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The association of certain critical perieds in life, such as
puberty, pregnancy and the msneopause, with changes in mental state
provoked speculation from the esarliest times as to the possible
effects of "humors™ on the mind, However, the first reported obser~
vation asseciating mental functions with endocrine disease was made
by Platter (1602) when he ce-nud on the occurrence of mental de-
ficiency with cretinism, It remained for two centuries to pass and
the emergence of the definitive ctudy of the internal secreting glands
before a seund connection to mentsl aberrations became established,
In fact, the term endocrinological psychiatry did not appear umtil
1908 when it was introduced by Lutﬁql-l.:vutiu (Michael and Gibbons,
1963).

That the adrenals iaflueace the fumctiens of the brain has be-
come increasingly more evident since the clinical manifestations of
adrenal cortical insufficiency were described in 1855 by Addisen, He

reported several cases with psychelegical symptoms inclwding depression,

anxiety, "mindewandering" and delirium, Delirium was also described by
Greenhow in 1875 (quoted by Cleghorn in 1951) and Kiippel in 1899, in
their cases of Addison's disease, A censidersble interval of time
elapsed before Engel and Margelin in 1941, reporting on their twenty~
five cases, drew attention to the high incidence of psychiatric sympto-
matolegy occurrimg im this conditiom,

While iavestigating myxoedema, in 1888, the Committee of the
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Clinical Society of London found that imsanity eftem occurred in the
advanced cases, The mental disorder ‘took the form of acute or chromic
mania, dementia or ulmﬁolh and delusiens and hallucinations were
found in nearly half the cases, Murray, in 1891, used tkyroid extract
to successfully treat and cure myxoedema and the accompanying mental
abnormalities were removed at the same time, This was the first
§-onltratiu of the sffectiveness of a hormone in the treatment of
psychelogical symptems,

Dementia prascox was once regarded 'by‘ Kraepelin (1896) as
basically an endocrine dilot‘.t.' The gonads of schizephrenics were
studied by Mott and Prados in 1923, and a regressien in the testes
was observed., At the Worcester Foundatiem in Massachusetts, Hoskins
used labcritory uchniqiu in his investigations of the schimhrnic
illnesses. He published the findings in his Bielogy eof Schisophremia
in 1946, About this time Gjessing demomstrated that periodic cata-
tenis was due to changes in the body's mitrogen balance,

Up wntil 1921 the primary focus of attention had been the study
of psychiatric symptomatology in emdocrine disorders, Evidence that
the reverse was alse true, namsly that a change in endocrine fumction
could occur im p;ychhtric conditions, was demonstrated by Maranom
at this time, He showed that a psychological facter was imvelved in
the etiology of hyperthyroidism, and Bleuler, in the English trans~
lation of his text book in 1925, described psychosis eccurring in
hyperthyroidism,

The effects of adremeccortical hyperfumction im producing an




abnormal meatal state was first described by Holmes in 1925, He
reported a case of virilism in a young weman due to an adremal tumer;
the patient developed mental changes which disappeared when the tumer
was removed, This article was followed by others with similar obsere
vations; for example, in 1938 Broster stated that the psychosis
occurring in the adrenogenital syndrome cleared up following akcﬁ-
lectomy, Maclay et al, in 1938, felt ‘that the association of Cushing's
Syndrome with a psychosis was more than just a coincidental finding,

The psychiatric changes described so far were considered by
investigators to be the side effects of the accompanying emdocrine
disorder, For this reason their importance was minimized or ignored
and little effort was made to ascertain their trus mature or frequency,
This is surprising since Freud, as early as 1905, had referred to
endocrinology as the biological nextdeor neighbour of psychoanalysis
and observed that certain mental disorders might eventually be treated
successfully with hormonmes,

The revival of interest in the possibility of am emdecrine role
in the etiology of mentsl illness occurred in the late 1940's and
early 1950's, It was due primarily to two: events which occurred
almost simultaneously, One was Selye's concept of stress (1946),

He postulated that an organism responds to stress by the General

Adaptation Syndrgu. The second event was the introduction of the
adrenocorticotrophic hormone and cortisone iato medical treatments
(Rench and Kendall, 1949), It was not long before the side effects

of these compounds aroused the interest of psychiatrists since they
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produced all the psychological menifestations described in the
naturally occurring endocrine disorders, The commonest finding was
an alteration in mood (Henmch, 1950), A meod change occurred in

84 percent of Browne's cases in 1952 and in 80 percent of Go#lkc:'n
in 1953, The first mood change reported by investigators, and the
one most often found, was ewphoria (Taylor, 1950; Ebaugh, 1951;
Cleghorn, 1952), Depression was found by Pearson (1950), Soffer
(1950) and Rome and Braeoiud (1952) in their cases. Other tram-
sient findings were tension, restlessness and excitability, Psychotic
symptoms were less common but took the form of delusions, hallucina-
tiens, mauis, disorientation and catatonia, The clinical picture was
therefore often indistinguishable frci acute parsmoid schi:ophronh
(Glaser, 1953), or from acute catatonic schigophrenia (Mach, 1951),
or from acute organic psychosis (Ritchie, 1956), except that on

most occasions the cendition was i:evcrsiblo whou the hormone therapy
ceased,

Over the past fifteen years it is gratifying to note the exteat
to which intersst in these interdisciplimasy: studies has fleurished
and grown, It is enly partially indicated by the flood of material
published about them, Indeed, this material is so extensive that
an attempt to review it will not be contemplated in this short
survey, GCenerally, however, it indicates that the two disciplines
of psychiatry and endocrinelogy are being drawm eloﬁer together and
it is hoped that this convergence will illuminate s number of, as yet,

unsolved areas in psychiatry,
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NEUROPHYS IGLOGY

(a) Physiolegy of the Adremal c.:m
Human adrenal glands are mél:lka structures that weigh

5 « 7 grams each, They cover the superior pole of each kidney
and lie in the abdominal cavity at the level of the first lusbar
vertebra, The complex gland consists of an imner core, the
medulls, and an outer shell, the cortex, The cortex forms 80
percent of the organ’s total weight and is composed of large
lipideladen epithelial cells which are arranged in three zomes.
The zoma glomerulosa forms the outer layer; lying mext to the
medulla is the zona reticularis; between these two 10\ the zoma
fasciculata, |

More than fifty different steroids have seo far been iso~
lated from the adrenal cortex, The most importamt biologically
are cortisol, cortisone and corticosterone, which collectively
influence carbohydrate, protein and fat metabolism, They are
called the glucocerticeids and are produced, along with the
adrenal androgens, by the cells ef the zona fasciculata and
zona reticularis, These cells are dependent wpen thc adreno-~
corticotrophic hormone of the anterior pituitary glind for their
growth and ncfetory activity (Williams, 1962; Forsham, 1964),
The steroids aldosterone and duoxycorttcuméo influence the
electrolyte functions of the body and are known as the mineralo~

corticoids, They are formed by the cells in the zona glomerulosa,
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These cells are little affected by the adrudmticetrephtc hore
mone, The remaining steroids are iadc up of the adrenal sndrogens,
mainly dehydroepiandrosterone, small amounts of estrogems and the
progesteroids,

Cortisol represants about 80 percent of the total ’17-
hydroxycorticosteroids found in the blood, Approximately one half
of it circulates as an inactive form conjugated with glucuromic
acid, or as a sulphate or phosphate, The biologically active
cortisol is bownd to an alpha;slebulh which 1is called tramscortin
(Slaunwhite and Sandberg, 1959) or cortisol-bimdiag globulin (C,B.G.)
(Daughaday, 1958). The C.B.C, mechanism mskes cortisol readily
available to the body tissues, protects it from being imactivated
by conjugation in the liver and makes it more soluble, Only a small
diffusable fraction of cortisel, not bound to pretein, is physio~
logically active at any given time, The activity of the meieé-
steroid production by the a&mI cortex is under the comtrol of
humoral mechanisms, and the amterier pituitary gland is the site
of formation, storage and release of the adrenocorticotrophic
hormene (ACTH) or corticotrephin, as it is sometimes called, which
activates the adrenal cortex (Rothballer, 1957; Esrin, 1964), This
is in contrast to the medulla which is under sympathetic mervous
contreol,

There are three theeries regarding the regulation of coreico-;
trophin secretion (Woodbury, 1958)., The cortical hormone titre |
theory or cortisol servomechanism states that a fall in free
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cortisol leads to a rise in corticetrophin secretion, and a rise
in the trd cortisol prevents corticotrophia release, This
mechanfsm maintains the plasma cortisel at fairly censtant levels
in the absence of stressful stimmli, The central neural mechamism
theory points out the importance of the hypothalamus in gegulating
the release of ACTH, The median eminency of the hyntluianu cone
tains a network of capillaries which form blood vessels leading
down into the anterior lobe of the pituitary glamd (Popa and
Fielding, 1930, 1933), Nerve fibres from the hypothalamus end om
these portal vessels in the medisn eminence and liberate a neuro-
humoral agent into them (Harris, 1951, 1952, 1955, 1964)., This
substance is then carried to the pituitary gland and provokes the
release of ACTH and promotes its synthesis (Saffram, 1962), This
chemical mediator is called corticetrephin-releasing factor (C.R.F.)
(Saffran et al,, 1955; Schally et al,, 1958), The hypothalamus is
activated in this manner by a variety of stimuli which act as
stressors, They include chemical agents (food, drdzl, metabolites),
environmental comnditions (heat, cold, sound, light), and psycho~ |
logical phenomena (fear, frustration, anxiety, anger), The epine~
phrine theory postulates that epinephrine, whem released from the
adrenal wmedulla by a stressful stimulus, acts directly on the cells
of the adenchypophysis to release ACTH (Gershberg et al,, 1950;
Long, 1952),

The available evidence suggests that epinephrine plays little
part in the secretion of ACTH but that the other two mechanisms




regulate its secretion, In other words, the secretion of the
adrenocorticotrophic hormone is under the control of both humeral
and neural mechanisms, |
(b) The Normal Diurnal v!;:t_ngm of Plasma Cortisol Levels
The existence of a circadian rhythm in the secretion of the

- adrenal steroids has been established, A diurnal variatiem in the
excretion of the l7=ketosteroids by normal male subjects was ori-
ginally described by Pimcus im 1943, and to him it represented a
cyciic variation in adrenal functien, Similar studies by other
investigators (Romanoff et al., 1949; Sandberg, 1953; Laidlaw et al.,
1954) supported these findings, In 1953, Bliss et al, reported a
diwrnal variastion in the levels of plasma 17:hydroxyeorti.eutcretdc Z
and other workers (Migeon st al,, 1956; Tyler et al., 1954) con-
firmed his results,

The cycle of the 17;hydruycort£mtotoid levels over a
twonty-;four hour period in nermal subjects amnd uder.ardiury con=
ditions shows that the lowest concentration of these steroids is
found between 10:00 P M, aid 2:00 AM, TFrom 2:00 AM, util
4:00 A M, there is a gradual elevation which is then fellowed by
a8 steeper rise reaching maximum values in the region of 6:00 A M,
to 8:00 AN, After this there is a ohnrp decline until noon and
then a more gradual fall until 10:00 P,M, when the cycle starts

R

Although it 1s now accepted that the adrenocortical secretion

of cortisel hu 8 diurnal variation patterm, how this comes about

is still unclear, Several possible explanations have been suggested,
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including the following:
(1) different rates of clearance of cortisol from the plasma
at various times of the day,
(11) differences in the rup’minain of the adremal cortex
to ACTEH,
(111) wvariations in the searetion rate of ACYTH which are depens
dent on a centrally located mechanism,
Perkoff et al., im 1959, demomstrated that the rate of removal
of cortisol from the plasma was the same at various times of the
day but that the adremal preduction of 17=hydroxycorticosteroids,
in response to ACTH stimulation, was less at night tham at other
times in the h_nntyafour hour period, They concluded that the
diurnal variation in plasma cortisel levels depended upon varis~
tions in the rate of secretion of ACTH and that the change in
ACTH secretion was probably caused by an, as yet, unidentified
centre in the central nervous system, Studying the circadien
thythm of ACTH secretion from the pituitary, Claytoen et al,
concluded in 1963 that its release in respense to stress varied
inversely with the levels of plasma cortisol,

The effects of sleep loss on the diurmal rhythm of plasma
cortisel were investigated by Murawski and Crabbe in 1960, They"
showed that in colblm students deprived of a night's sleep, the
normal diurnal curve underwent a change in both shape and alpn:
tude, This was due to the 8:00 A.M, steroid concentration being
lower following the nights without sleep than on normal coentrol

days, and also because there was & decrease in the expected fall
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in levels between 8:00 A M, and noon, Migeon et al., in 1956, had
already observed that in night workers slightly loewer lavels of
plasma corticosteroids occurred at 8:00 A M, after their nijht on
duty but they did not comsider this a significant finding, In
1959 Perkoff et al,. found that in normal subjects tetal reversal
of the sleep pattern resulted in a reversal of the diumrnal rhythm
of phm 17-hydrexycoxticostereids,

It wouid appear them that sleep plays an influential part in
determining the levels of cortisel im the peripheral blood,

The Effects of Cortiscl on the Central Nerveus System

The link between the mervous system and the adrenocertico-
steroids Iia, demonstrated by the hypothalamico~adenohypophyseal
system regulating the secretiem of cortisol from tha adremal cer~
tex, and a centre in the diemcephalon comtrolling the secretion
of aldesterone (along with other complex mechanisms, of course,
such as the blood sodium levels), These steroids in tura, in
large quantities, cause changes in brain excitability (Cleghorn,
1963), c«u»ﬂuu steroids increase brain excitability end
the desoxycorticosterone~like compounds decrease excitability,

There is a great deal of evidence from animal experiments
to show a relationship between the excitability of the central
nervous system and an excess of the adrenal steroids, The
electroshock seiszure thruhéld in rats was measured by Woodbury
after the administration of cortisol and cortiscne, and was found
to be decreased, that ig, there was an increase in brain cxciu-;

bility, These findings were confirmed by De Salva et al, in 1954,
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Anti-convulssnt drugs such as diphenylhydantoin and phencbarbital
were found to protect i;ai.ut this increase in brain excitability
produced by coertisone, On withdrawal of the drug, the hyper;
excitability again became manifest, demomstrating that the _drm
had merely a masking aétion and did not prevent the increased
excitability,

.Further evidence for the central excitability effect of
cortisone~like steroids is provided by the comvulsions which are
sometimes produced in experimental smimals, Pincus et al, in
1951 described convulsions occurring in rabbits who were given
ACTH in high deses. Im 1953 Hicks also neted seizures in new~
born rats and mice who were administered cortiseme for three days,
Since only low levels of 17-~hydroxycerticosteroids were found im
cerebrospinal fluid, the blood-brain barrier was thought to allow
only limited quantities of steroids to emnter the brain, Hewever,
Waterbury and Woedbury in 1957, using radiecactive cortisol, demon~
strated that cortisol rapidly entered the cerebral cortex and the
amount presemt reflected the degree of brain excitability,

There is abundant clinical data which support the impression
that cortiseme and ACTE increase the excitability of the brain
(Torda and Wolff, 1952; Wayne, 1954), Ia thc. early 1950's, when
cortisone and ACTH were being used to treat & variety of physical
illnesses for the first time, the doses prescribed were far in
excess of what was required, Often during the course of treat-

ment patients who had no previous history of seizures develeped



generalised convilsiens. These reactioms diminished as physicians
gradually lowered the deosage of these compounds, In Cushing's
Syndrome, where the cortisol levels are very high, spontaneous
seizures are rare but Starr reperted in 1952 that convulsions
occurred in & pcieent of his cases,

The neurophysioclegical changes produced by am excess of
adrenal steroids can be detected with the electreeacephalograph,
Hoefer and Glaser: in 1950 found that ACTH and especially certi-
sone produced a li.zniﬂéut amount of slow wave activity and ia-
creased seasitivity to hyperventilation. It was suggested by
Streifler and Feldman in 1953 that the electroencephalographic
changes might be due to the 17-oxysteroids depressing the mesen-
cephalic reticular aetinéhg syot-.and enhancing the recruiting
response im the diffuse thqlaic projection system, Support fof
this hypothesis was provided by the report of Feldman et al. in
1961,

The adrno#orci.ecl hormones also appear to interfere with
the normal sleep rhythm, Im mice, the sleeping time induced by
hexobarbital was shortened by cortisome as was the }rclongcd
sleeping time induced by hexobarbital sad diphemylhydramine,
Winter and Flataker (1952), who carried out these studies, theught
the effect of the steroid was dus solely to its amtagomistic actiom
to the barbiturate and that the central depressant action of the
diphenylhydramine was unaffected., They comcluded that cortisome
was an ansleptic drug but that its ceatral stimulating actiom
differed from that of smphetamine and caffeine,
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In & series of srticles, Rome and Braceland (1950} 1951, 1952)
observed the psycholegical reactions to the adrenmccortical hormones
and divided them into four grades of increasing uverttﬁ Insomnia,
in their classificatien, was placed in Grade II, An wpset imn m
sleep pattern was reported by other workers, Of ﬂfty;unn pa-
tients, aged between eighteen months and eighty- years, who were
treated by Mozzicenacci et al, in 1955 with cortisome for various
physical ailments, 77,3 percent developed minor psycholegical dis-
turbances including an upset in sleep rhythm, Levine in 1950
observed wakefulfass: in premature infants who were getting daily
injections of ACTH, In 1953 Fox and G:l.fford found increasing
wakefulness to be one of the principal effects of ACTH and cortie-
sone given to a variety of medical patients,

Whether the effects of these steroids om brain excitability
are found under physiological and pqtholog:l.cal conditions is still
undetermined, Nevertheless, the evidence, according to lpzal (1953),
is very suggestive that these hormones in -“““ do have a direct

The lffcéu of Aging and Sex om the Levels of Plasma Cortisol
The normal group of subjects and the depressed patients in

effect on brain fumction,

this investigation consist of persons of both sexes who belong in
the older age range, the average age of both groups being sixty
years, The effects of aging and sex on the plasma cortisol levels
will therefore be considered,

The effects of aging on the secretion of the adremal cortex

was reported om by Pincus in 1960, In his investigations at the
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Worcester Foundation for Experimental Biology, he explered the
steroid excretion and the adrenocertical respomsivity te ACTH
by examining the wrine of 297 men and 320 women with ages ranging
from nineteen to niuty;ﬁn years, The data obtained showed that
there was no significant age~-ralated change in the basal output of
the corticoids, Similar results were obtained by Crad in 1964,
- He estimated the plasma cortisel levilo in a group of 83 normal
subjects, made up of 42 men and 41 women, with ages ranging from
nineteen to eightyefour years, The findings indicated no signifi-
cant difference in the plasma cortisel values with regard to age
and sex,

We may cenclude them that the activity of the adremal cortex,
with regard to the secretiom of cortisel, is little affected by
the aging frocou in healthy persomns of either sex,
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(a) Normsl Subjects

The interaction between the emotions and the activity of
the hypothllm-p1tu1taty-adrenocortical system has been investi-
gated in normal subjects and psychiatrically disturbed individuals,
The work of Selye (1946) d-mti'atod that an organisa threatened
by a stressful stimulus reacted to it by a change in the activity
of its adrenal cortex, Under envirommental circumstances considered
to be stressful, the response of the adrsnal cortex was studied im
normal persons by a large number of investigators, Bliss (1956)
exsmined the relatives accompanying patients to the emergency room
of a general hospital and students just prior to their final exami-
nations, The work of l‘rgnknen (1955) and Price (1957), carried out
in the Karolinska Hospital and the Walter Reed Hospital respectively,
was on patients who were awaiting major surgery. All these 1nvest1;
gations involved the estimation of the plasma 17-hydroxycortico-~
steroids, A number of studies were done on the excretion of urie
nary corticoids, One of these was conducted by Hill et al, (1956) !
who collected the urine from the Harvard boat crew before and after
taking part in a wmiversity boat race., Other investigations were
carried out by Marchbanks (1958) and Mason (1959) en bomber crews.
The common response to all thege sitﬁtim was an increase in the
levels of plasma cortisol and in the excretion of urinary cortico-~

steroids,
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Similer results were found in the bloed aad urine of
normal lnbjiet' who were exposed to experimental stressful
situations, Bliss et al, (1956) subjected uaiversity students
to such stressful procedures as self-revelatien before a one-way
‘screen, or exposed them to a situation contaiming a threat to
their future careers, The rise im plasma cortisol levels was
greater in spentamecusly occurring stressful situatiens tham in
those preduced under laberatory conditions, This was demonstrated
in Nason's study (1959) on a group of soldiers whe were admitted
to the hospital for sleep deprivation experiments amd were found
to have raised 17-hydrc:ycort£costcfeid levels in the blood prior
to the start of the experiments.

(b) Various Psychiatric Disovders

Puring the 1950's iuvngti;ltors turned their attentiom te
the endocrine glands in the hope that they weuld selve some of
the etiological problems of mental illness, In a series of
srticles, Persky st al, (1956, 1957, 1958, 1959, 1962) published
the results of their rather extensive investigations on patieants
whose predominant symptom was anxiety. Their fiandings showed
that the activity of the adremecortical system ia these anxious
individuals reacted similarly to that of nermal subjects in
stressful situatiens, That is to say, there was san imcrease in
their plasma cortisel levels and an increased excretion of
corticosteroids in the urine, They also found that radioactive

cortisol had a higher turnover rate im those with anxiety tham ia
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normal pefisons, !.ndtcathj that cortisol is preduced in larger
amounts and metabolised faster in amxious patients, This high
output of the adremil gland was thought to be due to increased
secretion of ACTH,

It is not surprising when one considers the complex nature
of the schizophrenic 1llness that conflicting results were obtained
by differemnt mvest:l.gat:eﬁ who were measuring the activity of the
adrenal cortex in these psychiatric patients., The findings of
Bliss et al., (1955) demonstrated that acute schizophrenics who
were emotionally disturbed had elevated plasma 17-hydroxycortico~
steroid levels whereas chronic cases with little or no affect had
levels comparable to normal emotionally calm subjects, Altschule
and Parkhurst (1950) reported the l7-ketosteroid excretion in
schizophrenics to be similar to that of normal subjects or a little
higher, However, Mittleman et al, (1952) showed that although the
total steﬁoid excretion was the same for schizophremic patients ind
normal individuals, the 17-ketosteroid excretion in the séhizo-
phrenics was much higher. In a wmore recent study, Geller et al.
(1962) indicated that the excretion of 17-ketosteroids was higher
in schizophrenic patients who had net regressed than in those who
had,

(c) Depressive States

The suitability of depressive illness for the study of
adrenocortical activity in relation to emotional stress is

spparent, because it is a commen psychiatric illness and the
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majority of depressed patients recover or improve withia a com~
paratively short tims,

Original work on depressed subjects was carried out at the
Michael Reese Hospital by Board et al, (1956, 1957), Their
findings showed elevation of the 1l7-hydroxycorticostem id levels
in plasma; the more severe the depression, the higher the cortico-
steroid levels; and higher cortisel values in the retarded depres-~
sions tham in the agitated omes., Gibbons and McHagh (1963), in
their series of cases, reportéd a positive correlation between
the severity of the depressive illness and the height of the -
plasma cortisol levels, The majority of their patients showed
a decrease in the cortisol levels with recovery or improvememnt
but their retarded and agitated patients had similar cortiéo-
steroid values. One cyclothymic subject had high hormone levels
with each depressive episode which fell to mormal as she became
well again, Her phases of elation were accompanied by quite low
levels. In a second paper, Gibbons (1964) mvcst:lgnteq the
secretion rate of cortisol by the :I.sot:opa' dilution method,

Relief of depression was accompanied, in wost of the cases, by
a decrease in the secretion rate and a high correlation was
found between the plasma cortisol levels and the cortiseol
secretion rate, (

A group of wmanic depressive and neurotic depressive patients
was investigated by Kurland (1964) who measured the metabelic
indices of the corticosteroids in the urime. The excretion of

17=ketogenicsteroids was significantly correlated with the
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clinical depressive symptematology. All the memic depressive and
the more severe neurotic depressive cases excreted higher quanti-
ties of metabolites than normal persons, The amounts of 17«
hydroxycorticosteroids and 17-ketosteroids excreted by all patients
were within normsl limits, Ferguson et al. (1964), in their fa-
vestigations, found abnormally high levels of corticosteroids
excreted by 5 depressed individuals. A fall to normal levels
occurred after treatment., The 1l=deoxy~17=~0xysteroids, however,

" had low values before treatment and a rise to normal after it.
The urinary excretion of corticosteroids was reported by Gibbons
et al, (1960) te be higher in 'dcprouian with agitation, with a
tendency towards lower values in remission, Curtis _g_g al. (1960)
considered that the urinary output ef corticosteroids was meore
likely to be raised in patients whose principal symptom was
anxiety rather than those who were primarily depressed,

Our knoilcdge of the adrenocortical response in mania is
still small but it {s gradually increasing chiefly through the
reports of investigators on individual cases. In 1954, Rizzo
ot al, found low urinary glucocorticoids in a manic depressive
female patient during her hyperactive episodes, with the levels
returning to normal after clinical recovery. Gibbons and McHugh
in 1963 reported a case with high plasma cortisol levels during
phases of depression and low levels during phases of mild elation.
Psychiatrists in the past have suggested that mania is a defense

against the pain of depression (Lewin, 1950). Bumney et al. in
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1965 attempted to find biochemical confirmation of this psycho-
logical theory. They simultaneously studied the behaviour and
the urinary l1l7-hydroxycorticosterocids in a female patient with
regular forty-eight hour manic depressive cycles, over a two
year period, The patient*s mania was characterized by intense
denial of her illness and accompanied by low l7-hydroxycortice=
steroid levels, Her days of depression were associated with
feelings of suffering and pain and her l7-hydrexycorticosteroid
levels were high., Bummey and his associates feel that these
findings, as well as agreeing with those of other investigators,
- also support the comcept that the mechanism of denial is asso-
ciated with lovxlcvclo of urinary l7-hydroxycorticesteroids, ‘
This is an 1n£or-;ttvc and refreshing approach to psychoendocrine
problems and further studies along similar lines may help to
clarify some of the present difficulties in the field of endo-

~ erine psychiatry,
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CLINICAL MATERIAL

Sclcctgl on of Subjects

The investigation was carried eut on 14 subjects; half of these
were psychiatric patieats, 2 male and 5 fqnnh, with an average age of
sixty years, asid the other half were normal controls of comparable age
and sex, Each patient was diagnosed as suffering from a depressive
psychosis. However, linco the classification of the depressive ill-
nesses is a contreoversial tepic and since it is eften difficult to
decide where te draw the boundary between the psychosis and the meuro-
sis, only these suffering from what is universally described as classi-
cal psychotic depression were selected (Mayer-Gross, 1960; Muxphy et al.,
1964; Hays, 1964). The primary symptoms for the diagnosis were a meod
of depressien, s diurnal meod change, that is, exacerbatiom of the
depressive wood in the morning, insomnia with early moraing awakening
and diminution of interest in tﬁo social eavironment, Other sympto-
matic features were inunlly present, including fatigue, self-blame,
death wishes, loss of appetite, weight and libido, and disturbamnce im
motor activity, either retardation er agitatiem. No distinction was
made between involutional melancholia and the depressive psychosis.
Three of the cases had histories of previous depressive breskdowas.

Two patients uafortunately could mot complete the study; ome (aumber 6)
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was found to have diabetes mellitus and was removed te a general hospital
for assessment of this condition and the other (number 7) fell and frac-
tured her left leg and was transferred to an orthopaedic unit. The re-
maining 5 patients completed 28 days' treatment with a selected anti-
depressant medication,

Clinical Evaluatiea

The diagnosis of cgdo;onoul depression was made by two qnnlifiuﬂ
psychiatrists, independently, one of whom was the auther., Added con-
firmatory data were supplied by the depressive scale of the Minmesota
Multiphasic Perseonality Iasventery aund loroehaéh Test, completed by a
member of the psycholegy staff.

Patients were receiving ne -.dtégttoa at the time of admission to
the study and had been free from all drugs for a miaimum period of 4 weeks
prior to it. Th; difficulty in obtaining such cases is obvicus because
most patieants are placed on medication immediately after being seen by
their own physician or by gho psychiatrist who carties out the 1:1:151
interview in order to tide the patient over until he is admitted to
hospital. The 7 patients in this study were obtained mostly frem the
emergency department of the hospital, There,they had been taken by
their relatives and had not been seen by an outside decter. The psy-
chiatrist in the emergency room thea referred the case to the study
before commencing any form of therapy. All subjects were considered

ideal cases for electro-convulsive treatment.



Each suitable candidate for the investigation was placed en
placebo three times daily and once at might for the first 48 hours.
During this time, bloods were drawm over twe comsecutive 24 hour
periods at intervals which would give most informatiom sbout the
diursal adremocortical activity, namely 7:00 A/M., 12 noon and 10:00
P.M. When these were completed the patients were placed on either
ui._tti.ptylﬁt (Elavil) or binipraim (Tofranil), 150 mgs daily in
divided doses and the placebo was aenﬁi.nud at bed em, Identical
laboratory procedures were repeated after 14 days and again after
28 days of this treatment plan.

Clinical Rating Scale

A clinical assessment of the depression was made by the auther
on each patient before trsatment started and then after 2 weeks and
again after &4 weeks of the th;rapcuttc regime. The rating was done on
a five point scale as follows:

0 = gbsence of depression
+'= mildly depressed
++ = moderately depressed
+++ = markedly depressed
++++ = geverely depressed
Scoring was of a reasonably high order becsuse each patieant was inter-
viewed every day of the investigation and the ward mursing reports

were taken into comsideration before the finsl assessment was made ia



order that they would be independent of the later chemical estimatioms.



1.

2.

3.

4.

5.

To measure the diurnal variatiea in the levels of plasma
cortisol im psychiatric patieants suffering from a psychetic

depressive illness.

To determine whether these levels form a characteristic
pattern for the psychetic depressive group as a whole, or

whether there is an imdividual pattern for each patient.

To study the effects of two anti-depressant medications en

the plasma certisel levels.

To {avestigate the relationship between the levels of plasma

cortisol and the severity of the depressive illness.

To contemplate possible etiological factors in the disturbed
sleep rhythm and diurnal nood change of the depressive

psychosis.
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The plasma cortisol levels were determined by a slight modifica-
tion of the dialysis methed described by Muxphy et al. im 1963.

Fifteen ml. of venous bleed were drawn at 6:45 A. M., 11:45 A.M.
and 10:00 P.M, on two comsecutive days into 20 ml. test tubes com-
taining heparin, thea centrifuged, and the plasma separated and frezea
until assayed.
ilnecruls

Cortisol-4-C1# with a ipcetﬁc activity of 45 micrecuries per
millimole was obtained from the New England Nuclear Cerperatiem., It
was stored in ethanol in a Mu-atton of 16,000 cpm/ml. lon;rndio-;
active cortisol, the Merck Ce. USP preparation, was diluted im ethancl
to give a comceatration of 1 ug/ml.
Preparation of Standard Serum

Pooled serum 'a; used as the source of the corticestereid-binding
globulin (C.3.G.). It was kept frozem umtil a group of samples was te
be determined, at which time serum was then diluted to 1:6 by adding
physiological saline.
Preparation of the Dialysis Sacs

For uéh dialysis tu&, a dialysis sac was made as follows. Seven-

inch lengths of Nojax Visking casing 24/32" were cut and placed ia a
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beaker of physiolegical saline, making the casing softer and easier
to manipulate. A firm knet was tied in one end of the casing and imte
the open end was pipetted 5 ml, of the diluted standard serum, then
this end was also tied off. The excess ends were trimmed and the sacs
‘'were placed in physiological saline uatil used.
Setti 4 Run

In the first run, there were 90 tubes, twe for each of 5 patients
taken 0, 2 and § weeks after treatment and at three daily times. EKach
dialysis was carried out in a 50 ml. test tube (“dialysis tube"). The
required number of tubes were placed in a test tube rack and numbered.
In the iecnd run, there were 84 tubes, six from each of 7 nomal and
7 depressed persoms. ihc 6 tubes consisted of duplicate plasma cellec-
ted at the three daily times.
- $tandards

The standards were determined in triplicate; 18 tubes (¥o. 1-18)
were required and were prepared as follows. Nom-radioactive cortlaoi
in ethanol in the amount °£, 0.1 ug was pipetted inte tubes &4, 5 and 6,
0.2 pg into tubes 7, 8 and 9, 0.3 ug into tubes 16, 11 and 12, 0.5 ug
into tubes 13, 14 and 15, and 0¢7 ug into tubes 16, 17 and 18. The
ethanel was evaporated off by means of a stresm of air. 7Teo each of
the 18 tubes was added 21 ml. physiological salins, 0.5 ml. of

cortisol-4-Cl4 in ethanel and a dialysis sac.
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Test Samples

One nl. of plasma was pipetted imto each dialysis tube; 20 ml.
physiological saline plus 0.5 ml. of jmtinl-k-cn in ethanol was
added to each, except the imitial 6:45 A.M. samples, to which 0.5 ml.
of plasma and 20.5 ml. of physiological saline were added bocaéu high
values were suspected. The mﬁnt of saline and cortisol-4-Cl4 required
for all the tubes containiag th samples was calculated and mixed to-
‘gether and dispensed into each dialysis tube using a Calab dispenser
with a 20.5 ml. dispenser hsad. The tubes were then placed in a boiling
water bath for 1 minute and allowed to cool. The heating under these |
conditions destroyed the certicosteroid-binding globulin preseant so
that all the cortisoel in the test plasma was in the umbound state. ‘

In the case of the standards, the amount of mixture of saline and
cortisol-k-Clé required for 18 tubes was measured out and an additional
1 -i. of saline for each tube was added. This material was then dis-
pensed by a Calab dispenser with a 21.5 ml. dispenser head.

The Dialysis

All :hc tubes (for both standards aund test samples) . were covered
with tinfoil and placed in a 30 rev/min rotater in a refrigerator
(4 - 9 degrees Centigrade) for 40 hours., The rotator was a turatable
fitted with 2 masonite dlicl, plerced with holes at regular intervals,

and tilted at an angle of 45 degrees.
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Preparation of Samples for Ceumting
At the end of the dialysis, the tubes were taken out aud placed

in a rack. A duplicate series of tubes was placed in a second rack.
Each sac was rolled in gause to remove excess meisture and tm cut so
that the contents drained dato the corresponding tube. One ml. of the
contents was pipetted onto an aluminum planchette, allowed to dry and
counted in a MNuclear Chicago D47 gas flew counter with an efficiemcy
of 30% to a -1-1;1\1- of 2,000 counts. The cpm's were then calculated
for each.

Estimation of Plasma Cexrticeids from the Stamndard Curve

The mean cpa's of the six standards were pletted vs. the amount
of unlabelled stereid added to give a standard curve. The corticeids
in ug of the test plasma samples were them read from the grap§ sccor-
diag to the cpm of the samples. This value was multiplied by 100 (er
by 200 if 0.5 ml. plasma was used) to express the plasma eorti.eoidi in
ug/100 ml,

This methed measures both cortisol and certicosterome ia the
plasma but since the amount of corticosterone is only about 1/13 that
of cortisel, the results obtained here will be referred to as plasma

cortisol (EBik-Nes, 1960).

Statistical Analysis
The material was anmalysed in the following two ways. In the first

analysis, the data of the 5 patients taken three times per day before |



-30-

treatment, and 14 and 28 days after treatmsat began, was amalysed by
an analysis of variance for triple classificationm (McNemar, 1959). The
dats were then analysed by means of 7040 I.B.M. computer at McGill
University.

The sacond analysis was 4b¢u«n 7 patients and 7 normal subjects
of comparable age and sex, ths values of the patients being taken before
treatment was started. The analysis used in this experiment was that
described by Winer for a 2-factor experimsnt with repeated measures
(Winer, 1962). In carrying through this amalysis on the raw data,
it was found that the parts peoled to ferm the denominators of the
F ratio lacked homogeneity due to the high values obtained from the
patients at 7:00 A.M. Therefore, the analysis was conducted en the
logarithm to base 10 of the dats, and this time the parts pooled to
form the denominators of the F ratices were homogensous. Lt tests
were conducted om those sources of variatiem that proved to be sig-

nificant,



RESULTS

ml sis of l‘i.vi Patients During Courss of Treatment

The raw data of each of the 5 patieats tsken at 7:00 A.M., 12 noon
and 10:00 P, M., before treatment and 14 and 28 days after treatment
started, are shown in Table I. The results of the analysis of vari-
ance are givea in Table II and are aﬁ follows.

Pifferences between patienf.o with regard te their plasma certi-
sol levels were highly significant (0.001 > P < 0;0005). These dif-
ferences are due to the fact that patieant mumber 5 had very signifi-
cantly higher values than all the other subjects (P < 0.001, Table III).
Differeances in plasma eortﬁol levels between the other & subjects
were not statistically sigaificamt (P > 0.10, Table III).

Differeaces &mn different periods in the course o£ treat-
ment were also statistically significamt. This cam Bo_oun from
Table IV where the values before treatment .omud wers higher than
those taken 14 days after treatmeat began, and these im turn were
higher than these taken after 28 days of treatment. ¢t tests, using
a standard error based on the variance estimate obtained frem the
analysis of variance showed that the difference between the before-
treatment and 14 day values were highly significamt (P < 0.001)

while differences between the 14 day and 28 day periods were only




of borderline significance (0.10 > P > 0.05).

Differences between values obtained at different times of the day
were statistically significant (0.01 > P > 0.,005). Thus, it can be seen
from Table V that the values taken early in the morning were higher than
these tskea uouaﬁ noen, which in tura were higher tham those taken in the
evening, t tests showed that the differences between el;c early morning and
noon samples were highly significent (P < 0.001) while those between noon
and 10:00 P .M, were alsc significant but less so (0.05 > P > 0,02),

~ As for the interactions there was no ci‘n:.lf:lmt patieat x treatment
interaction (0.30 > P > 0,20, Fig. 1). The meaning of this is that the
plasma cortisel levels changed in essentially the same mamner in sll
patients duriag the course of treatment,

There was however significant patient x time htouctton (0.025 >
P >0.01, rig. 2) and treatment x time interaction (0,025 > P > 0,01,

Fig. 3). The meaning of the significant patiemt x time interactiom is
that whereas all the patients showed a decline in the values between

7:00 A.M, and noon, the values fell significantly more in the case of
patient number 5 than they did in the remaining & patients. The meaniang
of the treatment x time interactiem is that the shape of the diurnal curve
changes in the course of treatment, the decline between 7:00 A.M, and noon
being more sharp before treatment than it was 14 and 28 days after treat~-
ment started,

It should be pointed out that because the patient x treatment

interaction was net si.niﬁ.mt, its sum of squares and degrees of



frccdoi were incorperated with those of the error term which im this
analysis was the patient x treatmeat x time imtersction. This triple
interaction was used as the error term to test the patieat x time
1;:0:.6:10: and the treatment x time interaction, the results being
significant as iadicated asbove.
Now, because the patient x time and treatment x time 1ntc:actions

were significant, they were used in appropriate places as error terms
. to test the significance of patients, treatment and time, with the
results being as indicated above. It should be noted that in testiang
for the significance of time or diurnal vnriﬁtion, the error term used
was the treatment x time interaction which had the higher variance
estimate and the lower number of dcgrioc of freedom than the patienmt x.
time interactioa. The results by this analysis were nevertheless

statistically significant,



PATIENTS %:00 AJM, 12 meon  10:00 P.M.

PRE-TREATMENT 1 29.00 20.50 18.75
| 2 34,00 18.75 15.50
3 31.00 19.25 12.50
4 34.00 16.00 11.75
5 53.00 32.75 31.25
Arm'u DAY 1 22,25 | 1475 | 11.75
nnmu :
2 19.75 14.00 9.75
3 16.50 12.00 6.75
4 13.00 11.50 8.00
5 43.50 25.00 16.25
'AFTER 28 DAYS 1 16.75 11.25 5.25
TREATMENT
2 16.00 11,25 8.50
3 15.75 . 9.50 6.50
4 11.25 8.50 6.00
5 32,00 19.75 9,75
TABLE 1

Plasma Cortisol Levels (g/100 ml.) of Each Patiemt at 7:00 A.M., 12

noeon and 10:00 P.M. Before and During Treatment.
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SOURCE SUM OF SQUARES DEGREES OF VARIANCE
PATIENTS (P) 1489.3139 4, | 372.3285 *ae
TREATMENT (T) 1268.3583 2. 634.1792 **
™me (t) 1528.0333 2. 764.0167 **
P x T INTERACTION 82,9611 8. 10.3701
P x t INTERACTION 1201 0bhb 8. 25,1556 *
T x t INTERACTION 118.9083 4, 29,7271 *

P xTxt INTER- 114.9805 16. 7.1863

ACTION
TOTAL 4803.7999 4h,
TABLE II

The Analysis of Variance for Triple Classification

* Significant at 2.5% level.

** Significant at 1% level.

*hk Significant at 0.1% level.
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ACE IN MICROGRAMS
PATIENTS SEX YEARS i PER 100 ml, *
1 ¥ 48 16.7
2 r 62 16.4
~ 3 N 70 16.4—
4 N n 13.3
5 r 56 29.3

* The value showan is the mean of 9 determinations taken during
the entire period of investigation,

TABLE III

Plasma Cortisol Levels in the Various Patients
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LENGTH OF TREATMENT (DAYS) MICROGRAMS PER 100 ml. *
0 25,2
14 ' 16.3
28 12.5

* The value shown {8 the mean of 15 determinations taken
during the entire peried of investigatienm.

TABLE IV

Plasma Cortisel Levels Before and During Trestmeat
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TIME OF DAY MICROGRAMS PER 100 ml. *
7:00 AM, 25.9
12 noon 16.3
10:00 P.NM. 11.9

% The value shown is the mean of 15 ’dctor‘-i.utiou taken
during the entire peried of investigatienm.

TABLE V

Diurnal Variation of Plasma Certiscl Lavels
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" Patient

1
2
3
4
5

A
L 5§ N _§ &R __ N _NJ

N
o

Plasma Cortisol mc-g/lOO ml
=
1

Doys of Treatment_.

Fig. 1. The graph shows the change in the plasma cortisol
levels of each patient during treatment. In the analysis of
variance it is represented by the patient X treatment inter-
action which was not statistically significant (0.30> P> 0.20),
The meaning of this is that the change of plasma cortisol
during the course of treatment is essent y the same in all
patients, S N A
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Fig. 2. The graph shows the diurnal variation of the plasma
cortisol levels of each patient during the entire period of : .
investigation. This is represented in the analysis of va-
riance by the patient X time interaction which was statis-
tically significant (0.025 > P> 0,01), The meaning of this
i1s that while all the patients show & fall in the values be-
tween 7 a.m. and noon, the values fall significantly more in
the case of patient number 5 than in the remainder.
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Fig. 3. The graph shows the change in the diurnal variation
of the plasma cortisol levels during treatment. This change
is represented in the analysis of variance by the treatment X
time interaction which is statistically significant (0,025>
P>0,01). The meaning of this is that the shape of the diur-
nal variation curve changes in the course of treatment; the
drop between 7 a.m. and noon being less marked two and four
weeks after treatment than before treatment was begun.
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The data for the imvestigation on the 7 depressed patients and the
7 nornlv subjects are shown on Table VI. The analysis of variance
table for this data is given ia Table VII. Exsmination of these
results shows that there was a very highly siganificant differeace
between the m‘ groups of subjects (P < 0.0005, Table VII). The mean
and standard errer of all m:t.y-oﬁ values for the 7 subjects was
27.8 + 2.7 ug/100 ml, plasma, while the correspondiag values for the
normal was 11.8 £ 1.3 ;1g/100 ml. plassa (Table VIII). Further exami-
nation of the data in Table VII shows that there was a very highly
significant difference due to diurnal variatioa in the values (P <
0.0005, Table VII). Subsequent t tests showed that there were signi-
ficant differences between the 7:00 A.M. and moon values (0.02 > P >
0.01, Table VIII) and also between the moom sad 10:00 P.M. values
(0.01 > P> 0.001). It will be noted that in examining the data in
Table VIII, the differences between the two groups was greater at
7:00 A.M. than at moon or at 10:00 P.N.

The differences between the mean of values obtained from mlu
takea at 7:00 A .M. and moon (9.9) was higher than those obtatnc&' be-
tween noon and 10:00 P.M, (6.2). Nevertheless the significance of
the difference between noen and 10:90 P.M. values was appareatly

higher than those obtained between 7:00 A.M. and neon. The reasen



k3=

for this is that in comvertimg the data to legarithms the larger
numbers were reduced much more tham were the smaller omes, thus
leading to the type of discrepancy just mentioned.

The interaction betweea the effect of depression nd the diuraal
variation was statistically sigaificant (0.025 > P > 0.01, Table VII).
This level of cigniftéancc was reached when one used the diwrnal
variation x subjects within groups error which in this analysis is.
less than the subjects within groups error. Im shert, the ordinary
test leads to a otatiltiéally otgntficant result for the imteraction
but when repeated with the .ibjcct. within groups error which was
larger, the results do mot quite achieve significance (0.20 > P >
0.10, Table VII).

Exsnination of the data in Table IX sheows that differemces be-
tween the logarithm of the valuss at 10:00 P.M. are bigger than those
at 7:00 A.M, or noon. This is apparently net statistically significant
if ene applies the comservative test. On the other hand, examinatioa
of the raw values of the same data in Table VIII shows that the big-
gest differences between patients aand normals wers ebtained at 7:00
~A.M, as compared with the other times. The discrepancy betweeam ths
values obtained in Tables VIII and IX is due to the conversion of the
raw values into leogarithms which reduced the larger aumbers to a

greater extent than it did the smaller onmes,



A graph of the raw values is shown in Figure 4. It is ebvious
in this figure that differeaces between patients and nmormals were

greater at 7:00 A.M. than at meon or 10:00 P.M,.
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AGE 1IN
SURJECT YEARS 7:00 AM. | 12 noem | 10:00 2.N.
: - -

1 48 29.00 20,50 18.75

2 62 34.00 18.75 15.50

Patients| 3 7 31.00 19.25 12.50
4 7 34.00 16.00 11.75

5. 56 53.00 | 32.75 31.25

6 64 61.00 37.25 23.50

7 48 34.00 29.00 21.50

1 60 23.00 14,00 5.00

2 66 17.00 13.50 . 2,75

Normals 3 49 16.50 13.50 3.25
4 65 22,50 16.50 6.00

5 73 17.50 9.00 6.00

6 53 15.50 11.25 9.50

7 54 11.50 8.00 5.00

TABLE VI

Plasma Cortisel Levels (1ig/100 ml.) in Normal

Subjects and in Depressed Patients




Analysis of Variance Table for 2-Factor

Experiment with Repeated Measures

*% Significant at the 0.05%1 level..
* Significant at the 2.5% level,

DPEGREES OF | VARIANCE
SOURCE SEM OF SQUARES |  FREEDOM | ESTIMATR
BEIVEEN SUBJECTS 2.13080280 13 -

‘]A (Effect of Depressien) 1.70323989 1 1.70323989%%
SUBJECTS WITHIN GROUPS 0.42756291 12 0.03563024
WITHIN SUBJECTS 1.69179551 28 -

B (Diuraal Variatioen) 1.30524173 2 0.65262087%%

| a 0.14450158 2 0.07225079*
B x SUBJECTS WITHIN GROUPS|  0.24205220 2 0.01008551

TABLE VII
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supmcTs | 7:00 A * | 12 meon | 10:00 P | mmAwss | sTANBARD ERROR

Patients | 39.4 | 28 | 193 278 2,7
Nermals 17.6 123 | 5.4 11.8 t 1.3
Meam wwx | 28,5 | 186 | 12,4

TABLE VIIT

Summary of Depressisn x Piuramal Variatiom Iateraction
% The value:shown fer. .8 given time i3: the mean of
seven determinatiens. :
** The values shown in. this. eoluu are the mean of
twenty-one uthlthu
~ #ikepg yalues shown in this row are the mean of feur-
teen estimations.




SUBJECTS 7:00 A.M. 12 noon 10:00 P.M. TOTALS

Patients 11.0579 9.6219 8.8287 29,5085

Noermals 8.6558 7.5326 4.8622 21.0506

Total 19.7137 17.1545 13.690% 50.5591
TABLE IX

Summary of the Log Valuoi of Depression x

Diurnal Variatioa Iateraction
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CLINICAL NWOER OF
RATING ~ ESTIMATIONS MEAN AND STANDARD ERROR
] | | |
-+ 21 27.8 * 2.7 ug/100 ml,

4+ 6 20.0 + 14,2 "
++ 9 13.9 2 7.1 "

+ 6 15.5 £ 10.6 =

° 9 10.5+53 =

TARLE X

Plasma Cortisel Levels (ig/100 ml.)

Accoxding to Clinical Rating
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Patients

Normals ioee————

15

Plasma Cortisol mcg /100 mI

9
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Fig. 4. The graph shows the diurnal variati.on in the plasma -
cortisol concentrations of normal and depressed subjects. In
the analysis of variance it is represented by the depression X
diurnal variation interaction (ABs which was statistically

significant by the ordinary test (0.0 >P> 0,01) but not by

the conservative test (0.20> P >0,10), The meaning of this is
‘that the differences between the mean values of the patients {
and the normals were greater at some points than at others, L
Examination of the curves shows that this difference was con-
siderably Agreater at 7 a.m. than at moon or 10 p
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DISCUSSION

The levels of plasms cortisel in this study were found te be
very much higher in the psychotically depressed patients than in
normal subjects of comparable age and sex. Board et al. im 1957,
limiting their imvestigation to examining morming samples of blood,
showed that raised levels of adremocortical hermome occurred in de-
pressed patients at this time of day. The present results indicate
that the high cortisol levels found in depressive illness extend
througheut the twenty-four hour period with the highest values occur-
ring ia the early morning. In addition to the primary meod distur-
bance there were at least three additiomal facters contributing to-
vu:do the initially high pre~treatment levels of cortisol., These
included the stresses preduced by being admitted to hespital (Masem,
1959; Mason et al., 1963), undergoiang the procedure of vemipuncture
(Cleghorn and Graham, 1950) and the freedom from any sedative medi-
 cation which might lower the hormone values (Shibusawa et al., 1955;
Co Tui et al., 1960). The role played by these factors is probably
only a minor one but they should be taken iato ceusideration when
evaluating the differsnces between the mormal subjects and the de-
pressed patiemnts in this investigation.

A good correlation was found between the severity of the
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clinical depression and the hormone levels in the plasms (Table X).

- The two cases with marked on‘jccttvc and moter retardation had higher
levels than the others, all of whom were agitated. This supports the
findings of Board et al., 1957.

The levels of cortisel were foumd to vary at differeat times of
the day in all patients in a similar fashion to that of normal subjects,
with the highest level present in the merning, the next highest at
noon and the lewest values in the evening. This suggests that in
depressed patients the same mechaniem which cemtrols the normal diurnsl
thythm of cortisol secretion is still operating but that it is greatly
accelerated, causing a significant increase in the adremocortical acti-
vity which in turn preduces the highk peripheral blood hydrocertisone
levels. The recent work by Gibbons in 1964, using radioactive cortisol
to determine the adrenccortical secretion rate, confirmed this increase
in adremal activity in depressed subjects, and it demonmstrated that
there was a ilgi correlation between the elevated plasma @rtiaol
levels and the cortisol secretiom rate,

The shape of the diurnal curve in the depressed patieants changed
during the course of treatment. The high pre-treatment levels fell
considerably after two weeks' treatment, with a further smaller
decline after four weeks' treatmeant. The levels changed ia exactly
the same way in all patients so that with remission or significaat

improvement, the cortisol values resembled those of normal subjects
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which meant that their diurmal variation curves were also in the
normal range.

‘¥hile the number of patients treated is small, the rn#lu show
an effect which appears to be comsistent. Por the first two days of
the investigation, no patient improved om placebo, in fact, they
became worse, with aggravation of the depressive mood and insomnia.
All five patients however responded faveurably to the prescribed amti-
depressant medication. Of the five cases who completed the study,
four were treated with amitriptyline and ome with imipramine. The
two cases who had to drop out of the study had alse been placed on
htpruiu; The effectiveness of the amitriptyline was clinically
evideant during the first week of treatment but much more so at the
end of the second week., Then the clinical improvement was moticeable
to the medical staff and also to the patieats' relatives. The im-
proved cliunical picture was accompanied by a fall in the plasma
cortisol levels., This fall was greatest in the peak morming values
after the first two weeks. Aftct four weeks, there was a further
decline in the certisol values with the levels moving towards meore
normal ones. The case treated with imipramine followed a similar
cowvge. Clinically the depression cleared up completely in three
of vthc cases,and in the other two, only mimor symptoms remained

which cleared after a2 further twé weeks of treatment. Since sedative
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-ndtcatidns»arg known to lower the hydrecortiseme values in the peri-
pheral bloed and since the only additional medication givem to these

. patients was placebe, we caa conclude that the drug influence om the
plasma cortisol levels was dug entirely to the prescribed amti-
dcprcco;n: medication, 'IinAindtriptylt-s showed a consistently goed
response in lowering the plasma cortisol and the one case ¢£~inipra-tn.
did likewise. Nowéver, net all d-prgs.od patients respond as consis-
tently aund £¢rourab1y as this. Ver example, the five depressed pnttcnés
treated iy Gibbons and McHugh (1963) with imipramine showed different
responses. Ons improved climically and shewed a decline in plasme
cortisol values but the other four had ne clinical improvemsnt. 7ITwo
of them showed no change in the levels of cortisel and the other twe
had transient falls followed by a subsequent rise to the previous
levels.

It is new an accepted fact ;hat the effectiveness of any drug
varies with each individual patieat and se the question frequeatly
rises whather te contianme treatment with a specific -ndteuttonﬂvﬁtch
clinically does not appear to be having the desired effect. Under
these circumstances, it seems reasonable to suggest that if there is
‘mot a substantial fall in the plasma certisol levels, especially the
esrly meraing values, after two weeks, it {s prebably a geod indica-
tion that thq.dzug is net the medicatiom of cheice for that patient

and should be changed.
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In addition to the medication prescribed, there are a number of
other factors which should be takea i.nto‘ account when considering the
consistently good response of these patients to treatment, EKach pa-
tient received much more individeal atteation tham the average admis-
sion. Interviews takiamg the form of supportive psychotherapy were
given three or more tmi during the day, by the author. The nurses,
who were also incorperated into the treatment plan, speat more time
with these patieants than they normally would have. The part played
by this persomal supervision in improving the outlook and the deter-
mination of each pat:icnt to get better is difficult to evaluate, but
it should not be underestimated.

The sleep disturbance in psychetic ﬁnoo.in has a characteristic
pattern quite distinct from that which occurs in neuretic depressien.
Patieats usually state that they are able to get over te sleep with-
out much difficulty but that they awaken in th“urly hours of the
moraing and canmet get Scck to sleep agaia, All seven depressed cases
in this study had this typical disturbed sleep rhythm. On the other
hand, the neuretic depression complains that he has difficulty get-
ting to sleep but once aslesp goes right through umtil merning.

A number of imvestigators have put forward explanations fer this
disturbance in sleep in depressed subjects. For instance, Swift and

Elithorn in 1961 postulated that there was a primary hypothalamic
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disturbance which resulted in uhiunrﬁ.oa of the sleep rhythm tending
to produce increased wakefulness atmight; leald et al., in 1963, after
taking continuous nocturnsal encephalographic recordings measuriang eye
movements and bed movements, reperted that they failed to reveal amy
characteristic abmormality of sleep in patients with melancholia other
then an excess of wakefuluess. |

The present findings suggest a somewhat different hypothesis to
accouat for the insomnis. It appears to the writer that the primary
disturbance in mood sets off a chain of events iavolving overactivity
of certain hypothalamic fumctions (beginsing possibly in the rhlm;
cephalon) causing an increased output of ACTH wkich in turn produces
overactivity of the adrenal cortex leading to an elevation of the
. plasma certisel levels, m high pﬁk morning values found in normal
subjects fall throughout the day so that low levels occur at night,
and even anxious subjects who have higher moraning values than normal
psople are found to have viry low or evem nondetectable, i.e. zero,
levels in the ovoniag. In coatrast, the depressed patients have
extremely high morning values aid even though these decline during
the day, the evening Igvola are still very high., 1In the diurnal
cycle, the secretion of cortisel commences in the early hours of the |
morning so the already high plasma cortisol levels are further in-

creased until they reach their pesk values between 6:00 A.M. and



8:00 A.M. Depressed patients have, therefors, very hiih plasma corti-
sol values throughout the tweaty-four heurs with the highest values
occurring in the early hours of the mormimg, coinciding with the early
worning awakening and the iacreased wakefulness. There is a signifi-
cant amount of evidence to suggest that certisol in high doses exerts
an excitatory effect on the ceatral mervous oyﬁtn 80 that it seems
-reasonable te suggest that the very high plagma cortisol values in
these patients exert a stimulating aettoi on the braim to produce the
early mornisg awakeniag.

If this hypothesis is coerrect then by lowering the early moraming
cortisol values, we would eliminate the early morning awakeaning in the
psychotically depressed patient. Nichols et al. (1965), in a receat
publication, suggest & method whereby selective suppression of the
adrenal cortex can be produced by giving small munt;c of gluce-
corticoids. They found that by giviag mormal subjects one-half
milligram of dexamethasone, they could almost completely suppress the
secretion of cortisol ever the follwins twonty-tm hour period.
Application of this test te psychotically depressed subjects with
early morning swakening is an area for further investigationm.

It may also be more than coimcidence that the exacerbation of
the depressed mood occurs at the same time as the very high levels of

plasma cortisel, that is, first thing in the moraing. 1Ia this imvesti-



~58=

gation, when the cortisel levels fill, the morning exsacerbation of
moed disappeared in all five cases.

Although we do net as yet kanow the functien of the cortisel in
depressive illness, it would appear to be a useful imdicator of the
severity of the illness, amd a guide to the progress of treatment,
Furthermore, there is the pessibility that it may be responsible for

at least two of the primary symptoms ia this conditiea.
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The diwrnal variatien i plasma cortisel levels was studied in
14 subjects, 7 psychiatrically depressed patients and 7 nermal perseas
of comparable age and sex. PFive patients were treated with antidepres-
sant medication and their plssma cortisel values estimated after 2 weeks
snd again after & weeks of therapy.

The levels were higher in the patieants and remained high by mermal
standards throughout the 24 hours. The highest values occurred inm the
sorning and the lewest ﬁt night. Geed cerrelatien was found between
the severity of the climical depression and the levels of plasma certi-
sel. Patieats with marked retardation recerded the highest values.

No pathognomonic diurnal variatiom curve yu found for psychetic
depressive illnesses, imstead, each patieat had an individual curve
which changed duriag the ceurse of treatment.

It is hypethesized that mttui is an indicater of the severity
of psychotic depression and a guide to the progress of treatment.
Furthermore, it may also be responsible for the early morning awake-

ning and moraing exacerbatien of moed ia this illness.
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