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ABSTRACT 

Chronobiology developed slowly after it was recognised that rhythmicity 

was a fuadamental property of life. However, the principles of 

chronobiology are not well integrated in clinical practice. Therefore, this 

dissertation aims to integrate neuroscientific knowledge in a curriculum 

for chronobiology to be presented to South African psychiatrists in 

training at UCT, and is one of several steps in a programme to promote 

the concept of chronobiology in psychiatry. 



All life has its seasons and cycles, and no one's personal 
chaos can be permanent. 

Winter, qfter all, gives way to spring and summer, 
Though sometimes when branches stay dark 

and the earth cracks with ice, 
One thinks that spring and summer will never come ... 

... but they always do. 

--Truman Capote 



CHAPTERl 

INTRODUCTION 
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Considering that the human brain consists of approximately 100 billion 

neurons with 100 trillion neuronal synapses and is submersed in a "soup of 

neurochemicals"(I) (2), one can appreciate the immense possibilities for 

pathology. Mathematics (combination theory) allows us to calculate the 

possible number of permutations (N!) of"N" number oftbiogs : i.e. N! = Nx 

(N-I) x (N-2) x (N-3) x ... x 3 x 2 x I (3). 

Our cmrent understanding of psychiatric disorders is that they have 

heterogeneous underlying nemopatbology expressing themselves through 

common final pathways. It is then understandable~ taking the above 

mathematical, anatomical and neurochemical realities into account, that 

psychiatry as a medical specialty will continue to contribute to the 

evaluation, investigation~ treatment and research of individuals presenting 

with psychiatric symptoms. 

Despite continual development in nemoscience our knowledge of the mind's 

relationship to cerebral excitation remains an enigma. "It is believed that it is 

not the quality of the sensory nerve impulse that determines the diverse 



conscious properties, but rather the different areas of the brain into which 

they discharge" (4). 

The role of hormonal activity in "emotional life" is currently also studied­

and although we have little understanding of specific hormonal patterns 

relating to this the possibilities for speculation and experimentation are 

vast(5). 

Chronobiology developed slowly as a science, but it is now well accepted 

that rhythmic activity is a fundamental property of living matter (6). 

7 

The aim of this dissertation is to, initially, highlight the photoneuroendocrine 

system in the central nervous system and to develop a conceptual model for 

the role of chronobiology in psychiatric disorders. The latter will be 

achieved by integrating relevant neuroscientific knowledge into a core 

curriculum, relevant for South African psychiatrists and all those in training. 

Ultimately, however, the aim is that through this effort the teaching of 

chronobiology be promoted and research on the topic be stimulated, 

eventually leading to the development of cost effective treatment of 

psychiatric disorders with underlying chronobiological pathology. 

Presentations on this topic by the candidate win also be summarized in an 

addendum. 
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CHAPTER 2 
ENDOGENOUS BIOLOGICAL RHYTHMS 

2.1 Introduction 
Endogenous biological rhythms are generated within an organism. They can 

be categorized as simple or circa ( Latin. circa: about ). Simple endogenous 

rhythms are not synchronized with external environmental stimuli (e.g. 

cardiac cycles). Circa endogenous rhythms, however, are influenced by 

geophysical environmental cycles. Many circa-rhythms are recognised and 

are called e.g. circatidal (about 12 hours), circadian (about 24 hours), 

circalunar (about 28 days) and circannual ( about 1 year) (7). 

Because of the importance and marked predominance of biological rhythms 

of "about 24 hours" (circadian) in eukaryotic organisms, other endogenous 

rhythms are related to this - ultradian rhythms ( shorter than 24 hours) and 

infradian rhythms (longer than 24 hours) (7)(8) . See Figure 1. 

2.2 Chronobiology 
Chronobiology is defined as the study of mechanisms and alterations of each 

organism's temporal structure under various situations (6), or as the 

scientific study of the effect of time on living organisms (9). In order to 

discuss how chronobiology can contribute to our understanding of its role in 

psychopathology, it is necessary to elaborate on the concept of biological 

time structure. 



o 

Ultradian 

24 hours Circadian 

1 month 

Infradian 

1 year Circaannual 

Figure I : The relationship between certain biological rhythms. (7,8) 



10 

The concepts of anachronobiology ( constructive effects of time on a living 

system) and catachronobiology ( deleterious effects of time on a living 

organism )(9) also become relevant when considering the role of 

chronobiology in psychopathology. 

Biological systems possess a prominent temporal structure. Although the 

two best known biological rhythms are those with bioperiodicities of about 

24 hours (circadian) and about one year ( circannual ), certain biological 

functions may have other bioperiodicities (6). 

2.2.1 The Suprachiasmatic Nucleus 
The development of the concept of a biological clock has led to a search for 

the body's "master clock." It was established that the suprachiasmatic 

nucleus (SeN) is likely to be the circadian oscillator system, which drives 

some neuro-endocrine circadian rhythms. This is sometimes called the "y" 

oscillator (6). 

The SeN is a group of about 10 000 neurons located above the optic 

chiasma, centered around the midline, approximately 3 cm behind the eyes. 

It is part of the anterior hypothalamic nuclei (10) (11). The SeN, as a 

hypothalamic structure, is derived from the diencephalon (12), and the 



hypothalamus as part of the limbic system (13) has an important role in the 

genesis of emotion. 
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The SeN is a member of the photoneuroendocrine systems (6). Via the 

retinohypothalamic tract, the SCN receives optic input from the environment 

that is used in the control of biological rhythms and neuroendocrine 

functions (14). 

Other neuronal pathways are also involved in the entrainment of the SeN to 

the light/dark cycle. It was shown that neurons from a subdivision of the 

geniculate - an area called the intergeniculate leaflet - also project to the 

SCN (geniculohypothalamic tract: GHT )(15). 

Damage to areas that spare the GHT but involve either the primary optic 

tracts or the lateral geniculate complex also disrupt the circadian 

entrainment (15). 

The process of establishing the efferent connections was a complex task -

considering the small size of the SeN and its close relationship with major 

neuronal tracts. With the use of special anterograde tracing techniques ( e. g. 

titrating aminoacids, phaseolus vulgaris leucoagglutin (PHA-Z), 

degeneration studies, immunohistochemical studies and electrophysiologica1 



studies) it was concluded that the projection pattern of the SCN is 

predominantly ipsilateral. It consists mainly of 6 anatomical components 

that project to intra- and extrahypothalamic areas. See Figure 2 (16). 

Vasopressin (VP) is secreted by the SCN in a circadian nature. VP is the 

only known gene product to be secreted by the SCN in this manner. The 

systemic action of VP (antidiuretic effect on kidney and vasoactive effects 

on arterioles) is better understood than its role in the SCN. 
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The significance of the above is that the VP mRNA peptide's rhythm in the 

SCN and cerebrospinal fluid can be seen as a model for circadian regulation 

in a complex mammalian system. It is speculated that the rhythm of VP 

secretion by the SCN affects other areas via direct SCN efferents - VP 

neurons within the SCN terminate in the SCN itself, the subparaventicular 

zone of the hypothalamus and in the para ventricular nucleus of the 

hypothalamus. VP stimulates corticotrophin-releasing hormone (CRH) and it 

is possible that SCN VP may , via stimulation of hypothalamic CRH 

regulate the hypothalamic-pituitary-adrenal axis (17). 

The excitatory neurotransmitter glutamate seems to be a major component in 

the RHT for regulating entrainment with the light/dark cycle. The GHT 
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I BST LS p;J IGL PVHPOARQVMHDMHPHAPAGI 

EXTRA HYPOTHALAMIC HYPOTHALAMIC 

SCh = Suprachiasmatic nucleus BST = bed nuclei of stria terminalis 
LS = Lateral septal nucleus 
PVT IPT = paraventricular nucleus of thalamus 
I GL = intergeniculate leaflet 
PVH = paraventricular nucleus of hypothalamus 
POA = preoptic area nuclei RCh = retrochiasmatic area 
VMH = ventromedica1 nucleus of hypothalamus 
DMH: = dorsomedial nucleus of hypothalamus 
PHA = posterior hypothalamic area PAG = periaqueducta1 gray 
SPVHz = subparaventricu1ar zone. Contains approximately % of all 
SCN - efferents. It is the major terminal field for SCN efferents. 

Figure 2 : Efferent SCN projections. (16) 



plays some role, with neuropeptide Y as the putative neurotransmitter, in 

circadian rhythm entrainment, but at present there is no evidence that the 

GHT is essential for this purpose. 

Studies to elucidate the role of serotonin ( from the midbrain raphe) in the 

SeN points towards a possible role for serotonin in influencing either the 

perceived intensity of photic input or the photic responsiveness of the SeN 

to environmental lighting (18). 

The SeN's subdivisions contain different neurotransmitters. The 

dorsomedial division contains arginine vasopressin (A VP) and the 

ventrolateral division vasoactive intestinal peptide (VIP). GABA-ergic 

neurons are found in all these subdivisions. VIP , peptidine histidine 

isoleucine (PHI) and gastrin releasing peptide (GRP ) together appear to 

play an important role in the SeN to control circadian rhythms. 

The exact mechanism of how neurochemical signals enforce circadian 

rhythms is obscure (18). 
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Neurotransmitter and receptor binding (ftrSt messenger) cause a change in 

second messenger levels that can lead to the induction of the transcription of 

immediate early genes (lEG) c-fos and jun (third messenger). The 

consequent translation ofFos and Jun proteins can increase transcription of 



DNA (via a Fos-Jun dimer complex that binds to the DNA regulatory 

element, AP- 1 site) to increase the production of a particular protein. 
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Amongst the stimuli or conditions that are known to activate c-fos is light 

stimulation. It appears that there is a relative specific production of c-fos in 

the SCN. The internal SCN clock can be phase advanced; i.e. reset to an 

earlier time by light stimulation just before the expected onset of 

environmental light. lEG is believed to affect genes that regulate the 

circadian pacemaker (19 ). 

Two genes have been identified that have the sole function of controlling 

rhythms - the period ("per") gene and the timeless ("tim") gene. Evidence is 

starting to suggest that the protein products of the per and tim genes - PER 

and TIM respectively - move between the cytoplasm and the nucleus of 

cells, regulating not only the expression of themselves, but also of other 

target genes. The messenger RNA encoding PER and TIM as a result of the 

process follows a circadian rhythm. 

Both the "per" gene and ''tim'' gene are transcribed during the day. TIM­

protein is however, degraded by a light-induced process and the day-time 

level of TlM-protein thus remains low because of this. In order for the 



16 

proteins to function PER has to bind to TIM to form a PER-TIM dimer 

complex. This, however, occurs only after sunset when TIM protein levels 

rise. The complex then becomes functional and enters the nucleus where it 

inhibits the transcription of its own genes as well as other target genes ( yet 

unidentified). By morning PER and TIM levels have dropped and no longer 

inhibit transcription. 

Recently a semidominant autosomal mutation named "clock" has been 

discovered. Mammalian genes related to clock and implicated in circadian 

rhythm control have been identified. The clock gene appears to regulate the 

circadian period and the persistence of circadian rhythmicity. Mice, that are 

homogenous for the clock mutation, show very long circadian periods with 

complete loss of circadian rhythmicity in constant darkness ( 19)(20) 

(21 )(22)(23)(24). 

2.2.2 The concept of interacting oscillators 
In the previous section the SCN - pacemaker ( oscillator "y" ) was described. 

There is, however, evidence that a second or "x" oscillator exists, 

presumably outside the SCN. This second oscillator is involved in the 

regulation of body temperature. 

When the SCN (or tly" oscillator) is destroyed, body temperature rhythm 
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will persist. These two oscillators are internally synchronized. Periodic 

zeitgebers are suspected to affect only oscillator "y". The oscillators affect 

each other - the effect of "x" on "y" is about four times greater than "y" on 

"x". These two oscillators can become desynchronized. Under these 

circumstances other physiological rhythms will either follow the sleep-wake 

("y" oscillator) or temperature ("x" oscillator) pattern (25). 

2.2.3 The. Pineal Gland 
The pineal gland, once called "the seat of the soul"(Descartes), is a 

diencephalic structure, and part of the epithalamus(14). The pineal gland is 

attached to the posterior part of the roof of the third ventricle, and is also 

part of the circumventricular system. The human pineal gland is 5 x 7 mm in 

size and weighs 100 - 150 mg (26). See Figure 3 for the anatomical 

relationships of the pineal gland (27). Its relationship to other structures in 

the photoneuronendocrine system is shown in Figure 4 (28 ). 

Melatonin synthesis and metabolism are described in detail in the literature 

(14) (29) and only an overview is shown in Figures 5 and 6 (29). The 

synthesis of melatonin from tryptophan is under sympathetic noradrenergic 

control with N-acetyltransferone (NAT) as the rate limiting enzyme. NAT's 

activity can increase up to a hundredfold at night. Melatonin undergoes a 
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Figure 3 : The pineal gland. A circumventricular organ - its anatomical 
relationships. (27) 



• The pineal organ is capable 
ofhumoral(hormonal) and 
neural types of signals; the 
corresponding target areas 
are only partly known. 

SUPRACHIASMATIC NUCLEUS 

PINEAL PHOTORECEPTORS 

r 
EXTRARETINAL HYPOTHALAMIC 
PHOTORECEPTORS 

RETINOHYPOTHALAMIC PATHWAYS 

The retinohypothalamic pathway project to circumscribed hypothalamic 
areas (HfH)~ which may also be the target of signals originating in the deep 
hypothalamic (encephalic) photoreceptor. Both mechanisms appear to serve the 
control of adenohypophysea1 (HYP) functions. 

~ 
• HYP 

Figure 4 : The photoneuroendocrine system. Diagrammatic representation 
of the general concept of photoneuroendocrine systems. 
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Figure S : Melatonin synthesis (29). 
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Figure 6 : The metabolism of Melatonin (29) 



microsomal phase I and 2 reaction in the liver - hydroxylation followed by 

sulphate or glucoronide conjugation and is excreted through the kidneys 

(14)(29). 
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Figure 7 illustrates the probable pathways from the retina to the pineal gland 

by which pinealocytes are innervated by the noradrenergic system (29). 

Melatonin has been shown to influence circadian rhythms. This is thought to 

be via high affmity melatonin receptors in the SCN. These melatonin 

receptors seem to have maximal high affinity binding for melatonin at the 

late onset period. 

Melatonin has also been associated with the regulation of a variety of other 

physiological functions, e.g. activity levels, feeding, drinking, body 

temperature and the seasonal timing of reproduction and metabolism. It has 

been said that melatonin ref'mes the events oflife (30)(31 )(32)(33). 

An important aspect that is often overlooked is that the pineal gland also 

contains a multitude of other neurotransmitters and receptors for amino 

acids, biogenic amines and peptides. Of these the noradrenergic system is 

probably the best studie<L but the exact function of other neurotransmitter 

systems~ e.g. the gaba-ecgic~ dopaminergic, glutaminergic, muscarinecgic 

and substance P is not understood as yet. There is evidence that melatonin's 
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Figure 7 : Proposed neural pathways between the ey~ and the pineal 
gland. (29) 
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interaction with dopamine may playa role in maintaining the function of the 

extrapyramidal motor system (33)(34)(35). A better understanding of these 

issues will have a positive impact on clinical psychiatric practice. 

The serotonin concentration of the pineal gland seems to enjoy special 

protection. The pineal gland has a serotonin concentration a hundred times 

that of the brain. During serotonin depletion studies the brain's serotonin 

level will start to decrease frrst, thereby sparing the pineal gland initially, 

before the pineal gland's serotonin level will start to diminish(36). 

There is an inverse relationship between serotonin and melatonin levels in 

the pineal gland: the melatonin level is highest during night time ( serotonin 

levels lowest) and the serotonin level is highest during day time (melatonin 

levels lowest) (26). 

By convention, light pulses are used to investigate the control of circadian 

rhythms. A phase response curve (PRe) is a protocol that was developed 

from observations on activity-rest-cycles. During these experiments animals 

are kept in constant darkness to ensure free-running rhythms (i.e. not 

entrained by zeitgebers). The period (tau) of the free-running cycle is 

divided into 24 circadian hours (taU/24 i.e. using circadian time as a 

descriptor). In rodents the daily onset of nocturnal wheel running activity is 
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the phase reference point for the rhythm and is designated CT 12 (circadian 

12 ) and indicates the start of the subjective night. Please see Chapter 6 for 

an explanation of terminology. 

The phase reference point for melatonin's PRC is either the onset of the rise 

in plasma melatonin in the evening, or the calculated peak time, or the 

morning and evening onset and offset ofN-acetyltransference ( the rate 

limiting enzyme in melatonin synthesis). A single light pulse can shift the 

phase of a free-running rhythm. The direction and magnitude of the shift will 

depend on the circadian time at which the light pulse is administered. 

Phase advances (i.e. a shift forward) are obtained by administering light in 

the middle to late subjective night and early subjective day. Phase delays 

(i.e. shift backward) are obtained by light being administered in the late 

subjective day and early subjective night. The subjective day represents a 

dead zone during which no shifts can be induced. The PRC thus represents 

the direction and magnitude of the shifts obtained in response to light pulses 

(26). 
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CHAPTER3: 

CUNICAL RELEVANCE TO PSYCHIATRIC DISORDERS 

3.1. Introduction 
Reflecting on the extrapolation of experimental animal data to the generation 

of hypotheses on the neurobiology of psychiatric disorders, researchers in 

psychiatry were faced with the problem that diseased tissue (brain) could not 

readily be collected from living patients suffering from psychiatric disorders. 

The study of post mortem tissue in psychiatric research has thus become 

more common(37). The assumption is that post mortem studies can act as a 

bridge between animal experiments and clinical studies(38). 

The training of psychiatrists in South Africa aims to produce a competent 

general specialist psychiatrist (39). Although a thorough grounding in neural 

sciences is obtained, few psychiatrists will follow a career path that would 

equip them with the high technology skills that are necessary to conduct 

research as described in the above paragraph. 

I would, however, like to propose that chronobiology offers the general 

specialist psychiatrist an opportunity to contribute to our knowledge base in 

psychiatry. By presenting clinical examples of the importance of biological 

rhythms in mental illness, it is hoped that the concept of chronobiology in 
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psychiatry will be promoted. 

3.2. Seasonal Affective Disorder 
For over 2000 years the effect of seasonal changes on the course of affective 

(mood) disorders have been noted. Two opposite seasonal influences on 

mood disorders were observed - the one begins in· fall and peaks in 

winter, while the other starts in spring and peaks in summer. The variation of 

the environment at different latitudes and the supposed effect of this on 

mood contributed to the prescription of climatotherapy, i.e. traveling to a 

different climate and latitude as treatment of mood disorders. 

From ancient times the role of darkness in depression was considered. 

Hippocrates wrote about" black humor" and its darkness that throws a 

shadow over the area of thought, comparing it with environmental darkness 

that makes people fearful (40). 

Rosenthal et al published a description of seasonal affective disorder{SAD) 

and their preliminary results with light therapy in 1984. They concluded that 

SAD is a subgroup of the mood disorders, but also that more research was 

needed to validate SAD as a distinct syndrome ( e.g. studies on 

demographics, family history, laboratory studies, outcome and treatment 

response). They commented on the fact that the main features of SAD -
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hypersomnia, overeating, weight gain and carbohydrate craving - are not 

represented on the Hamilton Rating Scale and that fatigability is also given a 

light weight. The severity of the depression can thu.s be underestimated (41). 

See Figure 8 for a working definition of SAD. 

The two opposite seasonal depressions also received attention. It was 

reported that these two seasonal types of depression have opposite types of 

neuro vegetative symptoms. Winter depression tends to have more atypical 

features namely increased appetite, carbohydrate craving, weight gain and 

hypersomnia. Summer depression is more likely to present with decreased 

sleep and appetite (42)(43)(44). 

As with most psychiatric disorders, SAD is a syndrome, i.e. described by 

symptoms and signs, clustered together to form a diagnosable entity. 

Various theories regarding the etiology of this syndrome have been put 

forward (45). 

The dopaminergic system has been implicated by suggestions that a basic 

behavioral system (the basic facilation system - BFS) which mobilizes an 

organism to engage with its environment under appropriate stimulus 

conditions is thought to be activated by inherently rewarding stimuli. The 

BFS is supposedly composed of two major components: 



Suggested working definition of SAD by Rosenthal et al (41) 

1. History of maj or affective mood disorder according to the Research 
Diagnostic Criteria. 

2. At least two consecutive years in which depression developed during Fall or 
Winter and went in remission during the following Spring or Summer. 

3. Absence of any other Axis 1 Psychiatric Disorder. 

4. Absence of clear· psychosocial variables that change seasonally that could 
explain seasonal changes in mood. 

Figure 8 : The definition of SAD. 



# LA - initiation of locomotor activity 

# Incentive - reward motivation. 

It seems that BFS activity - and thus behavioral engagement - is associated 

with a positive mood. This leads to an organism obtaining rewards. 
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The BFS suggests a motor affective model for the level of engagement by an 

organism with its environment - if engagement is low it would signal the 

absence of a positive mood. Dopamine has been shown to be the primary 

neurotransmitter in the initiation of LA and is also involved in the incentive 

type of reward that activates goal acquisition (45). 

SAD appears to have extreme states of engagement with the seasonal 

changes - which raised the possibility of seasonal alternations in BFS 

functions (45). By investigating melatonin secretion in constant dim light in 

winter and summer it was noted that the duration of the nocturnal period of 

higher melatonin secretion was longer in winter than in summer in patients 

suffering from SAD. 

This difference is seen as indicative of patients with SAD having a 

biological signal that the season is changing - this signal is presumed to be 

the same as that used by mammals to adapt behavior to seasonal change. 
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Healthy volunteers did not display evidence of such a signal. The effect of 

living in a modern urban environment - not exposed to sunlight at daytime / 

exposed to artificial light at night time - on the ability of the pacemaker to 

detect the natural photoperiod has not been clarified as yet (46)(47)(43). 

The possibility that patients suffering from SAD might have deficient retinal 

photoreceptors also needs fwther investigation( 49). 

Terman suggested that it may be useful to chronotype patients/controls (i.e. 

larks vs. owls) using a scale ofmorningness and eveningness. See Figure 9 

and Figure 10 (50)(51). Serotonin is also believed to playa role in the 

etiology of SAD. Fenfluramine ( serotonin releasing and re-uptake inhibitor) 

yielded positive results in the treatment of SAD in a small preliminary study 

(52). 5- Hydroxytryptophan (5-HT) administered orally to patients/controls 

caused an significant increase in cortisollevels~ and a decrease in prolactin 

levels in both the patient and the control groups. No differences were noted 

in the melatonin level, growth hormone( GH) level, blood pressure or pulse 

rate between patient and control groups. These fmdings argue against th~ 

importance of melatonin secretion on SAD. However, the use of a more 

selective serotonergic agonist is advocated when functional serotonergic 

activity in patients with SAD is investigated, because 5-HT can also 
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,~" .~, do you fmd:t to gel up inlhe morning 
you are IlOI.wakened unexpectedly)? 

"P 

. , 
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3 qucstJolIS I ~~;; ,~~;';;: do you feel dunng the first half 
after you wake up~ 

7 

Ir~:~~:;;!~thC fir:;t halfhollr aft er you wake up ill the 
I'l! .q"~"" how do you fecI? 

, 

9 

10 

previous-

Ilf Y""'" '" ",,""""""'"'h,,"'" da)', whal 
would you go \0 bed compared 10 your tlSual 

1I<'<>m,' 

one bour tv.1CC a 
";~f;; ';'~ IS between 7-8 

JIUnd nothmg bUI your own 
how do yOlllhmk you would 

I~:~~!f'.::;":'::'~:' ,~~: .::!!~: In the evemng do yo u 
9 ,q !"~"", . and, as a result, In need of sleep? 

" to be al your 
know IS gomg 

houts. You are 
exhausttng 

plan your 
J 'clock: which 

t:::',:',~" into bed at 11 p,m., how tired would 

I I rclreshed 
r ~fresned 

1 _2 hc>ur$ I~ t .. • 

MorC·IMn 2 hours later 

In I form 
it difficult 
It very diffLcu lt 

. 12:45 a,m. 

~_m, 

Fair ly ti red 
tired 
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13 
~= 

need at an) w~k'" uD at ,.~:;' ;::,; '; ;;;,;·1';,;,:;;;,; 
'~i =::: ;::::;'~,at usual I""",. but wlillali uleeo again 
I~ up untl1l.ter than usual WhIch one of 

ore"';ous ned 

,00 
4-61om In order 

.' out a rughT \\1I1ch You -;;;;;; was over 

I ;;",~ ,;'"' no urne commItments the nao belore .ntl sleell alter 

1_"':' __ fo"" ,lay. Which one o:,r~u.;~!:ZJE~W~'~'I~d~'~'~k'~'~~='~"~'!O~b<~I:~~'~·"Cd:.-M .... '_'_'_'_' _~ r !. Wou ld sleeo the walch 
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h",d 

Considenng 
om: orm", 

would you cboose? 

preVious 

bave decIded 10 do physIcal exCTel$C A 
lhai you do this for one hour twice a 

besllune for her IS between 10·11 p.m. 
In mmd only your own Internal "clod:,· 
1 

om 

11 d,f!icult 
i\ ~"ry c:,lticult 

can choose your own 
Asswne that "011 WOB. a 

day (including breaks), 
interesting and you an: 
on your performance. AI 

I~: __ t;:;;;;::;;~~~~ Ilrne would you 
f " 

; :;:::::;:~::l;::::i I.m. ~M! Z p.m. ~ p,m.and50m 
hours sta,u<>Q b."" .. n 5 p.m. ~nd " 0 m. 

18 
appro:x.lmately what tim: of day do you usually 
your best? 

previouS 

m. 

I~::;aod "evt!11llg types' morf a mOfnong tyoe Than ~n lI!Yemng l ytle 
lone of these types do an than a ma.noog type ~;:~1~9:::l~~~~'~"~'~bo~,~,~"monuo~~'~'~~~]1~~~~~~];~~ consider yourself to be? an 

previous ~d 



OWLS 

-. MeiatOllIn onSCt lala than \0 pm 

- RemISSIOn or depressIon In spong 

- Greater sPIlIli lime pbase ad ... ance 

Cd - I n) 

- Benefit from momln!! hghllherapy 
In v.1nter 

FIgure 10 ' ~~Is vs Larks (50) 

- Meiatomn onset ~fore 5pm 

- Remls~on of depresSIOn In spnnS 

- Sel~e effect ror ~ase ad ... allCe In 

spong negligible 
( d-O,22 ) 

- Benefit rrom mornIng light therapy 
In Wmla, but need treatment mucll 
earlier 



displace dopmmnc from central ncl'\ ous stores. thus incrC".bmg dopmmnc 

UCII\ lly Ihat can a~'coum for Ihe slgnllicanl drop III prolactlll lc\'ds(53). 

The area of neuroendocrine rhythms has bt:cn investigated for some time 

\\ Itb the following conclusIOns : 

:,.. ACTII amplitude and cont'lol secretion are elevated in major 
dc . .'pressive episode. 

~ the onsct ofl-IPA activatIOn is phase advanced in patients with 
hypcrcort isolacm1a. but lhal IIPA activation is equal1) phase delayed, 

:,.. that the amplitude of mela tomn rhythms IS reduced In depression is 
lII11blgUOUS. 

};> the overall neuroendocrme rhythms fundion fairly well in depressed 
patients although dlSt'Upmn ofGl-1. prolactin Wld TSII sccn:tion have 
Ix:en reported. 

};> diurnal variation Ul mood may ~ rclall"d ttl the l"flOOgl"flOUS rh} Ihm of 
cortisol. (54) 

Othl..'f hypotheses regarding the pathophysiology of SAD include the 

photoohypothcsis ( not reeCI\ 109 a sufficil"fll quota of lighllO sustam an 

cuthymic state), the ampli tude hypothesiS (endogenous clrcaduUl ampli tudes 

of ICIIlpt.'f'8ture. melatonin and heart ratc can be suppresscd or l'nhanced by 

tlmmg the exposure to hght) and a complex model 1I1\'0lvmg the eye. See 

Table 1(55 ) for a summlll) of the honnonal profiles of pa\lents su ffering 

from SAD (55) 



SUBSTANCE CHA!'"GE RELATIVE TO 
NOR\H..LS 

Pl:uma Gro"th honnon~ Delayed nocturnal peak 

Corusol Unchanged 

Prolactm Reduced 

CSF HomovanillJc acuj Unchanged 

MHPG Unchanged 

S-HlAA Unchanged 

Challenges m-CPP !nc::reased activatIOn and euphona m 
Wimer, Increased corusol and prolactin 

DST Unchanged 

CRH ACTH responr.e blunted 

Table I : HomlOnal profiles of SAD. (55) 



Rl!Ct;."fl1 rcscllrch sholled thaI clltccholamim:: depiction wilh alpha . methyl ­

para - tyrosine (AMPT) induced a relapse in plltients with SAD (in summer 

remission ). Thcsc findings raise the possibility that AMPT- induced 

depressive rdapse is a trait marker for SAD (56). 

II is not clear Ilhat Ihe innucncc ofJmiludc is on SAD, The effects ofgenchc 

lulncrnbilll). cultural and social factors and climatc scem 10 be more 

important thlln that Ofllllltudc (57). 

lllC Seasonal Pllllem Assessment Qucstionnaire (SPAQ) is widely uSt.-d to 

idi."flt ify patients with a seasonal pattern or recurrent mlljor depressive 

disorder (MDD)- Ihis instrument was initially developed as a screening loot 

It was , hoWeVtT, found that, although It IS uscfullo obtain information 

regarding recent seasonal variat ioo in MOO, it bad a low test-fCtest 

reliability (58). The SPAQ wa.<; also not able to accurately discriminatl: 

ocl\\'CCn SAD and subsyndrolllal SAD (S-SAD). The SPAQ's sensitivi ty 

was found to De 94%, specificity 73% and positive predictive value 

4So/o(59). Sec Figure II ror a brief explauatjon oflbe SPAQ. The SPAQ's 

centnli fcn turc is the six item Seasonality SOIle Index (SS I) thaI measures 

seasonal variation in mood, appeti tc, \Ieight. slcep, energy and socialising A 

good internal consistency for these six items \1 as reported (al pllll 0.82)(60). 



The following sections are covered in the SP AQ: 

1. Demographics 

2. Seasonal change in sleep, social activity, mood, weight, appetite 
And energy level 

3. Months in which 5 indicators are at best or worst 

4. Weather preference for specific types of days 

5 . Weight fluctuations over a year 

6. Number ofhoms sleep in every 24-hour period during each of the 
seasons is recorded 

7. Global rating scale (experience of severity of seasonal changes). 

Figure 11 : Seven sections of The Seasonal Pattern Assessment 
Questionnaire (58) (59) (98). 
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Research shows that patients suffering from SAD frequently attend health 

care services, and that the illness is still under diagnosed and thus under 

treated (61)(62)(63). 

3.3. Anxiety Disorders 
Seasonal panic disorder has been described and may be a variant of 

SAD (64). Diurnal variation of particular symptoms .,. phobia and 

generalized anxiety - have been noted in subgroups of patients with panic 

disorder. The possibility of ultradian rhythms relating to various subtypes of 

anxiety symptoms needs further investigation (65). 

The observation that patients with major depressive illness frequently have 

panic attacks has been extended to patients suffering from recurrent major 

depression. It is believed that up to 24% of patients with recurrent major 

depression have a state dependent panic disorder (66). 

The circadian secretion of vasopressin in the SCN was described in Chapter 

2. Although abnormalities of vasopressin, corticotrophic releasing factor and 

somatostatin have been described (66)(67)(68), a small study could not f"md 

a greater degree of seasonal variation in patients suffering from OCD. Light 

therapy also proved to be unsuccessful as treatment (69). 

The SP AQ identified individuals with generalized anxiety and marked 
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seasonal changes(59). 

3.4. Eating Disorders 
Clinical evidence suggests that that the prevalence of eating disorders can be 

expected to increase - with female vulnerability the most common 

denominator. The fact that 80010 of females were on a diet at the age of 13 

years indicates the level of dissatisfaction that adolescent girls have with 

their body image (70) (71). Arguments are that some physiological events 

sustain eating disorders, e.g. gastric emptying is delayed in anorexic patients 

and that cholecystokinin (CCK) amongst others inhibits feeding and gastric 

emptying. It is also suggested that if the stomach can entrain its emptying 

rate according to the rate of food supply that this may be controlled by 

central and peripheral processes that can be neural or chemical in nature 

(72). 

The circadian cycle was shown to influence postprandial lipid metabolism -

triacylglicerollevels were higher after a meal taken at night time than during 

the day (73). This can be a significant risk: factor for individuals with night 

eating syndrome. This syndrome consists of evening hyperphagia, insomnia 

and morning anorexia, and individuals consume 65% of their energy intake 

between 20hOO and 06hOO. This circadian pattern of behavior is 
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accompanied by altered circadian neuroendocrine findings, i.e. continuation 

of the usual nocturnal rise in melatonin, peptin and plasma cortisol levels 

(74). 

Binge eating and vomiting leads to an increase in metabolic rate - this is 

thought to be caused by the preabsorptive rebound of insulin, leading to the 

activation of the sympathetic nervous system and HP A axis , e.g. the thyroid 

axis (75). Hypothalamic dysfunction is common in individuals suffering 

from eating disorders (71). 

There is an increasing amount of research data that show an overlap between 

seasonal affective disorder and bulimia nervosa. This has led to speculation 

that a common neurophysiological mechanism exists. Central serotonin 

metabolism in normal individuals has a seasonal rhythm with low serotonin 

levels during winter and higher levels in summer. Serotonergic tracts also 

run through the ventromedial hypothalamus(involved in the control of 

satiety} (76). Further evidence for the involvement of serotonin in eating 

disorders is derived from the effectiveness of serotonergic agents, e.g. 

fluoxetine and fenfluramine in the treatment of certain eating disorders (76) 

(77). 

Preliminary studies have shown that phototherapy reduces the binge eating 



and purge episodes in bulimic patients. Further studies on the circadian 

rhythm abnormalities in patients with bulimia nervosa are indicated as the 

chronopathology of bulimia nervosa is poorly understood (78). 

3.5. Female Specific Mood Disorders 
Premenstrual Dysphoric Disorder (PMDD), pregnancy, post-partum 
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depression and menopause are female specific mood disorders in which 

disturbances in biological rhythms (chronopathology) are evident Females 

become more susceptible to mood disorders than males after the onset of 

puberty. This is the time when the neuroendocrine reproductive axis 

regulates an ever-changing reproductive hormone profile. This is believed to 

affect the timing (phase) and amplitude of biological rhythms ( by disrupting 

the interaction of various components of the circadian system) in vulnerable 

individuals (79). 

Gonadal steroids can modulate the GABA·ergic system during the menstrual 

cycle. Females suffering from PMDD have been shown to have a reduction 

in cortical GABA levels during the follicular phase. In contrast to healthy 

controls, patients with PMDD show an increase in cortical GABA levels 

from the follicular to the late.luteal phases (82). This information and the 

reported reduced sensitivity to benzodiazepines indicate that abnormalities 
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in GABA A receptor function feed back as GABA neural 

hypersensitivity to inhibitors of the GABA- ergic system(80) (81). 

Numerous studies on PMDD discussed the possibility that various 

subgroups of PMDD exist. The endocrine abnormalities that occur in 

patients suffering from PMDD have been noted. Chronobiological 

abnormalities in patients suffering from PMDD are reflected by studies on 

circadian rhythmicity, e.g. sleep/activity temperature, melatonin, prolactin, 

cortisol and TSH (79). Manipulation of the serotonergic system seems a 

promising treatment modality. PMDD has diverse clinical features that 

needs further investigation. (82)(83)(84)(85). 

The use of timed sleep deprivation in pregnant and post-partum patients 

needs further investigation and the augmenting effect of estroegen on 

antidepressant treatment in postmenopausal women can also reflect the loss 

of hormonal input into the maintenance of circadian physiology (79). 

3.6.Disruption of social rhythms 
Interpersonal relations and social demands, acting as social zeitgebers, may 

provide an important link between the neurobiological and psychosocial 

theories on the etiology of mental illness. See Figure 12 (36). The link 

between life events and depression is well established, but evidence for a 



Social support 
Coping Gender 

,*,: 

Life events 

Change in social prompts 

Change in stability of social rhythms 

Change in stability of biological rhythms 

Change in somatic symptoms 
Genetic! familial loading or 

! Biological vulnerability (+) 
Past treatment experience (-) 

Major depression = Pathological 
Entrainment of Biological rhythms 

Figure 12 : Schema fo~ social Zeitgeber theory. (86) 
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relationship between the onset of mania and the disruption of social rhythms 

is still ambiguous (87) (88). It is suspected that younger individuals have 

more event-related mania and it is speculated that life events may even bring 

manic presentations forward by as much as 20 years (89). 

3.7. Seasonal variation in Suicide 
Durkheim reported the seasonal nature of suicide as early as 1897 (90). In 

the Northern Hemisphere suicide peaks in spring/summer and has a through 

in autumn/winter. The suicide rate in Finland is amongst the highest in the 

world. The suicide rate of males in Finland has a unimodal peak in April to 

July, but females show a bimodal distribution in May and October. Elderly 

and non-violent suicides occur more often in autumn (91). 

In the Southern Hemisphere spring starts in September, summer in 

December, autumn in March and winter in June. This seasonal pattern is 

thus the reverse from that in the Northern Hemisphere. It has been shown 

that suicide rates in South Africa also peak in spring/summer, irrespective or 

gender, race or ethnicity (92). 

Alcoholism and/or substance abuse is the second leading contributing factor 

in 50% of all suicides. In comparing alcoholic patients with other diagnostic 

groups of suicide it was found that alcoholic patients showed a peak during 
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April - June. This may indicate that alcoholism may contribute to the spring 

peak in suicide (93). Recent results, however, suggest that the seasonal 

affect in England and Wales is diminishing and it is suggested that the 

seasonal variation in suicide may well disappear in the new millennium. The 

development of technology, enabling people to communicate more freely 

(cell phones, internet, telephone) is proposed to contribute to this trend (94). 

3.8. Bipolar Mood Disorder 
Although a seasonal trend in females with manic episodes was noted ( peak 

admission in England and Wales in August - September), it was not clear 

whether this was due to a seasonality of mania, or seasonality as a 

characteristic of the female sex (95). 

Several reports since then, however, have documented disturbed circadian 

rhythms and a seasonal pattern in manic-depressive patients. It was shown 

that in patients with bipolar mood disorder, melatonin secretion was 

suppressed by light of 500 lux intensity, while control patients showed no 

suppression. This suggested that individuals with bipolar mood disorder 

might be supersensitive to light, which in tum has clinical implications (96). 

There is, however, still no conclusive evidence that bipolar patients have a 

seasonal pattern regarding their manic episodes (97) (98). 
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3.9. Psychosis 
Periodicity in psychiatric disorders has been reported for many years and 

this is also true for psychotic disorders. Psychotic catatonia with episodes of 

stupor or excitement recur at predicted intervals and a subgroup of patients 

(hebephrenic) suffering from schizophrenia has been reported to exhibit 

behavioral abnormalities that oscillate in a rhythmic fashion. These 

observations suggest that if the biology of these rhythms could be 

unravelled, the rehabilitation potential of these subgroups of patients could 

be radically improved (99). Peak admission during the summer for psychotic 

patients have been reported since the nineteenth century. Subsequent reports 

indicate that only females suffering from schizophrenia have a summer peak 

of admissions( 100). 

3.10. Sleep Disorders 
Disturbances in the sleep/wake cycle is a central issue in chronobiology 

(101)(102)(103). Sleep is vital to the homeostatic control of immune, 

autonomic nervous and neuroendocrine systems (104), Evidence points 

towards the hypothalamus and the hypocretin/orexin system as playing a 

more important role in regulating consciousness than was previously 

believed. The fact that gene expression is at a higher level during 

wakefulness and that it influences RNA and protein synthesis, metabolism, 
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use of sleep deprivation (105) (106) (107) (108). 

Circadian Rhythms Sleep Disorder is one of the three Dyssomnias (i.e. 

disorders of sleep wakefulness in which patients either have difficulty 

initiating or maintaining sleep or sleep excessively) as described in the 

International Classification of Sleep Disorders. See Table 2 (109). Research 

on sleep continues to have clinical implications, e.g. development of rating 

scales such as the Columbia Jetlag Scale (see Table 3), and the review of 

current opinions and treatment strategies to name but two. It is commonly 

believed that 8 hours of sleep a night is required for good health, but a recent 

report indicate that people sleeping for 7 hours per night have the best 

survival rate. In addition, people sleeping less than 7 hours per night or for 

more than 8 hours had a significant higher mortality hazard A significant 

increased mortality was found with the use of prescription sleeping tablets. 

(110) (111). 

Mendelian circadian rhythm mutations can also occur. Individuals with 

Familial Advanced Sleep Phase Syndrome have an autosomal dominant 

circadian rhythm variant in which a missence mutation (changes a condon to 

code for a different aminoacid) in a clock component, hPER2, occurred 
(112). 



Circadian Rhythms Sleep Disorders. 

#- Time zone change (JetIag) Syndrome 

fI. Shift Work Sleep Disorder 

# Irregular Sleep/Wake Pattern 

" Delayed Sleep Phase Syndrome 

# Advanced Sleep Phase Syndrome 

:# Non - 24 - hour Sleep - wake Disorder 

'# Circadian Rhythm Sleep Disorder Not Otherwise Specified. 

Table 2 : Circadian Rhythms Sleep Disorders (109). 



COLUMBIA JET LAG SCALE 

- Today, how much have you been bothered (a) by 
Fatigue or tiring easily 
Trouble concentrating or thinking clearly 
Physical clumsiness 
Decreased daytime alertness 
Trouble with memory 
General feeling of weakness 
Light-headed, dizzy or other uncomfortable sensations in the 
head 
Lethargy or sluggish feeling 
Sleepiness during the day 

- Overall, since you last got ready for night time sleep, how much 
were you bothered by symptoms of jet lag?(a) 

- Approximate time napping during the day(b) 
- Time of sleep onset last night 
- Time of final awakening 
- Times study capsules were taken 

(a) Scale of 0-4 = not at all; 1 = a little bit; 2 = moderately; 3 = quite 
a bit; 4= extremely. 

(b) Scale of 0-4 = none; 1 = 30 minutes; 2 = 1 hour; 3 = 2 hours ; 
4 = 3+hoUTS. 

Table 3 : Columbia Jet Lag Scale (110). 
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The prefrontal cortex, which, amongst others, is involved in the maintenance 

of wakefulness, the recruitment of cortical control, mediation, completion of 

tasks, planning, discrimination and maintenance of attention, seems to 

benefit in particular from sleep, especially human slow wave sleep (113). 

A practical application of understanding circadian clues to sleep onset is 

illustrated by the fact that sleep follows thermoregulatory changes in the 

periphery . Vasodilatation in distal skin regions serves as a mechanism (via 

the onset of nocturnal melatonin secretion) to regulate sleep propensity. Cold 

feet and the inability to vasodilate may be one physiological cause of 

insomnia (ll4). 

3.11. Neurological Disorders 
It is becoming clear that the disruption of normal brain rhythms can lead to 

neurological diseases. It is hypothesized that abnormal 15 - 30Hz motor 

cortex oscillations gain access to the basal ganglia in Parkinsonism as a 

result of dopamine depletion(11s). 

Epilepsy is associated with abnormalities in the circadian rhythms of 

neuroendocrine functions. Primary generalized seizures occur mostly during 

the night. Dementia, cerebrovascular disease, movement disorders, 

neuromuscular disorders, multiple sclerosis and headaches all exhibit 

circadian rhythm components in their occurrence (116)( 117)( 118). 



CHAPTER 4 
SELECTED TREATMENT OPTIONS FOR SOME 
CHRONOPATHOWGIES 

The following is not intended to be a detailed account of any specific 

treatment, but will only serve as an overview of options that may be 

considered in the treatment of chronopathology related to psychiatric 

disorders. Further research into the application of these therapeutic options 

in the South African context is also needed. 

4.1 Non - Pharmacological 

4. 1. 1 Sleep Deprivation 
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The rapid antidepressant effect of sleep deprivation was revealed 3 decades 

ago. Due to the lack of fmancial support and the high rate of relapse patients 

experienced, interest in this form of treatment dwindled, with fmther 

research coming to a halt. Sleep deprivation was recently re-introduced as it 

is considered an important therapeutic option in the treatment of depressive 

syndromes. Efforts are being made to reduce relapse rate by concomitant 

drug therapy . The effect of multiple sleep deprivations is also under 

investigation (119) (120) (121). See Figure 13 for a proposed triodel of the 

antidepressant effect of sleep deprivation. 

4.1.2 Light therapy 
Daylight levels of illumination can change the phase of the endogenous 

circadian pacemaker. It also suppresses the production of melatonin. Bright 



SLEEP 4-~--

ONSET ... ~-

NREM ~~--

1 
REM 

2 processes 
1. S (homeostatic) .. ~-- Depression caused 
2.C (circadian) by instability of 

phase relation 
between S and C. 
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IlevelofS I Sleep deprivation 
increases level of S . 
Amplitude and phase of 
C modified by 
entrainment. 

~ level of S. Circadian 
pacemaker controls timing 
ofNREM sleep. 

Interaction of circadian 
and ultradian mechanism. 
Reciprocal interaction of 
NREM with REM. 

Figure 13: Sleep regulation and model of the effect of sleep deprivation 
in depression (119) (122). 



55 

light is thus a strong zeitgeber (123). 

Rosenthal et aI (40) and Wehr (41) published reports on the efficacy of light 

therapy in the treatment of mood disorders almost two decades ago. The 

effect of light on bulimia nervosa and mania is also under investigation (78) 

(96 ). A factor influencing research on light therapy is the difficulty of 

finding a suitable placebo for bright light (e.g. patients are able to 

distinguish between dim light and bright light) (124). 

Other adjustments to social zeitgebers can also phase adjust the 

endogenous circadian pacemaker. General clinical applications or 

recommendations, however, remain problematic as there is an increased 

sensitivity to a mismatch between the phase of the endogenous circadian 

pacemaker (ECP) and the new social cues in the case of older people (123). 

4.2. Pharmacological 
Knowledge of the sensitivity/resistance cycle of an organism to enhance the 

desirable pharmacological effect or to reduce the side effect of drugs form 

the basis of chronotherapy/chronopharmacology. The study of 

chronopharmacology can be subdivided into 

-chronophannacodynarrrics 

- chronopharmacokinetics 
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- chronopharmacotoxicology (125)( 126). 

The phenomenon that the efficacy of psychotropic drugs varies according to 

time of administration is true for mood stabilizers, benzodiazepines, anti­

psychotics, anti-depressants and psychostimulants. Evidence points towards 

the role of rhythmicity in the neurotransmitter system ( neurotransmitters, 

receptors and second messengers) (126) (127). 

The pharmacokinetics of lipophilic drugs can also be circadian-phase 

dependent. Peak drug concentration after oral dosing is usually higher after 

morning administration than with evening administration (128). Estitnated 

hepatic blood flow is also believed to have a circadian pattern. This can be 

important when the pharmacokinetics of drugs with a hepatic blood flow­

dependent clearance is interpreted (129) ( 130). 

It is clear that the modulation of the neuroendocrine system by administering 

exogenous agonistsiantagonists may prove to have significance. Melatonin 

has been investigated for its anxyolytic properties, mediating the effects of 

SSRI's in the treatment of OCD and improving sleep in jetlag and shift 

workers (131)( 132)(133). Melatonin's role in phase resetting in delayed 

sleep phase syndrome has also been investigated (134). See Figure 14 (132) 

(135) for an example of how melatonin can assist in thetreabnent of jet lag 
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Figure 14 : Example of how melatonin can assist in the treatment of jet lag 
(132) (135). 
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and Figure 15 (132) (135 ) for the complex interaction of melatonin. 

The role oflitbium in sustaining the effect of total sleep deprivation and its 

ability to slow down circadian rhythms can also be of benefit to patients 

suffering from chronopathology. The two antidepressants clorgyline 

(MAOI) and imipramine (TeA) can also slow or dissociate circadian rest­

activity rhythms ( 136) (137). 

utdess psychiatrists in South Afiica, however, have a clear understanding of 

chronobiology, the clinical skills to identify subgroups of patients suffering 

:from chronopathology and a scientific protocol for the application of 

chronopharmacalogy, it is difficult to imagine that chronopharmacology will 

stand the scrutiny of evidence based medicine. 
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CHAPTERS 
DISCUSSION AND CONCLUSIONS 

Research has shown that clinicians and the general public have very little 

knowledge of the temporal patterns in disease. There was even little 

difference in the acctrracy oflmowledge between the clinicians who claimed 

to have had exposure and knowledge of chronobiology and those who were 

unfamiliar with the concept of chronobiology. It was concluded that only 

once the concepts of chronobiology and chronotherapeutics are fully 

integrated in teaching programmes in medical schools will they be 

understood and correctly applied in clinical practice. In a survey in 1990 

in the USA only an average of 1.16 hours throughout a 4-year programme 

per medical school was devoted to sleep and sleep disorders (138) (139), 

My personal communication with various individuals who have a high 

profile in academic medicine and research in South Africa conftrmed that 

there is no expertise in chronobiology relating to psychiatry in the country. 

Since an understanding of the chronopathology of disease, not only in 

psychiatry, but in medicine in general (asthm~ myocardial infarction, peptic 

ulcers, hypertension, cancer) can lead to more cost-effective therapy and 

savings (money, person power, resources) , it is clear that the South African 
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psychiatrist can make an important contribution by promoting this important 

topic. I therefore propose a programme, which aims to achieve the 

following: 

1. The introduction of a formal teaching programme for registrars in 

psychiatry on chronobiology. It is important that the curriculum is 

relevant to psychiatry as chronobiology is an extremely complex 

topic. This dissertation may serve as a basis for developing a 

cmriculmn as the various chapters will guide the presenter and the 

student through the process of integrating the relevant neuroanatomy, 

neurophysiology, chronopathology, pharmacology and other treatment 

principles. This will provide an overview of chronobiology relevant 

to psychiatry that is, according to my knowledge, not available 

in general psychiatric textbooks. Curriculum design for medical 

students is seen as a process that can change according to values and 

expectations and exists at three levels: 

-What is planned for students? 
-What is delivered to students? 
-What the students experience? (140) 

The candidate plans to present a course on chronobiology to candidates 

preparing for the FC Psych Part II at the University of Cape Town. This 

dissertation will form the basis of the content to be presented to the 



candidates. Feedback from candidates can be used to refine the curriculum 

and adjust it to accommodate special needs and further developments. 

2.Ultimately, this knowledge of chronobiology should be 

incorporated in psychiatric assessment and treatment. Specific questioning, 

such as the following, could alert the clinician to the possibility of 

underlying chronopathology: 

- diurnal, nocturnaL weekly, monthly, seasonal, yearly variation of the 
presenting problem 

- chronotype of the individual (owl or lark) 

- medication or drugs of abuse and the time of ingestion that can influence 
biological rhythms (beta blockers, lithium, alcohol) 
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- social circumstances that lead to disrupted biological rhythms ( shift work, 
noise, small children). This is an important aspect of modern society that can 
have a tremendous detrimental impact on family life and the rearing of 
children. 

- full assessment of neurovegetative features, e.g. night eating, overeating, 
carbohydrate craving, anorexia and assessment of the sleep pattern as phase 
advanced or phase delayed. 

- fluctuation in cognitive function, e.g. deterioration of attention and 
concentration during the afternoon. 

3. Journals on chronobiology should be more accessible. None of the main 

specialist journals in chronobiology are currently available in South Africa. 

For a list of these see references 101, 123, 125, 138, 143. 
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4. Research in chronobiology should be encouraged. The epidemiology~ 

clinical features, diagnosis, chronopathology, treatment and prognosis of 

chronobiological disorders, specific to the South African populatio~ offer 

opportunities for research. Research results may then be presented at 

national and international congresses to further stimulate discussion on the 

topic. Clinicians should furthermore be encouraged to obtain membership of 

the European Pineal and Biological Rhythms Society. Please see the 

Addendum for my contribution on the topic. 

5. Health science planners should be encouraged to take an interest in the 

potential beneficial effects of light~ exercise and sufficient sleep to improve 

productivity in the work place and quality of life in general (141). 

6. Education of the general public is important to create an awareness of 

social zeitgebers that may impact on their quality of life. 

Chronobiology offers an exciting opportunity for psychiatrists to make a 

contribution to our understanding of psychopathology, to collaborate with 

colleagues in other disciplines~ to contribute to cost-effective treatment 

regimes and to reduce morbidity and mortality. This may be especially 

important in South Africa wher~ there are many demands on the health care 
budget. 



CHAPTER 6 
TERMINOWGY 

6.1 SOME TERMS AND SYMBOLS USED IN CHRONOBIOLOGY 
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Biological rhythm parameters (see Table 4) cannot be expressed by a simple 

value, but must be established by an appropriate inferential statistical 

procedure (125). Assessment over a 24-hour period can be used to estimate a 

circadian rhythm by cosinor modeling (143). For adiagrammatical 

explanation ofcosinor analysis see Figures 16 and 17 (144). 

Acrophase Maximum of the function / the crest time of the cosine curve 
best fitting the data 

Aschoff's Rule The period of the free-running oscillation (r) lengthens on 
transfer from DD to LL or with an increase in light intensity for dark-active 
animals, but shortens for light -active animals. 

Circadian rhythm An endogenous biological oscillation with a natural 
period ( r ) close to, but not necessarily equal to that of the solar day (24 
hours). 

Circadian time (Ct) Time scale, in hours or subdivisions of the circadian 
period, covering one full period of the oscillation (i.e. Ct 00 to Ct 24). 

Cireatidal, eireasyzygie, eirealunar, circaannoal rhythms Endogenous 
biological oscillations with a natural period ( r) close to the tidal cycle (12,4 
hours), the spring tide to spring tide cycle (14,7 days), the lunar cycle (29 
days), or the year, respectively. 

Entrainment In the context of this study, entrainment is the synchronization 
of a biological oscillation to a Zeitgeber so that both have the same period. 

Free-running period ( r ) The period of an endogenous oscillator revealed 
in the absence of a Zeitgeber (e.g. at constant temperature, and in continuous 
darkness DD or continuous light LL) See Figure 18. 



Measurement Troughs Peaks 

General 

Body temperature 04hOO - 08hOO I ShOO - 22hOO 
Blood pressure 02hOO - 06hOO 09hOO - I6hOO 
Pulse rate During sleep Varying 
Breathing rate 04hOO - 08hOO Varying 
Airway resistance 14hOO - 18hOO 04hOO - 06hOO 
Leucocyte count ca 12hOO ca24hOO 

Urine 

Chloride 24hOO-6hOO 12hOO - 18hOO 
Calcium 21hOO-3hOO 09hOO - 15hOO 
Potassium and Sodium 24hOO - 06hOO 12hOO - 18hOO 
Phosphate and urea 06hOO - 10hOO 19hOO-14hOO 
PH Night Day 

Hormones in blood 

Adrenaline ca02hOO 12hOO - 20hOO 
Antidiuretic honnone Varying 24hOO 04hOO 
Renin /aldosterone ca24hOO ca8hOO 
Corticotropin/cortisol ca24hOO ca 8hOO 
Parathyroid honnone 8hOO ca24hOO 
Growth honnone 04hOO - 08hOO 90 minutes after onset of 

sleeplduring exercise 
Prolactin Day During sleep/exercise 
FollitropinlLuteotropinfTestosterone Day During sleep 
Thyrotropin 10hOO - 16hOO 22hOO - 24hOO 
Melatonin A wake (light) Asleep (dark) 

Life phases 

Fetal movements Before noon Bedtime(mother) 
Onset sJXlntaneous labour ca 12hOO ca24hOO 
Death(non-traumatic) ca24hOO ca6hOO 

Table 4: Examples of circadian rhythms in humans (142). 
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Figure 16 : Cosinor analysis of data as a Chronogram (144). 
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Figure 17: Cosinor analysis of data as a polar cosinor plot (144). 



ENTRAINED 

+ 
FREE·RUNNING 

+-4---T • 

+--period T---+ 

Figure18: A biological oscillation ( sine vv:ave ) firstly entrained by an 
environmental Zeitgeber ( square wave ), and· then free-running in 
constant darkness. (145) . 

Zeitgeber (square wave). and then free.rupning in constant darkness. 
D = dark; L = light; DD = constant darkness; T= period of Zeitgeber (in this case olle 
-dawn" to the next. 24 hours) . 
• - a phase point of the Zeitgeber o .. ciUation ("dusk"). 
0- different phase points of the biological oscillation (01.02 etc). . 
• = phase~ r = period of oscillation in free-r~n measured from one phase ("1) to its next 
occurrence. Note that in this illustration T in free-run is less than 24 hours. 
r/J = phase angle, in this illustration the phase angle between dusk and 111-



Mesor Midline estimating statistics of rhythm - adjusted mean over the 
period. 
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Period The time after which a definite phase reoccurs. In biological systems 
it should be stated which overt phase is being used to determine period (e.g. 
onset of activity, median of eclosion peaks, etc.) 

Phase ( 0 ) The instantaneous state of an oscillation within a period. In a 
circadian rhythm it may be the onset of locomotor activity, the point of 
sensitivity to light, etc. 

Phase angle ('II) The phase relationship between two phases on the same or 
different oscillations, normally measured in hours or in :fractions of the 
circadian period. 

Phase response curve (PRC) A plot of phase shift (magnitude and sign) 
caused by a single perturbation (i.e. light or temperature pulses) at different 
circadian phases (circadian times ) of an oscillator in :free-nm. 

Phase shift (0 L1)A single displacement of an oscillation along the time -

axis following a perturbation. It may involve either an advance (+...::10 ) or a 

delay (-...::10). See Figures 19 and 20. 

Photoperiod The period of light in a daily cycle (day length), measured in 
hours. 

Photoperiodic counter That aspect of the photoperiodic response, which 
consists of a temperature-compensated mechanism, which accumulates 
rrinformation" from successive photoperiodic cycles. 

Photoperiodic response curve The response of a population of an organism 
to a range of stationary photoperiods (DD to LL) usually including the 
critical day length. 

Range of entrainment Range of frequencies in which a biological 
oscillation can be entrained by a Zeitgeber. For most organisms the range 
(for circadian rhythms) is 18 - 30 hours. 



~ 
phase delay -6¢ 

Figure19: A biological oscillation in free-run subjected to a perturbation 
P causing a delay phase shift. (145) 



phaseadvance+A¢ 

Figure 20: A biological oscillation in free-run subjected to a~ation 
p.~ causing an advance phase shift. (145) 
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Raster plot Horizontal 24-hour segments of locomotor activity are plotted 
consecutively beneath one another. Thus line one refers to data for day one; 
line two refers to data for day two, etc. 

Skeleton photoperiod A light regime using two shorter pulses of light to 
simulate dawn and dusk effects of a longer complete photo-period Skeleton 
photoperiods may be either symmetrical (i.e. composed of two pulses of 
equal duration) or asymmetrical. 

Thermo period A daily temperature cycle. 

Transients One or more temporarily shortened or lengthened periods 
following perturbation by a light or temperature pulse. 

Zeitgeber (time-giver) The forcing oscillation, which entrains a biological 
oscillation, the environmental cycles of light and temperature, 
tide,moonlight and season ( 125)(142)(143)(l44XI45). 



6.2. SOME COMMONLY USED ABBREVIATIONS IN 
CHRONOBIOLOGY 

L Light fraction of cycle 

D Dark fraction of cycle 

LD Light/dark cycle 

LL Continuous light 

DD Continuous darkness 

LD 12 : 12 Represents 12 hours of light and 12 hours of darkness 

t Natural period of biological oscillator 

T Period of Zeitgeber 

Q Phase point 

'V Phase angle 

-..d 0 Phase delay 

+..d 0 Phase advance 

Ct Circadian time 

Zt Zeitgeber time 

(145). 
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ADDENDUM 

1. Poster Presentation 12th National Psychiatry Congress 
September 2002 
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2. Presentation Psychopharmacology Congress September 2001 

3. Academic and case discussion UCT July 2001 





AN INVESTIGATION INTO THE ANXIOLYTIC PROPERTIES OF 
MELATONIN IN HUMANS. 

McCALLAGHAN JJ 

DEPARTMENT OF PSYCHIATRY. UNIVERSITY OF CAPETOWN 

Introduct ion 
Melatonin. an indoleamlne, Is secreted by the pineal gland at night It IS 
postulated that abnormal melatonin physiology is involved in seasonal 
affective disorder. seasonal paniC disorder. circadian rt1y1hm related 
sleep disorder and jetlag. The anxiolytlc properhes of melatonin IS 
however poorly documen:ed 

Materials and Method 
Thirty patients complammg of anxiety participated In an "N of 1" 
randomlsed double blInd . placebo controlled trial of melatol1ln as an 
anxioly1lc. 

Results 
Of the 27 pallents that completed the trial , 15 patlellts reported lower 
than baseline scores in both periods during the melalonll1 exposure. 
However. 20 patiellts showed lower scores during boll1 periods of tt1elr 
exposure to the placebo. A cross comparison of al l responses 
revealed that mere was a statistically slgnlncant reduc!lon In anxIety 
during Pairl /Period l (Melatonin). Pair2lPerlod1( Melatonln) alld 
Pair2lpenod2(P lacebo). 

Conclusion 
No conclusive evidence regarding Melatonin's anxioly1ic properties 
was established. It seems that an "N of 1" study design may not be 
suitable as it does not allow for the possible shift in Melatonin phase 
response thai may have a carry over effect on assessments in the next 
period . 

_:.-'.;.... "' 
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