lsking the normal individuals and the patients with Cushing's syndrome

as the two "reference groups", it was possible to re-classify the patients of
the 'Cushingoid' group according to the results of the various tests performed.
Cne patient was re-classified as having Cushing's syndrome, five patients were
re-classified into the obese group and two remained in the 'Cushingoid' group.
Therefore/
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Therefore this group was reduced from eight to two patients., The
significance of this latter group is discussed.
8. Ranges for the plasma cortiscl and plasma non-protein-bound cortisol were
established in the normal group (9.7 - 15.9 ;:g+/100 ml, and 1,0 - 2,39 pg./100 ml,
respectively). A case of Cushing's syndrome gave higher values, but the
obese subjects gave values comparable to the normal subjects.
9+ Cortisol production rate tests werc applied to assess the success of the
operation of bilateral adrenalectomy with auto-transplantation of a part of
one adrenal into the rectus sheath of the anterior abdominal wall as a means
of treatment of Cushing's syndrome without post-operative substitution therapy.
Encouraging results were obtained in one of three cases, The significance of
these results are discussed.
10, No correlation was found between adrenocortical function on the one hand
and total body weight, height, surface area, total body lean cell mass, total
body fat or body musculature on the other., ihen, however, the subjects who
had 30 Kg. of fat or less, or whose fat was 35% of the total body weight or
less, were considered separately, a correlation was found to exist between
adrenocortical function and total body fat, This suggests that obesity constitutes
a mechanic.l ctrese to which the adrenal cortex reacts by increasing its
secretion of cortisol up to a limity beyond this limit the adrenal cortex can
no longer cope with the extra stress provided by the increased amount of fat,
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