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EDITORIAL

Circadian rhythms and mental illness

The possibility of looking at biology in terms of the timing of processes has been taken much more
seriously in recent years. One aspect of this approach has emphasized that Claude Bernard's stress
on the constancy of the milieu interieur needs modifying, as man is also in part a complicated collec-
tion of oscillating systems. A particularly important group of oscillations produces the so-called
circadian (circa die, approximately 24 hourly) rhythms (Aschoff, 1965).

An individual isolated in a cave or chamber develops circadian rhythms of sleep and wakefulness,
steroid secretion, electrolyte metabolism, and so on, and, in fact, 24 hours plus or minus 0 to two hour
cycles will be adhered to fairly precisely. In our normal environment entrainment of these endo-
genous rhythms occurs through the effects of time clues (Zeitgeber) (AschofT, 1965), given in most
plants and animals by light, but in man and other higher mammals by social factors as well. The
actual state of the individual is the product of the underlying 'clocks' and the environment. Changes
in this state should probably be called diurnal unless there is evidence that they are essentially
dependent on the endogenous circadian 'clocks'.

One uses the plural 'clocks' because desynchronization (Lobban, 1964) can occur between be-
haviour and other factors, and even between, for example, excretion of various electrolytes. With in-
creasing age in early childhood the adult pattern of the phase relationships of the many variables
emerges. The rhythms themselves develop sequentially, and at first they are out of phase with each
other (Hellbriigge, 1965). Changes due to time shifts in travel also cause desynchronization; each
variable adjusts at its own rate to the new environment. The desynchronized states probably reduce
mental efficiency.

Unicellular organisms show circadian rhythms of metabolism (Mayersbach, 1967), as do individual
cells, including neurones in higher animals (Strumwasser, 1968). The hypothalamus, however,
probably contains centres synchronizing rhythms of different variables and of individual cells
(Slusher, 1964; Kakolewski et al, 1971). In this editorial, it is not possible to say much about the
exciting search for the true function of the biogenic amines, except to comment that reputable
theories of sleep, depression, arousal, psychopharmacology, and of control of menstruation and
circadian rhythms can be developed which are dependent on the selective concentration of amines
in the terminal vesicles of neurones in the upper brain stem and the hypothalamus.

Circadian rhythms and the menstrual cycle are among the most well-authenticated rhythms in
man, but ultradian (of less than whole day periods) and other infradian cycles (of longer than one
day) have been widely reported. For psychiatry the 90 minute cycle of rapid eye movement sleep
(associated with dreaming) (see Blake and Gerard, 1937; Lubin et al., 1973) is of special interest. It
is claimed that it occurs throughout the day, as is shown by oral behaviour (Friedman, 1965; Fried-
man and Fisher, 1967; Oswald et al., 1970; Globus et a!., 1973) and by the EEG (Kripke, 1972).
Halberg (1969), who coined the term 'circadian', suggests a circaseption (weekly endogenous
rhythm) (Halberg et al., 1969), as well as 20 and 30 day cycles. To demonstrate this, he has used his
cosiner analysis based on fitting sine waves to the crude data (Halberg et al., 1967). Despite its
importance, this method has limitations and its 'statistically significant' rhythms may not always be
biologically significant (see, for example, Sollberger, 1965; and Cauter and Huyberechts 1973).

Over several centuries, observations of comparatively rare examples of remarkably predictable
recurrences of periodic psychoses have stimulated interest and raised the hope that studies of these
patients might help us understand important aspects of the pathophysiology of psychoses (Testa,
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1787; Kraepelin, 1899; Pilcz, 1901; Gjessing, 1932-1960; Menninger-Lerchenthal, 1960; Richter,
1965; Jenner, 1968). Gjessing's work on periodic catatonia, however, is really the only example which
has borne therapeutic fruit, but even so only for a few patients and in a condition the nosological
position of which remains obscure (Mall, 1960; Hatotani et ah, 1962). Though the timing may well—
we think clearly does—demonstrate the existence of an organic component to the illness, it does not
of itself explain much about the condition. It cannot even be claimed that a 'clock' is revealed, any
more than it would be appropriate to say that the 'predictable vibrations' of a damaged railway
carriage revealed an underlying clock.

This, however, raises the fundamental question in this field. Halberg, as has been stated, seems to
believe that normal man is very significantly controlled by a number of oscillators, and that some
illnesses represent their expression to a pathological degree.

Richter (1965) also, in a somewhat different fashion, sees the body as a collection of desynchronized
oscillators which, because of their desynchronization, maintain a smooth performance of the whole
organ or organism. In this 'Shock Phase Hypothesis', he felt that psychoses may arise from the
synchronization of the phases of the oscillators, thus, as it were, rocking the boat. Richter (1965)
sees health as the comparative absence of rhythmic alteration in overall function. However, the
absence of a diurnal change in performance of a normal man seems difficult to accept even in our own
everyday experience and, indeed, very wide variations of steroid levels are present in health.

Without clear evidence to the contrary, precisely recurring psychotic states could arise de novo
because negative feedback mechanisms are altered and lead to oscillations. A fairly sophisticated
mathematical model based on an almost completely conjectural view of the significance of thyroid
stimulating hormone and thyroxine in the system has been produced by Jean Cronin (1975) (see also
Rashevsky, 1964). The importance of this model depends not on its probably mistaken endocrino-
logical assumptions, but on the fact that it shows that an approach divorced from research on
classical biological rhythms is attractive—one which does not make too much of the idea of 'clocks',
or of the methods of modern chronobiology. It is of interest that Abe (1965) is able to show that,
despite the fact that precise periodicities of psychosis are rare, there is, nevertheless, a marked
statistical tendency to approach such a timetable in large numbers of patients. If it were not for all
the more than conceivably correct psychoanalytical and sociological theories of the origins of affec-
tive psychoses, we might take such models producing various timing schedules more seriously.

In the rat the time of ovulation (in the middle of the dark period) seems to depend on its
circadian rhythm, and its oestrous cycle is therefore four or five whole days (Alleva et a/., 1970).
There seems little evidence yet that this is true of the human menstrual cycle, which is very little af-
fected in those who—for example, air hostesses—experience frequent time shifts (Preston et al., 1973).

The similarity of period to the lunar cycles must not be more than mentioned for fear of what
others might say, but in some animals rhythms of behaviour and of ovulation do seem to be synchro-
nized with these cycles (Richter, 1968). One is immediately reminded of Benjamin Rush's (1812)
observation that silence fell in the mental hospital during the eclipse of 16 June 1806; perhaps due to
the darkness!

The degree to which the circadian clock is 'used' to measure time for the menstrual cycle, and
perhaps other cycles, requires more attention. The change in mental state of some very well recorded
recurrent psychotic states can certainly show a persistent tendency to occur at the same time of the
day (Gjessing, 1932-1960; Jenner, 1968). This could be a conditional response (Fraisse, 1964) and
it is perhaps appropriate here to be reminded of Pavlov's (1927) view that time of day is part of the
stimulus in conditioning studies in which the state of the metabolism is, as it were, 'noted'. The
early Russian school thought that this use of clues from metabolism both explained how a dog
could distinguish even between 29 and 30 minutes (Feokritoff, 1912), and why at the same time
conditioning could not lead to responses which were delayed for more than 24 hours (Fraisse, 1964).

Stroebel (1967) made some extremely interesting studies based in part on this approach and
showed that deconditioning was much more efficient if performed at the time of day at which
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conditioning had occurred. He also showed (Stroebel, 1969) that speed of learning—at least in the
rat—correlates with steroid levels, an effect which could be blocked by adrenalectomy or metopirone,
an inhibitor of the ll-|8-hydroxylase in the adrenal cortex.

When Stroebel (1969) tried to repeat his rat studies using rhesus monkeys, he produced animals
with 48 hour rhythms of body temperature, (the normal temperature rhythm during hibernation of
some animals (Strumwasser, I960).) In fact, he found that two methods could be used to produce
such animals. One was simply to remove the neonate from its mother whom it could see but not
approach. The other method he used depended on teaching animals to use a lever to stop physical
stressors, such as hot and cold blasts of air, loud noises, etc. When the animal was well trained, the
lever was moved beyond its reach but not out of sight. Animals either responded with desynchronized
circadian rhythms of brain temperature with peptic ulceration, asthma, skin lesions, and polydipsia,
or by developing 48 hour rhythms of brain temperature. It was also of interest that the 'desynchro-
nized' group of animals returned to normal when access to the lever was restored or when tranquil-
lizing drugs were given; those with 48 hour rhythms were more difficult to treat.

Many further studies of this sort are required as they clearly suggest a relationship between
behavioural abnormalities, unusual biological rhythms, and circadian rhythms. Richter (1965), of
course, at a much earlier period also showed that many cerebral lesions in rats lead to predictable
recurrent cycles of behaviour. Personal experience has convinced us of the importance of his studies
but has also shown how difficult it is to repeat them.

While we have presented reasons why much of current research on biological rhythms could be
misleading if too optimistically applied to studies of periodic psychoses, it must be conceded that the
rare examples of 48 hour, 72, 96, and 120 hour cycles must lead one at least to try to under-
stand whether they depend on the circadian rhythm of the individual. Such patients have been
reported repeatedly by Kraepelin (1899), Menninger-Lerchenthal (1960), Mayer Gross (1961),
Bunney and Hartman (1965), Richter (1965), and Jenner (1968). The change of state at 02.00 hours
in one study seems strongly in favour of a dependence on the circadian rhythm, at least for the
patient's symptoms (Jenner, 1968). However, one experiment, in which a 48 hour patient lived to a
time schedule in which day and night were of 22 hour duration, demonstrated very clearly a desyn-
chronization of the renal electrolyte excretion rhythms and the psychosis, which quickly showed a
44 hour rhythm (Jenner et ah, 1968). In Bleuler's (1911) very influential book Dementia Praecox
oder Cruppe der Schizophrenien, there is a remarkable history of a patient living in an ordinary
environment with a clear 50 hour cycle. This is perhaps an example of a free-running circadian
rhythm and a doubled rhythm of psychosis. A too-simple model, based on the analogue of a compu-
ter's binary system and doubling circuits, has, however, to be rejected, as 48 hour cycles can change
to 72 hour cycles in the same person (Jenner, 1965).

In field studies so many other factors operate that it is difficult to assess the significance of the
circadian rhythms for the findings obtained (Menzel, 1962). Conroy and Mills (1970), for example,
found an interesting difference between night workers in engineering and journalism. The former do
not adjust their steroid rhythms, the latter do, because, the authors suggest, the family adjusts
differently and because they spend their off-duty times differently.

Such problems need to be remembered when we consider the diurnal changes in mood and so on
that were described by Kraepelin (1899) in affective psychoses, and the interesting observation that
men seem to be of two types, the morning and the evening types. The former rise early and wilt: they
are introverts and have a typical temperature curve; the latter rise with difficulty to improve to
overt extroversion in the evening (Colquhoun, 1971).

The nosological significance of the diurnal changes in affective psychoses has been questioned, as
has even the consistent pattern within individuals (Stallone et a/., 1973). This field has been very well
reviewed by Waldman (1972) who, while pointing out the complexities involved, nevertheless makes
it quite clear that Kraepelin had as usual, discovered an important phenomenon, but one which
requires a review for itself, It is equally true that the changes of diurnal rhythms of steroids due to
stress, and depending on personality types, could have been emphasized in this note (Montagner
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et al., 1973; Henry et al., 1973). The toxicity and effectiveness of drugs in relation to the time of
administration is also important and has been well reviewed by Moore Ede (1973).

GWYNETH A. SAMPSON AND F. A. JENNER
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