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1.11 AN OVERVIEW OF THE PHYSIOLOGICAL AND PHARMACOLOGICAL 

EFFECTSS OF MELATONIN1 

Thee pineal hormone melatonin has been highlighted last years for playing its part in 

importantt physiological processes in the body. Special attention has been focussed on the 

effectss of melatonin on biological rhythms. Biological rhythms of various periodicity occur 

inn all eukaryotic organisms. The frequency displayed varies from fractions of a second to 

years.. Internally generated rhythms with a period of approximately 24-hour are called 

circadiann rhythms. The general structure of the circadian system has three components: a 

pacemakerr or biological clock, an input pathway for entrainment of the pacemaker and an 

outputt pathway for the expression of overt rhythms. 

Sincee endogenous melatonin plays an important role in the regulation of the major 

biologicall  clock, the use of exogenous melatonin to treat circadian rhythm disorders has 

becomee an important field of research. This chapter first reviews the knowledge of 

endogenouss melatonin and its physiological effects. Thereafter the chemical synthesis of 

exogenouss melatonin and the effects of administration of exogenous melatonin in 

physiologicall  and pharmacological dosages are discussed. The last part of this chapter 

reviewss an underexposed field of exogenous melatonin: the toxicity and side effects. 

11 JE Nagtegaal, GA Kerkhof, MG Smits. This chapter is in press in the book 'Treatise on pineal gland and 

melatonin',, eds Singaravel M, Haldar C, Maitra SK. , Oxford Publisher Ltd, New Delhi. 
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1.1.11 Endogenous melatonin 

Synthesiss of melatonin 

Lernerr et al have discovered and isolated melatonin from the pineal gland [1,2]. Melatonin 

iss synthesised in the pinealocyte as shown in Figure 1 [3]. As can be seen in this figure the 

neurotransmitterr serotonin plays a role in this synthesis. 

FigureFigure 1: Synthesis of melatonin in the pinealocyte 
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Melatoninn has high lipid and water solubility and gains access to various fluid, tissue, and 

cellularr compartments when released in the circulation [4]. 

Thee process of production and release of melatonin is shown in Figure 2. Its 24h 

rhythmicityy is controlled by the endogenous biological clock, which is located in the 

suprachiasmaticc nuclei of the hypothalamus [3]. Suprachiasmatic projections regulate the 

pineall  gland and innervate paraventricular cells of the hypothalamus [5,6] that project 

throughh the medial forebrain bundle to intermediolateral cell column of the spinal cord [7]. 
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Thesee nerve projections stimulate preganglionic cells that innervate the superior cervical 

ganglion.. These ganglia are of primary importance to the sympathetic innervation of the 

pineall  gland [8] and mediate all known biochemical and physiological functions of the 

pineal.. Postganglionic noradrenergic cells in the SCG project to the pineal gland via the 

inferiorr carotid nerve and the coronary nerve [8]. 

FigureFigure 2: process of endogenous melatonin production 
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Sympatheticc nerve endings in the pineal release the neurotransmitter noradrenaline (NA) 

andd thus transmit the oscillatory information from the SCN to the pineal. According to the 

entrainedd pacemaker 's program, the NA release is high at night and low during the day 

[9].. As illustrated in Figure 3, NA, released at night into the extracellular space interacts 

withh adrenergic receptors. In the rat, stimulation of beta-adrenergic receptors induces the 

increasee in cyclic AMP content [10] in NAT activity [11,12] and in melatonin synthesis 

[13].. Simultaneous activation of alpha 1 receptors potentates the beta-adrenergic-mediated 

increasee in cyclic AMP [14] and in NAT activity [15]. However, in other mammalian 

speciess the importance of various adrenergic receptors for induction of melatonin synthesis 

maybee different [16, 17]. 
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FigureFigure 3: Influence o f sympathetic nerve stimulation on melatonin synthesis in the pineal 
gland gland 
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1.1.22 Melatonin receptors 

Twoo membrane-bound melatonin-binding sites belonging to pharmacologically and 

kineticallyy distinct groups have been identified: ML1 (high-affinity [picomolar]) sites and 

ML22 (low-affinity nanomolar]) sites [18,19]. Activation of ML1 melatonin receptors, 

whichh belong to the family of guanosine triphosphate-binding proteins (G protein-coupled 

receptors)) [20], results in the inhibition of adenylate cyclase activity in target cells. These 

receptorss are probably involved in the regulation of retinal function, circadian rhythms and 

reproduction.. The ML2 receptors are coupled to the stimulation of phosphoinositide 

hydrolysis,, but their distribution has not been determined. Two forms of a high affinity 

melatoninn receptor have been designated MELla and MELlb, were cloned from several 

animals,, including humans [21,22]. The MELl a receptor is expressed in the hypophysial 

parss tubularis and the suprachiasmatic nucleus (the presumed sites of the reproductive and 

circadiann actions of melatonin, respectively). The MELlb melatonin receptor is expressed 

mainlyy in the retina and, to a lesser extent, in the brain. Autoradiography and 

radioreceptorr assays have demonstrated the presence of melatonin receptors in various 
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regionss of the human brain [23] and in the gut [24], ovaries [25], and blood vessels [26]. 

Neurall  receptors (e.g. those in the suprachiasmatic nucleus of the hypothalamus) are likely 

too regulate circadian rhythms. Non-neural melatonin receptors (such as those located in 

thee pars tubularis of the pituitary) probably regulate reproductive function, especially in 

seasonallyy breeding species and receptors located in peripheral tissues (e.g. arteries) may be 

involvedd in the regulation of cardiovascular function and body temperature [27]. 

FigureFigure 4:24 hour melatonin profile 
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1.1.33 Kinetics and metabolism of endogenous melatonin 

Inn physiological conditions, melatonin is secreted only during the night with maximum 

circulatingg levels of the hormone depending on age from between 142-205 pg/ml in young 

adultss till 76-423 pg/ml in older subjects [28,29,30]. An example of a melatonin plasma 

profilee is presented in Figure 4. The endogenous production of melatonin is lower in 
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patientss with livercirrhosis [31]. About 70% of circulating plasma melatonin is bound to 

albumin,, presenting its free diffusion across capillary membranes [32]. The primary site for 

melatoninn metabolism is within the liver and secondarily the kidney [3]. In the liver it 

undergoess 6-hydroxylation, followed by sulphate or glucuronide conjugation, in a classic 

microsomall  phase 1, phase 2 reaction sequence common to the metabolism of steroids and 

thee deactivation and detoxification of many drugs. The relative amounts of sulphate and 

glucuronidee formed probably depend on species. In humans at least 90% of a dose of 

melatoninn may be accounted for by 6-sulfatoxymelatonin in plasma and urine. 

1.1.44 Physiological regulation of melatonin in relation to age 

Foetall  regulation of melatonin 

Inn humans, a 24-h melatonin rhythm is expressed in the blood of pregnant women 

throughoutt gestation [33]. The amplitude of the rhythm and total secretion of melatonin 

appearr to be somewhat greater than those of non-pregnant women, especially in the third 

trimester.. The human foetal suprachiasmatic nucleus expresses melatonin binding sites and 

is,, since melatonin crosses the placenta [34], therefore likely to be affected by both 

maternall  and administered melatonin with consequences for the prenatal and postnatal 

expressionn and entrainment of circadian rhythms. Caution is warranted, not only 

concerningg the use of exogenous melatonin during pregnancy and lactation but also 

concerningg behaviour that might disrupt the mother's endogenous melatonin rhythm [35]. 

Melatoninn is present in human foetal blood and amniotic fluid as well as in the mother's 

milkk [36], Although a melatonin rhythm of maternal origin is likely to be present within 

thee human foetus it appears that during the first few weeks after birth the new-born is 

withoutt a systematic 24-h melatonin rhythm [37]. 

AA 24-h rhythm in maternal melatonin is one of several maternal rhythms to which foetuses 

normallyy are exposed. Although it has yet to be established whether circadian rhythms in 

functionss such as heart rate and activity expressed by human foetuses are expressions of an 

endogenous,, entrained pacemaker or are passive responses to maternal rhythms, maternal 

rhythmicityy clearly is a normal feature of the intrauterine environment. Infants born 

prematurelyy (30-35 weeks) are deprived of this maternal rhythmicity. When kept in 

neonatall  intensive care units, they may be deprived of other 24-h periodicity as well [35]. 
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Inn concert with maturation of entrainment pathways a 24-hour melatonin rhythm appears 

att around 6-8 weeks of life [37]. 

Regulationn of melatonin from childhood to adolescence 

Systemicc melatonin is high in early childhood and decreases continuously until puberty, 

especiallyy in relation to body size. In contrast to the pituitary gland that doubles in size, the 

pineall  does not appear to grow between 1 and 15 years of age. The hypothesis for the 

relationshipp between changes of melatonin concentrations and start of puberty is that high 

levelss of circulating melatonin during prepubertal development are sufficient to inhibit 

gonadotropinn secretion (for years) and that the eventual fall in melatonin below some 

criticall  amount triggers puberty [37]. 

Regulationn of melatonin in the elderly 

Ass stated before, several authors have found a striking decline in the amplitude of 

melatoninn production with age in humans. This has led to speculations that circadian 

abnormalitiess present in old age may be secondary to loss of the melatonin rhythm [28]. 

Opposedd to these reports that secretion of melatonin declines with age, Zeitzer and co-

authorss found no difference in melatonin amount of production and amplitude of the 

melatoninn rhythm in humans [38]. Calcification of the pineal has generally been 

consideredd a feature of adults but is probably initiated in early life. There is no evidence 

thatt the presence of calcification leads to degeneration of pineal cells and metabolic 

activity.. Melatonin formation is not related to the quantity of calcification [3]. 

Basedd on these conflicting results and hypotheses we suppose that circadian abnormalities 

inn the elderly are not simply due to an age-dependent melatonin deficiency. Therefore we 

recommendd assessing endogenous melatonin in individuals before melatonin replacement 

therapyy is started. 

1.1.55 Hypnotic effects of endogenous melatonin 

Thee primary physiological function of melatonin is to convey information about the daily 

cyclee of light and darkness to body physiology. By its pattern of secretion during darkness, 

melatoninn indicates the length of the night, thus representing the chemical code of the 

scotophasee [39]. 
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Thee activities of the pineal enzymes that synthesise melatonin and melatonin itself were 

shownn to be elevated at night [40,41]. The increase in melatonin levels in the evening 

correlatess with the onset of self-reported evening sleepiness [42,43] or with the increase in 

thee evening sleep propensity as reported by Tzischinsky and co-authors [44], In the study 

off  Tzischinsky et al the relationship between the time of nocturnal onset of urinary 6-

sulfatoxymelatoninn (aMT6s) secretion, and the timing of the steepest increase in nocturnal 

sleepinesss ('sleep gate'), as determined by an ultrashort sleep-wake cycle test (7 min sleep, 

133 min wake) was investigated in twenty-nine male participants. The results showed that 

thee timing of the sleep gate was significantly correlated with the onset of aMT6s secretion. 

Sincee the time courses of aMT6s and melatonin were previously shown to be closely 

relatedd to each other [45], this indicated a close temporal relation between the secretion of 

melatoninn and nocturnal sleep propensity [44]. 

Observationss in human babies revealed a correlation between the consolidation of 

nocturnall  sleep and the normal onset of rhythmic melatonin secretion, both of which occur 

whenn infants are about 3 months old [37]. The declines of melatonin secretion and sleep 

efficiencyy with age were postulated to be related phenomena. For example middle aged 

andd elderly insomniacs exhibit lower melatonin production than do good sleepers of the 

samee age [46,47]. 

Inn sighted volunteers living in society, the onset of the nocturnal melatonin secretion 

occurss approximately 2 h before habitual bedtime [44]. In blind people in whom the 

Orcadiann pacemaker is not entrained [48] and in a sighted subject with non-24-h sleep 

wakee cycle syndrome [49] a tight association between the propensity to initiate sleep and 

thee phase of melatonin secretion has been described. 

Althoughh these correlations between endogenous melatonin and sleep seem interesting, it 

givess no basis to conclude about the direct effect of endogenous melatonin on sleep. There 

iss a need for further studies using physiological doses and delivery systems that generate 

physiologicall  plasma melatonin profiles to firmly establish the role of the endogenous 

circadiann rhythm of melatonin in the circadian regulation of sleep. 

1.1.66 Effects of several agents on endogenous melatonin 

Thee circadian rhythm of melatonin is highly reproducible and generally not easily altered 

[50].. However, several drugs have been shown to increase or inhibit melatonin secretion or 
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shiftt the melatonin curve. In Table 1 and Table 2 these drugs and several hypotheses for the 

mechanismm of action on the melatonin production are summarised. 

Inn humans, beta-blockers (beta-adrenergic antagonists) that are associated with significant 

increasess in sleep disruption depress nocturnal melatonin production [51]. 

Benzodiazepines,, clonidine and dexamethasone may also suppress melatonin production 

[52,53,54,55]. . 

Parkinsonn patients under chronic levodopa/decarboxylase inhibitor substitution showed a 

phasee advance of the nocturnal melatonin peak. This phase shift seems to be caused by oral 

levodopaa administration and is more likely to be a central nervous effect than a peripheral 

onee [56]. 

Afterr administration of the serotonin re-uptake inhibitor fluvoxamine in the early evening, 

thee plasma melatonin level in the morning was significantly increased [57]. More recently 

itt appeared that citalopram, another serotonin reuptake inhibitor does not increase serum 

melatonin.. Since fluvoxamine inhibits cytochrome P450 enzymes in the liver, while 

citalopramm does not, it is hypothesised that fluvoxamine may decrease the metabolism of 

melatoninn resulting in a higher serum melatonin level [58]. 

Enhancementt of melatonin plasma concentrations after intake of desipramine was reported 

inn depressed patients but not in normal subjects [59]. Intake of ethanol between 19:00-

19:455 h inhibited the nocturnal melatonin secretion dose-dependently during the first half 

off  the night. [60]. 
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TableTable 1: Drugs resulting in lower endogenous melatonin concentration 

Drugg Hypothesis for  mechanism 

Betaa blockers Occupation of beta-receptors on the membrane of the pinealocyte, 
resultingg in less binding sites for NE (see fig 3) [51]. 

Benzodiazepiness 'Competition' for GABA [61] 
Clonidinee Binding to alpha-2-receptors in the pineal gland and the 
(alpha-2-blocker)) hypothalamus pituitary axis results in an inhibitory alpha-2-

adrenergicc influence on both the pineal gland and the 
hypothalamus-pituitaryy axis [55]. 

Dexamethasonee Inhibition by means of mechanisms within the pineal gland [62] 
Ethanoll  Inhibition on NE-stimulated melatonin synthesis (see figure 3) [60] 
Nonn Steroidal Anti Structural relationship between some NSAIDs and melatonin, less 
Inflammatoryy Drugs impulse for endogenous melatonin production [own hypothesis]. 
(NSAIDs)) Bodytemperature lowering properties of NSAIDs. Since there is 

reversee relationship between melatonin and body temperature, 
administrationn of NSAIDs may lead to less 'impulse' for 
melatoninn production [own hypothesis] 

TableTable 2: Drugs resulting in higher endogenous melatonin concentration 

Drugg Hypothesis for mechanism 

Psoralenss 1. Sensitise the retina to light thereby increasing the amplitude of 

circadiann rhythms [63] 

2.. Inhibition of the metabolism of melatonin [3] 

Chlorpromazinee Inhibition of melatonin metabolism [3] 

Fluvoxaminee Inhibition of melatonin metabolism [57,58] 

1.22 LIGHT AND DARK CONTROL OF THE MELATONIN SYNTHESIS 

1.2.11 Measurement of melatonin in body fluids 

Onee of the markers of the circadian pacemaker is melatonin. Melatonin is even known as 

onee of the most robust markers, since it is only slightly influenced by external, so called 

'maskingg effects'. The major exception is light that is known to have acute suppressive 



Chapterr 1.2 13 3 

effectss on melatonin production [3]. Activity during the night may also perturb the 

melatoninn rhythm [50]. 

Inn chapter 3.1 a convenient method to measure endogenous melatonin in plasma is 

described.. More recently radioimmunoassays for measurement of melatonin in saliva 

becamee available. Because of the greater practicability of frequent saliva sampling over 

bloodd sampling, radioimmunoassay (RIA) measurements of melatonin in saliva, were 

performed.. This is described in chapter 2.3. This method appeared to be specific enough to 

bee used as a diagnostic tool in case of suspected circadian rhythm disorders, like for 

instancee in patients diagnosed as suffering from Delayed Sleep Phase Syndrome (DSPS). 

1.2.22 Direct suppression of melatonin secretion by light 

Thee mammalian pineal rhythms in serotonin concentration, NAT activity and melatonin 

contentt change dramatically following light action at night. Light might either block the 

stimulatoryy oscillatory information in the SCN or inhibit its neural transmission to the 

pineal.. The former possibility appears more likely, as light exposure during the dark phase 

rapidlyy increases SCN glucose utilisation from low levels to high values comparable to 

thosee ordinarily observed during the light phase [64]. 

Theree are very substantial individual variations in sensitivity to the amount of light 

requiredd to suppress melatonin secretion that may be both genetically and environmentally 

determined.. Lewy et al [65] showed that if sufficient intensity of white light (2500 lux for 

twoo hours) during the night between 02:00 and 04:00 h was used human melatonin could 

bee suppressed to basal (daytime) levels. Partial suppression, however, can be effected by 

lowerr intensity light e.g. 200-300 lux applied for 30 minutes [66]. 



Chapterr 1.2 14 4 

1.2.33 Phase Response Curves 

Lightt pulses are conventionally used to investigate the control of the circadian pacemaker 

onn circadian rhythms resulting in a Phase Response Curve (PRC). Usually animals are 

maintainedd in constant darkness, thus displaying free-running rhythms in activity rest 

cycles.. 'Circadian time' is used as a descriptor in these circumstances, where the period 

(tau)) of the free running cycle is divided into 24 circadian hours each lasting tau/24 hours 

off  real time. The phase reference point for the rhythm is the daily onset of (in night active 

rodents)) nocturnal wheel running activity which is designated circadian CT12 and 

indicatess the beginning of subjective night [67]. An example of a phase response curve 

illustratingg the effect of 1 hour light pulses given at various times relative to a hamster's 

rhythmm of locomotor activity is illustrated by Figure 5. 

FigureFigure 5: Phase Response Curve for light [68] 

Circadiann time [h] 

Likee other circadian rhythms, the melatonin rhythm free-runs under conditions of constant 

darknesss with a period slightly different from 24 hour. The shape of the melatonin curve 

(seee Figure 4) is similar in blind and sighted people. Since the SCN directs the melatonin 

release,, the light-dark cycle is not necessary to either turn on or turn off melatonin 

productionn and the melatonin rhythm appears to be regulated by the light-dark cycle in a 
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wayy that can be described by a PRC. Unique to melatonin production, light also has an 

acutee suppressant effect: exposure to light during the night immediately and profoundly 

suppressess melatonin production [69]. Consequently, when using melatonin levels to mark 

circadiann phase position, not only should bright light be avoided throughout the night (to 

avoidd direct melatonin suppression) but also during dusk (to avoid that the entrainment of 

thee pacemaker that initiates melatonin production in the evening is suppressed). 

Forr the determination of melatonin PRCs, the phase reference points that have been used 

aree either the onset of the evening rise in plasma melatonin (this is called the Dim Light 

Melatoninn Onset (DLMO) and can be calculated from interpolation as the first 

interpolatedd point above 10 pg/ml that continued to rise), the calculated peak time or the 

morningg and evening onset and offset of N-acetyltransferase. The onset is preferable for 

severall  reasons. Once night-time begins, beta-adrenergic receptors in the pineal become 

subsensitive.. Furthermore, during the course of the night, melatonin precursors can 

becomee depleted. Both of these phenomena can account for decreasing melatonin levels for 

reasonss other than those related to the timing of melatonin production. Of all of the 

portionss of the melatonin curve, the onset is theoretically least affected by the development 

off  beta-adrenergic subsensitivity and melatonin precursor depletion that might develop 

duringg the night [69]. 

1.2.44 Entrainment of the melatonin rhythm with light 

Light-darkk cycles are the major environmental factor involved in the entrainment of 

circadiann rhythms in mammals. The importance of light-dark for the entrainment of 

melatoninn was demonstrated in humans where, following an inversion of the light-dark 

cycle,, the urinary melatonin rhythm adapts to the new photoperiod over a period of several 

days,, finally assuming the same phase relationship with the new light-dark cycle as was 

presentt with the old light-dark cycle [70]. Recently, Zeitzer et al demonstrated that humans 

aree highly responsive to the phase delaying effects of light during the early biological night 

[71].. In this study, both the phase-resetting response to light and the acute suppressive 

effectss of light on plasma melatonin have been shown to follow a logistic dose-response 

curve.. Striking was the observation that half of the maximal phase-delaying response 

achievedd in response to a single episode of evening bright light (approximately 9000 lux) 

cann be obtained with just over 1% of this light intensity [71]. 
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1.2.55 Endogenous melatonin and core body temperature 

Thee circadian pacemaker localised in the suprachiasmatic nucleus (SCN) generates the 

rhythmm of the core body temperature and the rhythm of synthesis of melatonin by the 

pineal.. Melatonin on its turn influences the SCN by a feedback mechanism. This 

relationshipp appears to be a mammalian modification of an evolutionarily older system. In 

lowerr vertebrates, including birds and reptiles, the pineal is a functional circadian 

oscillator.. Thus, interdependence of these two systems in the mammal may have arisen 

fromm an older relationship, when both pineal and SCN exerted clock function [72]. 

Furthermoree the regulation of melatonin and body temperature is complicated since 

melatoninn has acute hypothermic effects. The mechanisms that mediate this action still are 

unclear.. However, effects on thermoregulatory centres, heat loss, and probably heat 

productionn are likely to be involved [73]. In healthy humans, the nocturnal decline of core 

bodyy temperature is inversely related to the rise of melatonin by a second order function 

[74]. . 

1.2.66 Photoperiod and seasons 

Melatoninn secretion in relation to daylength 

Inn normal entrained conditions melatonin is produced during the dark phase. In human 

andd most other species its secretion is related to the length of the night: the longer the night 

thee longer the duration of secretion [67], From the studies of Carter and Goldman [75] and 

Karschh et al [76] it has become clear that the duration of melatonin release is the necessary 

andd sufficient condition for the induction of a given seasonal response. 

Seasonall  variations in mood and melatonin 

Thee changes in duration of nocturnal melatonin secretion, may trigger seasonal changes in 

moodd and behaviour. An example may be the Seasonal Affective Disorder. Seasonal 

Affectivee Disorder (SAD) is characterised by recurrent bouts of depression in certain 

seasons.. There is a winter and a summer variant. Recently the prevalence of Seasonal 

Affectivee Disorder (SAD) in the Netherlands was assessed by Mersch et al [77]. Three 

percentt of the more than 2500 respondents met the criteria for winter SAD, 0.1% for 
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summerr SAD. The criteria for subsyndromal SAD, a milder form of SAD were met by 

8.5%,, 0.3% of whom showed a summer pattern. 

Thee winter SAD, also called winterdepression, will be discussed here. The symptoms of 

winterr depression usually begin in November and end in March. Melatonin may play a 

rolee in winterdepression. The classic melatonin duration hypothesis of the pathogenesis of 

winterdepressionn is based on the fact that seasonal changes in photoperiod induce parallel 

changess in the duration of melatonin secretion, so that it is longer in winter and shorter in 

summer.. The changes in duration of nocturnal melatonin secretion, in turn, may trigger 

seasonall  changes in mood and behaviour. This hypothesis has been tested in a number of 

experiments,, giving inconsistent results. Supporting the hypothesis are findings that 

exposuree to light, that suppresses the melatonin production, improves winter depression 

andd that exposure of the eyes to light, and not the skin is necessary for this improvement to 

occur.. Also consistent with the hypothesis is the finding that morning treatment with the fi-

blockerr propranolol, which suppresses the terminal portion of nocturnal melatonin 

secretionn and thereby shortens its duration, is associated with improvement of winter 

depressionn [78]. Since Rosenthal et al [79] did not find such a antidepressant efficacy of the 

beta-blockerr atenolol in winterdepression Schlager hypothesised that only short acting 

beta-blockerss are useful. His explanation for this is that sufficient daytime must be allowed 

forr drug clearance to avoid further and potentially variable suppression of melatonin onset 

eachh evening [78]. In contrast to the antidepressive effects of propranolol which are in 

favourr with the melatonin hypothesis, observations that suppression of melatonin secretion 

byy light is not necessary for improvement to occur during light treatment, however, 

contradictt with the melatonin hypothesis [80, 81]. 

Anotherr possible explanation for winter depression is the phase shift hypothesis [82]. 

Accordingg to this hypothesis patients become depressed in the winter at least in part 

becausee of a circadian delay. Lewy et al [82] have established that bright light scheduled in 

thee morning (which provides a corrective phase advance) is the treatment of choice for this 

disorder.. Other studies have resulted in different as well as comparable findings. Some 

groupss found morning and evening light therapy improving depressive symptoms in 

patientss with SAD independent of their circadian phase or sleep timing, which argues 



Chapterr 1.2 18 8 

againstt a Orcadian phase delay hypothesis of the pathophysiology of SAD or the necessity 

off  a phase advance by morning light for clinical efficacy [83,84], while others found bright 

lightt in the morning was most effective in treatment of winter depression [85,86]. 

Therefore,, it is still not fully clear whether the antidepressant effect of bright light is caused 

byy phase advancing properties or by another mechanism of action [87]. Recently, Terman 

ett al have investigated a possible mechanism of action for the antidepressant response to 

light-phasee advances of the circadian clock measuring the onset of melatonin secretion 

beforee and after light treatment in the morning or evening [88]. They found that the 

antidepressantt effect of light is potentated by early morning administration in circadian 

time,, optimally about 8.5 hours after melatonin onset or 2.5 hours after the sleep midpoint. 

Ann alternative hypothesis for winter depression relates to the fact that carbohydrate 

craving,, an early and common feature of winter depression, is linked to decreased 

serotoninn levels. Since serotonin is a precursor of melatonin, increased usage of serotonin 

forr the synthesis of melatonin may decrease the storage of serotonin and result in lower 

basall  levels of this neurotransmitter during the winter period [89]. This might lead to a 

depressivee mood. 

1.2.77 Blindness and melatonin 

Severall  blind people have abnormal circadian rhythms. In totally blind people, the most 

commonlyy observed disruptive circadian pattern is a free running rhythm with a stable 

non-24-hh circadian period (24.2-24.5h) [90-93]. Some blind people, however, are normally 

entrained.. For those individuals, time cues other than light will maintain synchronisation 

albeitt with the weak coupling evident from a delayed phase. Another possibility is that 

somee of those visually blind people have intact retinohypothalamic photic pathways and 

thereforee they still have hypothalamic light perception for the entrainment of circadian 

rhythmss [94,95]. Skene et al have shown that subjects with no conscious light perception 

havee a higher occurrence and more sleep disorders than those with some degree of light 

perception.. A detailed study of 49 blind individuals showed that those with no conscious 

lightlight perception are likely to have free running circadian rhythms (6-sulfatoxymelatonin, 

Cortisol)) including the sleep/wake rhythm [96]. 
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1.33 EFFECTS OF EXOGENOUS MELATONIN 

1.3.11 Ratio for administration of exogenous melatonin 

Theree are several Circadian Rhythm Sleep Disorders (CRSD) where rhythm abnormalities 

aree associated with lack of well being and/or poor performance. These CRSD are: shift 

work,, jet lag, delayed and advanced sleep phase syndrome, irregular sleep-wake pattern 

andd non-24-hour sleep-wake disorder [97]. 

Suitablyy timed bright light is effective at hastening adaptation to phase shift [98]. However, 

thee use of bright light in some circumstances may be undesirable; in the case of the blind 

withh neither conscious nor hypothalamic light perception, it is clearly inappropriate. The 

obviouss solution to circadian desynchrony problems of this sort is a chronobiotic, a drug 

thatt shifts all circadian rhythms in the desired direction and acts as a zeitgeber to maintain 

stablee phase once the latter is obtained. Presumably exogenous melatonin can fulfi l this 

role. . 

1.3.22 Kinetics of exogenous melatonin 

Melatoninn can be obtained from pineal glands from bovines and is found in small amounts 

inn several plants [99]. Melatonin can also be synthesised starting with various agents, e.g. 

5-hydroxytryptamides,, 5-methoxytryptamines or 5-methoxyindoles [100]. Since no 

monographh was available in the most widely used pharmacopoeias, a product monograph 

wass developed and is described in chapter 2.1 of this thesis. Depending on the route of 

synthesiss impurities with organic agents, arsenic and heavy metals can be expected. Before 

usee of melatonin for pharmaceutical properties limits of these impurities must be tested by 

thee standards of the European Pharmacopoeia. Tablets, capsules, preparations with slow 

release,, a mixture, a nasal spray and intravenous fluids are described in literature [101-

107].. Analysis of the chemical substance melatonin is described in the Merck Index [108], 

Theree are great interindividual differences in the pharmacokinetics of melatonin. The 

clearancee of melatonin administered intravenously is biphasic [3] with a mean of 631 

ml/minn in healthy people [28] and a mean of only 127 ml/min in patients with 

livercirrhosiss [31]. The half-life times are short: 3 en 45 minutes respectively [3]. The 

bioavailabilityy for oral formulations differs strongly in the different studies: from 3-6% 

[109,110,111]]  to higher values of 23-76% [28]. Following oral administration of 80 mg of 
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melatoninn in gelatine capsules the absorption half-life has been reported as 0.4h, the 

eliminationn half-life has been reported as 0.8 h, and the melatonin levels range from 350-

10,0000 times those occurring physiologically [110]. Comparable results have been found by 

uss by administration of 5 mg of melatonin 5 hours before DLMO in DSPS patients. An 

examplee of one of the DSPS patients without and with treatment of 5 mg melatonin is 

shownn in figure 6. 

FigureFigure 6: Kinetics o f melatonin 
TheThe endogenous melatonin in plasma of a DSPS patient, before treatment 
withwith exogenous melatonin. 
TheThe sum of endogenous and exogenous melatonin in plasma after 
administrationadministration of a capsule of 5 mg melatonin at 22:00 h in the same 
patient. patient. 
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Zaidann et al [112] administered melatonin in a physiological dose intravenously for 3 

hours.. There was a remarkable similarity to the original melatonin profile, particularly 

givenn the differences in dosing regimens and the difficulties encountered when trying to 

discernn the endogenous melatonin profile from exogenous melatonin levels. Another 

interestingg result of this study was that at least one dose regimen affected the area under the 

curvee (AUC) of the posttreatment endogenous melatonin profile. 
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Whenn suitably timed most studies indicate that fast release preparations are able to hasten 

adaptationn to phase shift [113]. Sustained release formulations, or multiple dosing 

regimens,, may optimise phase shifting while minimising the total dose. These may be 

particularlyy useful when minimising direct soporific 'side effect' of melatonin that appears 

too be related to the maximum concentration [87]. 

Inn a similar vein Dijk et al suggest, that for several indications it seems reasonable to 

developp delivery systems that can maintain high melatonin levels throughout the sleep 

episodee or even preferentially deliver melatonin in the second half of the sleep episode 

[114].. We prefer the approach of a study of Bénès et al [115]. These authors have studied 

whichh way of administration mimicked endogenous melatonin release most 

physiologically.. In 12 healthy young male volunteers an oral controlled-release capsule, an 

orall  transmucosal form and a transdermal patch were tested. The melatonin concentrations 

reachedd by the transdermal patch and the controlled release capsule differed much between 

thee various subjects. The oral transmucosal form was able to mimic the physiological 

plasmaa profiles of both melatonin and its metabolite, 6-sulfatoxymelatonin in all subjects. 

1.3.33 Effects of exogenous melatonin on core body temperature 

FigureFigure 7: Coherence between melatonin, body temperature and sleep initiation 
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melatonin n 

Initiationn of sleep 

A A 
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Underr the entrained conditions of normal daily life, major nocturnal sleep is typically 

initiatedd 5-6 hours before the temperature minimum and is terminated shortly after the 
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minimum.. Campbell et al showed that the process of sleep initiation is most likely to occur 

whenn body temperature is declining at its maximum rate and it is most successfully 

accomplishedd at this phase of the temperature cycle [116]. In Figure 7 the coherence 

betweenn endogenous melatonin increase, body temperature decrease and sleep initiation is 

illustrated.. To clarify whether the melatonin rise and the core body temperature decline are 

nott only temporally but also causally related, manipulations of nocturnal melatonin levels 

havee been used. Both complete suppression of nocturnal melatonin levels by 

administrationn of the fi-blocker atenololl  [51] and increase of melatonin to pharmacological 

valuess by its exogenous administration at night do not immediately modify the phase of 

thee core body temperature nadir [117]. 

Inn one study [103] administration of doses below 1 mg (0.3 or 0.1 mg) melatonin, which 

aree claimed to reproduce physiological plasma levels of melatonin, failed to reduce core 

bodyy temperature. On the basis of this finding, it could be suggested that only levels of 

melatoninn in the pharmacological range, but not in the physiological range, exert an effect 

onn core body temperature. However, reproduction of physiological levels of melatonin in 

bloodd may be useful to study the peripheral versus the central effects of the hormone. 

Indeed,, pharmacokinetic studies including primates [118] have suggested that within the 

ventricularr cerebrospinal fluid, levels of melatonin similar to those observed during the 

endogenouss production of the hormone, may be obtained only by increasing its peripheral 

levelss to the pharmacological range. Cerebrospinal fluid is believed to represent the 

preferentiall  route for melatonin to reach the hypothalamus. Therefore administration of 

loww melatonin doses that maintain physiological levels of the hormone in peripheral 

plasmaa for a limited period of time, actually might be insufficient and inadequate to induce 

itss possible central action on thermoregulation. 

Itt is reasonable to assume that following the administration of melatonin, a certain time is 

requiredd for the body to reduce its heat content. Indeed the maximal effect on core body 

temperaturee reduction becomes fully manifested at approximately 4 h after oral 

administrationn of pharmacological doses (2.5 mg) of the hormone. At this time, the values 

off  core body temperature are about 0.3 degrees Celsius lower with melatonin than those 

followingg the administration of placebo, and this difference is maintained for the entire 

periodd throughout which plasma melatonin levels remain elevated [74]. 
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Neurotransmitterss can modify core body temperature regulation. Among these, serotonin 

iss believed to decrease and prostaglandins to increase core body temperature [3]. 

Experimentall  evidence obtained in animals indicates that in the brain, administration of 

melatoninn increases serotonin levels and serotonergic neurotransmission and is a potent 

inhibitorr of prostaglandin synthesis [118,119]. This will result in lowering of the body 

temperature. . 

1.3.44 Effects of exogenous melatonin on circadian rhythms 

Phasee shift of the endogenous melatonin rhythm by exogenous melatonin 

Lewyy et al [120] found a relationship between the time of melatonin administration 

relativee to the pre-treatment rise of endogenous melatonin and the resulting phase advance 

off  the melatonin rhythm. This PRC is nearly the opposite in phase with the PRCs for light 

exposure:: melatonin delays circadian rhythms when administered in the morning and 

advancess them when administered in the afternoon or early evening. Figure 8 illustrates 

thee relationship between the timing of exogenous melatonin administration and the 

measuredd phase shifts of the endogenous melatonin rhythm. 
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FigureFigure 8: Phase shifts of the Dim Light Melatonin Onset (DLMO) as a function of 
circadiancircadian time for 9 subjects (a total of 30 trials), providing the first evidence for 
aa human melatonin phase response curve. CT of administration was calculated 
usingusing the time of the first capsule (free interpretation after Lewyetal [120]) 
ResultsResults of administration of exogenous melatonin at various times with respect 
toto the time of endogenous melatonin production (CT 14 - baseline DLMO for 
eacheach trial) [120]. 
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Deaconn and Arendt [121] described a log-linear relationship between the dose of melatonin 

andd the magnitude of phase shifts in the DLMO for doses of 0.05 mg, 0.5 mg and 5 mg. 

Melatoninn treatment also induced acute, dose-dependent temperature suppression and 

decrementss in alertness and performance efficiency. Earlier sleep onset, offset and better 

sleepp quality were associated with increasing doses of melatonin. The day after melatonin 

administrationn in the afternoon, a significant dose-dependent phase advance in the plasma 

melatoninn onset time and temperature nadir was observed with a trend for the alertness 

rhythmm to phase advance. 

Czeislerr [122] is concerned that some of the reported 'phase shifts' in the melatonin profile 

mayy reflect a change in the shape of the endogenous melatonin profile due to endocrine 

feedbackk effects from the melatonin administration [87]. This consideration is in agreement 

withh our suggestions based on the results of administration of melatonin 5 hours before the 
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individuall  increase of endogenous melatonin in DSPS patients as described in chapter 3.1 

off  this thesis. The onset of the endogenous melatonin curve could be advanced by about 

1.55 hour, while no significant phase advance was observed for offset of the melatonin curve 

[123].. This advancement of the rising slope while the falling slope did not advance was also 

reportedd by Deacon et al [124]. Similar changes of the shape of the curve have been found 

beforee and have led to the hypothesis of the two-oscillator model with an oscillator for the 

onsett ('evening*  oscillator) and for the offset of melatonin ('morning' oscillator) [125,126]. 

Cagnaccii  and colleagues [127] recently published additional experimental evidence that 

supportss the hypothesis that evening onset and morning offset of the human melatonin 

secretionn are regulated by separate circadian processes. They also provide evidence that 

suggestss that these processes exhibit opposite phase responses to the administration of 

melatonin.. They found that morning treatment with melatonin counteracted the phase-

advancingg effect of morning light on the offset of secretion but potentiated its phase 

advancingg effect on onset of secretion. Thus, when morning light treatments and morning 

melatoninn treatments were combined, the intrinsic duration of melatonin secretion 

increased. . 

Inn Czeisler's view the fact that Cortisol does not phase shift together with the endogenous 

melatoninn shifts after melatonin administration, which is in contrast to the shift of both 

Cortisoll  and melatonin after bright light [47,128,129] seriously undermines the conclusion 

thatt the alterations in the endogenous melatonin profiles reported after exogenous 

melatoninn accurately represents shifts of the endogenous circadian pacemaker in humans 

[122].. However, Deacon and Arendt have shown that body temperature does shift after 

melatoninn administration. An explanation for this finding may be a change of the course of 

thee body temperature induced by a direct effect of exogenous melatonin or may be due to a 

shiftt of the circadian pacemaker [121]. 

Effectss on Delayed Sleep Phase Syndrome (DSPS) 

Thee criteria used for the definition and diagnosis of Delayed Sleep Phase Syndrome 

(DSPS)) are given by the International Classification of Sleep Disorders (ICSD) [130]. 

DSPSS is defined as a disorder in which the major sleep episode is delayed in relation to the 

desiredd clock time, and therefore results in symptoms of sleep-onset insomnia or difficulty 

inn awakening at the desired time. Individuals suffering from DSPS, despite having 
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completelyy normal sleep architecture and sleep duration, experience great difficulty falling 

asleepp before 12 am, if not later, as well as rise at acceptable hours of the morning 

[131,132].. DSPS is probably the most common of the intrinsic circadian sleep disorders, or 

att least the most commonly diagnosed. Based on an early survey, it was estimated that 

approximatelyy 7% of people diagnosed with disorders of initiating and maintaining sleep 

meett criteria for DSPS [132]. The ICSD gives several markers for diagnosing DSPS. 

Dagann and Eisenstein [133], have tried to strengthen this definition of DSPS based on data 

gatheredd from their own patients. They found that relatively many patients reported early 

childhoodd as the age of onset. Almost one fifth of the patients was previously diagnosed as 

havingg learning disorders and more than one fifth had personality disorders. Almost 50% 

off  the patients was highly sensitive to light (as opposed to about 20 % of the controls). This 

suggestss light supersensitivity could in some way be involved in th pathophysiology of 

DSPS.. More than the half of the patients had a habit of night eating, especially foods rich 

off  carbohydrates. This is expected to be related to disturbances in other circadian rhythms 

besidee the deviation of the sleep-wake cycle resulting in a shift in the times of feeling 

hungry.. Familial trait existed in almost the half of the population. We have found 

comparablee features in our patients as described in the studies reported in chapters 3.1. 4.1. 

4.2,, and 4.3 . 

Twoo methods to treat DSPS are known in literature: chronotherapy and administration of 

melatonin.. Chronotherapy is a drug-free rescheduling treatment, designed to resynchronise 

sleepp with the patient's biological clock. Since patients with DSPS have inadequate 

capacityy to achieve phase advance shifts of the circadian pacemaker, a phase delay route 

mustt be chosen [134]. The original method, as published by Czeisler et al [134], consists of 

dailyy 3-hour delays of bedtime and arising time until the patients' sleep schedule is 

realignedd with the desired social schedule. Chronotherapy however, has a great percentage 

off  failure [134]. 

Thee first study on the effects of melatonin on DSPS was published by Dahlitz and 

colleaguess [132]. The actions of melatonin on the sleep-wake cycle were investigated by 

meanss of a randomised double-blind placebo-controlled trial in 8 subjects with DSPS. 

Dahlitzz et al concluded that melatonin may act as a phase-setter for sleep-wake cycles in 

subjectss with a DSPS, with no influence on the alertness. 
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AA study of Dagan et al [136] describes routine treatment of the administration of melatonin 

5mgg administered at 22:00h for 6 weeks to 61 subjects diagnosed with DSPS. The 

efficiencyy of the melatonin treatment and its possible side effects were investigated by 

meanss of a survey questionnaire. Over 95 % of the subjects reported melatonin to reduce 

thee complaints with almost no side effects. However, more than 90 % reported a relapse to 

theirr pre-treatment sleeping patterns within 1 year of the end of treatment. In more than a 

quarterr of them the relapse occurred within 1 week. 

InIn chapter 3.1. the effects of melatonin on DSPS in a placebo-controlled setting are 

described.. The time of administration of the medication was individualised on basis of 

plasmaa curves of endogenous melatonin. Lewy and Sack [120], had shown that 

advancementt of the endogenous melatonin curve by exogenous melatonin was largest at 

CTT 9, as illustrated by figure 8. Since CT 14 is the DLMO we administered melatonin 5 

hourss before the individual DLMO. The number and seriousness of the complaints were 

decreasedd and an advance of the rising slope of the melatonin curve was found [123]. All 

publishedd studies on the effect of melatonin on DSPS were reviewed in 1999 by Campbell 

etal[137]. . 

Effectss on shift work 

Thee ICSD also includes Shift work Maladaptation Syndrome (SMS) as a subtype of 

Circadiann Rhythm Sleep Disorders [130]. The ICSD definition is: symptoms of insomnia 

orr excessive sleepiness that occur as transient phenomena in relation to work schedules. 

Complaintss during the period of night work, such as the poor quality of day sleep, may be 

reducedd by increasing the rate of adaptation of the circadian rhythm to the shifted sleep 

period.. Bright light administration during the early part of the night appears to be effective 

inn facilitating the delay of the temperature rhythm and thus can help to re-establish the 

associationn between the temperature trough and the sleep period. In a similar way, 

melatoninn administration in the morning may facilitate a phase delay [138]. 

Onlyy a few field studies concerning night work have been published [95,139,140]. Several 

nightt workers phase shift themselves, without treatment. Because of the variability in phase 

shiftingg it may be necessary to focus on subjects who do not shift, or only partially shift to 

observee a response to melatonin administration. In a placebo controlled laboratory study 

wheree shift work situation was simulated Dawson et al [138], compared adaptation to 
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nightt shift in three groups of subjects. The first treatment group received timed exposure to 

brightt light, the second treatment group received 2 mg of exogenous melatonin and the 

placeboo group received either dim red light at less than 50 lux or a placebo capsule. Using 

thee DLMO as a circadian marker, the bright-light group had the largest shift (an average 

delayy of 8.8 h), whereas there was no significant difference in phase shift between the 

placeboo and the melatonin groups (a delay of 4.2 h and 4.7 h respectively). The failure of 

melatoninn treatment to induce greater phase shifts than placebo might be related to the 

dividedd dose regimen (4 mg in three divided doses across the day sleep period) that fell on 

bothh the advance and delay portion of the melatonin response curve [120]. 

Sackk et al [141] found that the timing of melatonin production was distinctly different in a 

groupp of nine permanent night-workers compared to a group of day-active controls. This 

indicatess a major adaptation of the circadian pacemaker to the atypical schedule for 

activity,, sleep and light exposure. However, there is a suggestion that adaptation remains 

incompletee (and perhaps unstable) because the timing of sleep appears to be at an earlier 

circadiann phase than is typical for day active subjects. Until now, no studies have been 

donee that conform the existence of a (relative) desynchronisation by longitudinal 

measurementss of melatonin phase together with precise measurements of sleep. 

Fivee years later than the study of Sack et al as mentioned above [141], Sack and Lewy [95] 

performedd a randomised placebo-controlled double blind cross-over study in 24 subjects, 

withh objective sleep data and with a rotating schedule. The subjects had taken melatonin 

0.55 mg or placebo during two weeks. The authors found an impressive variability in the 

magnitudee and direction of phase shifting. Also other authors found variable responses in 

sleepp shifting effects under consistent work schedules [142,143]. 

Itt can be expected that an acceleration of the adaptation to night work will cause a 

worseningg of the problems of re-adaptation following night work, and thus a worsening of 

thee chronic sleep disturbance and waking fatigue. These symptoms may occur most 

severelyy at the transitions from the day shift to the night shift, and vice versa. 

Becausee the SMS symptoms mainly present themselves as after-effects, i.e. in the period 

followingg shift work, our study, described in chapter 3.2 focused upon the days directly 

afterr a period of night work. The goal of this study was to assess if melatonin administered 

inn the early evening during the days after a period of night work may act as a 

countermeasure,, by facilitating the recovery from the effects of night work. Effects on 
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sleepp related parameters were measured during the two periods of administration of study 

medication,, while body temperature and daily performance were measured directly after 

thee two periods of administration of study medication. 

Jett lag 

Accordingg to the definition of the ICSD, jet lag syndrome consists of varying degrees of 

difficultiess in initiating or maintaining sleep, excessive sleepiness, decrements in subjective 

daytimee alertness and performance, and somatic symptoms (largely related to 

gastrointestinall  function) following rapid travel across multiple time zones [130] 

Melatoninn is thought to accelerate re-entrainment and therefore reduce jet lag. Several 

studiess confirmed this [reviewed in 104][144]. The first published placebo-controlled study 

onn the effects of melatonin on jet lag with improvement of subjective and objective 

parameterss is a study of Arendt et al [145]. In this study melatonin 5 mg or placebo were 

takenn at 18:00h, three days before the flight over 8 timezones from London to San 

Francisco,, and the administration was continued after arrival during 4 evenings at 23:00h 

locall  time. 

Otherr studies with positive results of melatonin administration for treatment of jet lag are 

describedd by Petrie et al [146] and Claustrat et al [147]. Petrie and co-authors performed a 

studyy with a comparable treatment scheme and found that melatonin could alleviate jet lag 

andd tiredness after long haul flights [146]. Claustrat et al described a simplified treatment 

protocol,, where no melatonin had to be taken before the departure. From this study, where 

subjectss took melatonin or placebo on the flight from North America to France, melatonin 

showedd significant efficacy on global treatment efficacy, morning fatigue and evening 

sleepinesss [147]. 

Improvementt of jet lag was also found in a placebo-controlled study with fifty-two 

employeess of an airline company, flying from Auckland to Los Angeles and then to 

London.. However in this study the subjects complained about sleepiness during the use of 

melatoninn before the departure [148]. 

InIn a study of Spitzer et al, however, no effect of melatonin was found [149]. In this large 

studyy 249 people were included, divided over 4 treatment groups with different dosages 

andd different times of intake. People travelled from Oslo to New York, and returned after 4 

dayss to Oslo. At the return they were treated. No differences were found between the 
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variouss groups. The comments upon this study design are that the baseline of the biological 

clocksclocks of the participants at the start was not known and 4 days for synchronising is 

relativelyy short [150]. 

Despitee these studies, the mechanism of action of melatonin is not clear. It is still a matter 

off  debate if it works by acceleration of the adaptation of the circadian clock or indirectly by 

itss soporific properties [151]. 

Effectss on circadian rhythms in blind people 

Melatoninn has been administered to blind people in an attempt to strengthen the 

entrainmentt of circadian rhythms. There have been a few reports of satisfactory 

entrainmentt in blind people by melatonin [152], but these were not proven conclusively 

[153-155]. [153-155]. 

Althoughh there is clear evidence of phase shifting, entrainment of totally blind with free 

runningg rhythms is not easily achieved. Particularly in subjects whose free-running periods 

aree quite long (e.g. >24.5h) melatonin may not be sufficiently potent to achieve the 

necessaryy phase shifts. Thereby some people will not entrain since they lack a phase 

shiftingg response to melatonin for unknown reasons [95]. Sack et al [156] have recently 

hypothesisedd that melatonin may promote sleep by counteracting the daytime alerting 

processs generated by the circadian system. This model postulates that both the phase-

shiftingg and sleep-promoting effects of melatonin are mediated by receptors in the 

suprachiasmaticc nuclei [157]. Normally, the circadian alerting signal opposes the 

expressionn of sleep drive that accumulates during the day. This build-up in sleep drive is 

proportionall  to the duration of prior wakefulness. At night (in normally entrained 

individuals)) the circadian alerting signal wanes and the accumulated sleep drive is 

expressedd until it is dissipated and the circadian pacemaker begins to generate an alerting 

signall  the following morning [158]. However, in blind free runners, when rhythms are 

desynchronised,, during certain periods the alerting process occurs during the night and 

sleepp is disrupted. In this sense melatonin may not produce sleepiness; rather it permits or 

releasess sleep propensity that otherwise would be opposed by the circadian system. From 

systematicc melatonin trials in blind free runners it may be possible to estimate the relative 

impactt on sleep of phase-shifting versus a direct hypnotic action of melatonin. If melatonin 

workss mainly by circadian mechanisms, then it may be important for blind patients to take 
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itt at the same time of the day, every day, so that it can function as a consistent circadian 

timee cue (zeitgeber). On the other hand, if melatonin works mainly by counteracting the 

circadiann alerting signal, then it need only be taken on the days that the patients are 

symptomatic.. In this case the timing of administration is of less importance. Obviously, 

bothh mechanisms could underlie its therapeutic effects [95]. 

1.3.55 Hypnotic effects of exogenous melatonin 

Zhdanovaa and Wurtman have reviewed the numerous published studies on the acute 

effectss of melatonin on human sleepiness and sleep [30]. Except a few negative or 

inconclusivee results, the majority of these studies have shown that a substantial increase of 

circulatingg melatonin levels was associated with sedation, fatigue, decreased alertness, 

significantlyy increased reaction time, shortening of latency to sleep, increased sleep 

efficiencyy and total sleep time, or increased sleep propensity [30]. An hypnotic effect by 

exogenouss melatonin in humans was established with oral doses of 1-6 mg [159] to 100 mg 

[160]]  or intravenously administered doses of 50 mg [161]. When melatonin doses under 1 

mgg were tested, the dose dependency was revealed [103]. All the doses tested augmented 

subjectivee sleepiness or shortened latency to sleep onset. Zhdanova compared the effects of 

0.33 mg and 1 mg melatonin and confirmed that increasing circulating melatonin levels to 

withinn the physiological range promotes polysomnographically detected sleep onset of 

afternoonn naps [162] and of overnight sleep [43] in young healthy volunteers. This effect of 

melatoninn treatment occurs independently of the time of administration [162,163]. Since 

melatoninn induced shifts in circadian rhythmicity are limited to 20-60 min per day after 

administrationn of a single dose of the hormone at a favourable time point [112,120] the 

observationn of time independence is a strong argument against interpreting the acute sleep-

promotingg effect of melatonin as a part of its phase shifting activity. On the other hand 

Mendelson,, believes [164] that there is not yet convincing body of evidence that melatonin 

improvess sleep in insomniacs with noncircadian sleep disturbances. So, in his view the 

sleepp promoting effects are strongly connected to the circadian effects. 

Laviee [165] showed that all studies that have investigated daytime administrations of 

melatoninn reported increased sleepiness even at doses that do not increase plasma levels of 

melatoninn beyond its physiological level. By contrast, night-time increase in sleepiness was 
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achievedd only after administration of high doses. Based on these findings and on the 

precisee coupling between the endogenous nocturnal increase in melatonin secretion and 

thee opening of'the sleep gate', an abrupt transition from a period of low sleep propensity to 

aa period of high sleep propensity that persists during the night period, Lavie et al suggested 

thatt melatonin participates in the regulation of the sleep-wake cycle by inhibiting the 

centrall  nervous system wakefulness generating system [165]. Clinical findings on decreased 

levelss of nocturnal melatonin in chronic insomniacs and on the efficacy of exogenous 

melatoninn in improving sleep in melatonin deficient insomniacs, are congruent with this 

hypothesiss [165]. 

Thee consensus is that the circadian drive for sleep is lowest as the circadian temperature 

reachess its crest. Constant routine studies carried out immediately on release from 

entrainmentt have demonstrated that in young subjects the body temperature crest is 

locatedd in the evening between 17-19h [166]. After this nadir in sleep propensity there is a 

suddenn and rapid increase in the ability to fall asleep [158,167]. This has been referred to as 

thee opening of the sleep gate or the dissipation of the circadian drive for wakefulness. In 

somee protocols, an increase in the ability to fall asleep has also been observed 

approximatelyy 10 to 14 h after the temperature minimum [168]. However, the magnitude 

off  the mid-afternoon increase in the ability to fall asleep is much smaller than the nocturnal 

increasee in sleep propensity. 

Melatoninn exerts some effects on the main characteristics of human sleep, that is a shorter 

latencyy to sleep onset, better sleep consolidation and tendencies of decrease in the duration 

off  stage 4 sleep and increase in the duration of stage 2 sleep. Some studies suggest that 

higherr doses of melatonin can increase REM sleep [169], especially during nocturnal sleep, 

althoughh other studies do not reveal significant changes in REM sleep [161]. Changes in 

REMM sleep often are interpreted as reflecting changes in the circadian regulation of this 

sleepp state. It should be pointed out, however, that minor shifts of the circadian pacemaker 

(l-3h)) are not associated with changes in REM sleep. The effects of melatonin on REM 

sleepp indicate either that there is a very large shift of the circadian pacemaker or that the 

effectss of melatonin on REM sleep are mediated by other mechanisms such as the lowering 

off  core body temperature. 

Dijkk et al [170] and Nave et al [171] both pointed out that the effects of melatonin are, to 

somee extent similar to the changes induced by benzodiazepine hypnotics. This may lead to 
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thee suggestion that melatonin's hypnotic effects are exerted through the same mechanism. 

Reportss that melatonin modifies GABA-ergic neural transmission also support this 

assertionn [172]. Interestingly the effects of melatonin on EEG spectra could not be blocked 

byy flumazenil, which may indicate that the effects are not mediated by GABAa 

benzodiazepinee receptor complex [173] or that a unique subtype of the GABAa -

benzodiazepinee receptor complex is involved in mediating melatonin effects [165]. 

Basedd on these data we conclude that melatonin has sleep-inducing properties indeed. 

However,, since there is a lack of long-term safety data and there is only littl e information 

onn the use of melatonin in concomitant medication, we agree with the consensus statement 

aboutt the circumstances in which melatonin can be used as sleep therapy, which was 

recentlyy published [174]. The consensus justifies the administration of melatonin for the 

combinationn of sleep-inducing and phase shifting effects, that make it potentially useful to 

shiftt the timing of sleep. The group also state that there appears to be no point in 

addressingg sleep disorders of unknown origin with melatonin treatment [174]. 

1.44 SIDE EFFECTS OF MELATONIN 

1.4.11 Toxicity 

Forr a drug which is used so widespread there is a great lack in knowledge of toxicity data 

[175]. . 

Assessmentt of melatonin and melatonin analogues using the Ames test indicates that 

melatonin,, and 2-iodomelatonin are devoid of mutagenic activity [176,177]. In rats and 

mice,, oral doses of melatonin in excess of 1000 mg/kg are needed to induce death; the 

estimatedd doses required to cause death in 50% of the animals treated (LD50 values) are 

12500 and 3200 mg/kg in mice and rats respectively [178]. 2-Iodomelatonin, which is at 

leastt 10-fold more potent than melatonin in affecting biological responses, caused death in 

aa minority of animals, even at the highest doses tested (800 mg/kg orally, 600 mg/kg by 

intraperitonealintraperitoneal injection) [177]. These doses are so far above the doses recommended for 

humann consumption as to be nearly irrelevant (maximal intake in humans is 

approximatelyy 5 mg/kg in women taking 300 mg/day). 

Severall  sources cite that 6 g melatonin has been taken with no or minimal toxicity. 

Howeverr the basis for this citation involves an observational study of 11 subjects, in which 
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onee subject took a maximum daily dose of 6.6 g for 35 days and another took 5.4 g for 34 

days.. These 2 subjects reported somnolence during the day, as did 4 other subjects taking 

lowerr doses. All patients were started at 50 mg three times a day and progressively 

increasedd to reach an individualised maximum dose. Nine of the subjects took 3 g to 4 g 

dailyy for 15 to 31 days, with a few isolated but definite episodes of cutaneous flushing, 

abdominall  cramps, diarrhoea, scotoma lucidum and headaches typical of migraine [179]. 

AA recent study on the toxicology of 10 mg melatonin during 28 days was done in 40 

volunteers.. Many laboratory parameters characteristic for several organ functions were 

screened.. Except a statistical reduction of stage 1 sleep no differences between placebo and 

melatoninn were found. [180]. 

1.4.22 Suspected drug reactions of melatonin in general 

Althoughh melatonin is a physiological substance, the patterning, timing and levels of 

melatoninn by 'therapeutic' ingestion of the hormone often bear littl e resemblance to the 

characteristicss of the endogenous melatonin rhythm [27]. Therefore serious research for 

suspectedd adverse drug reactions is necessary. In chapter 2.2 of this thesis all Suspected 

Adversee Drug Reactions (SADRs) of the first 97 treated patients are described. 

InIn subjects taking melatonin, no deaths or serious accidents have been reported until now 

[181].. However, secondary effects have been reported such as gastrointestinal disorders, 

hypotension,, headaches, fever, hyperkinesia, dizziness, haemorrhages, pigmentation, ankle 

oedema,, flushing, diplopia, hepatic pain, thrombosis, hyperglycaemia and nightmares (in a 

patientt with diabetes type 1 on insulin treatment). These secondary effects could be linked 

too pharmacological activity or pharmacodynamics and metabolism of melatonin 

[27,181,182,183]. . 

Twoo serious cases of toxicological effects after ingestion of relatively high doses of 

melatoninn are reported. Force reported a case of an elderly woman who developed an 

acutee psychotic episode after reportedly ingesting a large dose of melatonin (30 mg) in 

combinationn with her daily medication of 10 mg fluoxetine [184]. Holliman and Chyka 

[185]]  reported a case of a 66 year old man who became lethargic and disoriented after 

takingg 24 mg melatonin to aid relaxation and sleep the evening before prostate surgery. 

Thee melatonin was taken in combination with several prescription sedative drugs: 

diazepoxidee and amitriptyline [185]. 
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InIn a study with daily intake of an anticonceptive pill with 75 mg melatonin and 0.5 mg 

norethindronee three other suspected drug reactions were reported more than once: 

abnormall  bleeding, breast complaints and neurosensory problems, however, in our view 

thesee side effects might as well be due to the norethindrone [186]. 

1.4.33 Hypnotic suspected drug reactions of melatonin 

Zhdanovaa et al report disruption of the sleep pattern after repeated melatonin 

administrationn (3 mg), combined with increased motor activity that is significantly higher 

thann after a physiological dose of 0.3 mg or with placebo. Thereby the daytime alertness 

wass perceived as less than usual [182]. In some of their subjects, repeated administration of 

pharmacologicall  doses of melatonin (7 days) have been associated with reports of daytime 

fatiguee [182]. Fragmented sleep patterns caused by exogenous melatonin were reported too 

byy Middleton et al. [187] They stress the importance of giving melatonin at correct times 

andd warn against indiscriminate use of melatonin to avoid these undesirable effects. 

1.4.44 Hormonal suspected drug reactions of melatonin 

Womenn taking melatonin as a contraceptive agent, based on a substantially increase of the 

prolactinn secretion during the hours following intake of large amounts of melatonin (80 mg 

upp to 300 mg), indicated that no toxic effects were noted in the 4-month treatment period 

[188].. Alterations in hormone concentrations noted in this study are viewed as evidence of 

melatonin'ss efficacy rather than as an indication of toxicity. However, when high doses of 

melatoninn are used for other indications hyperprolactinemia may be a potential problem 

becausee it is associated with infertility in both men and women [189,190,191]. This may 

resultt in delayed timing of puberty. When taken during pregnancy and lactation melatonin 

intakee may effect the circadian status of the foetus and neonate and the future development 

off  the child's circadian system [175]. 

Consideringg the evidence for interaction of melatonin with oestrogen receptor systems, 

chronicc melatonin treatment might interfere with oestrogen action in bone, resulting in 

promotingg osteoporosis [27]. Conversely could the interference with steroid hormone 

systemss by melatonin reduce the rate of occurrence of hormone-dependent cancers of the 
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breastt and the prostate [192]. The effect of melatonin on tumours is variable for the 

differentt cancers: it has been shown in animals that tumour growth was accelerated by 

pinealectomyy and that restoration of normal melatonin levels in pinealectomized animals 

wass able to inhibit this tumour growth. These effects of melatonin probably implicate its 

immunoregulatoryy role. Activation of melatonin receptors enhances the release of T-helper 

celll  cytokines such as interferon and interleukin-2 as well as opioid cytokines. These 

mediatorss may counteract secondary immunodeficiencies, synergize with interleukin-2 in 

cancerr patients, and affect hematopoiesis [181]. 

1.4.55 Retinal suspected drug reactions of melatonin 

Brightt light induces retinal damage in rats, and this is enhanced by large doses of 

melatoninn [193]. Retinal function is, in general, an important problem in the use of 

melatonin,, given the presence of a clock in the mammalian eye together with 

physiologicallyy relevant melatonin receptors [194,195]. To date, there has been one report 

off  retinal damage in a woman who had taken sertraline, an antidepressant drug that blocks 

thee reuptake of serotonin at the neural synapse, for 4 years in combination with a high 

proteinn diet with melatonin supplementation during 2 weeks. Visual acuity and colour 

visionn improved within 2 months after melatonin and the high-protein diet were 

discontinued.. The authors' hypothesis is a melatonin/dopamine imbalance in the retina, 

manifestingg as a topic optic neuropathy [196]. 

Itt is supposed that other comparable interactions may exist and that inappropriate 

melatoninn administration or high doses of melatonin could induce form depriviation 

myopia,, intraoculair pressure glaucoma, or an increase of the phagocytosis of retinal 

pigmentt epithelium inducing age related maculopathy [197,198]. 

1.4.66 Suspected drug reactions of precursors and metabolites of melatonin 

Thee pharmacological and the pharmacodynamic effects of melatonin and/or its 

metabolitess need to be taken into account for assessment of the safety of melatonin, 

particularlyy when huge doses of melatonin have been absorbed. 

N-acetyl-5-methoxy-kynurenaminee (AMK) , one of the main metabolites of melatonin is a 

potentt inhibitor of prostaglandin synthesis and is able to inhibit diazepam binding from 

brainn synaptosomes. AMK and N-acetyl-2-formyl-5-methoxy-kynurenamines (AFMK), 
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anotherr metabolite, have been shown to inhibit sexual development in a protein-restricted 

prepubertall  rat model [199], 

Sincee L-tryptophan is one of the precursors of melatonin, it is of interest to consider its 

metabolization.. Among several metabolites, L-kynurenine has been reported to have a 

convulsingg effect and quinolinic acid to be a neurotoxin with neuroexcitatory activity at 

thee level of the N-methyl-D-aspartate receptor [200,201]. Since there is a great analogy 

betweenn serotonin (a precursor of melatonin) and melatonin, these two agents have several 

pharmacologicall  targets in common. Important are the vasoconstrictory effects at 

physiologicall  concentrations of melatonin (nanomolar) and vasodilatory effects in higher 

concentrationss (micromolar or millimolar) suggest biphasic pharmacology of melatonin 

[202,203].. Other tools which have these agents in common are: gastrointestinal effects; 

melatoninn shows a worsening of gastric ulceration induced by nonsteroid anti-

inflammatoryy drugs [181] and effects on the glucose metabolism, there are indications for 

antihyperglycemicc effects, at least in rats [204], 

1.55 FURTHER READING IN THIS THESIS 

Thiss overview of the physiological and pharmacological effects of melatonin serves as an 

introductionn for further reading. The studies described in this thesis are divided into three 

parts:: in part 2 the pharmaceutical aspects, in part 3 the chronobiological aspects and in 

partt 4 the clinical aspects of melatonin are presented. 

Inn part 2 a product monograph for melatonin, an article about the Suspected Adverse Drug 

Reactionss (S ADRs) found in our studies and a comparison of the methods and outcomes 

off  radioimmunoassays for measuring melatonin in saliva, and the radioimmunoassays for 

measuringg melatonin in plasma are described. 

Partt 3 about the chronobiological aspects of melatonin is based on two placebo-controlled 

studiess on the effect of melatonin on two different circadian rhythm sleep disorders: 

Delayedd Sleep Phase Syndrome (DSPS) and Shift Maladaptation Syndrome (SMS). 

Partt 4 about the clinical aspects of melatonin starts with a publication about the quality of 

lifee of patients with DSPS before and after treatment with melatonin, compared to a 

randomm Dutch sample and groups of patients with other chronic diseases. Chapter 4.2 

dealss with the relation between headache and DSPS and the effect of treatment with 
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melatonin.. At least an interesting case of a patient who had developed a prominent DSPS 

followingg traumatic brain injury is described. 

1.66 FUTURE STUDY ON ENDOGENOUS AND EXOGENOUS MELATONIN 

Severall  circadian rhythm disorders frequently start during early childhood (e.g. DSPS) or 

att old age. Therefore, further study on the physiological regulation of endogenous 

melatoninn in relation to age may lead to better understanding of the pathology of several 

circadiann rhythm disorders. When the physiology and the function of endogenous 

melatoninn has become more clear, this may lead to a better understanding of the optimal 

schemess of treatment with exogenous melatonin. 

Althoughh a lot of information has become available about the effects of several drugs on 

endogenouss melatonin, more research must be carried out especially on this field. The 

outcomee of this kind of studies may be used to get more insight in the mechanism of action 

off  endogenous and exogenous melatonin. 

Itt is known that there is a relationship between lowering of body-temperature, increase of 

melatoninn level and initiation of sleep, however, which parameters is the primary cause is 

stilll  unclear. 

Theree are still a lot of unanswered questions about the effects of exogenous melatonin on 

circadiann rhythms. The optimal dose and time for phase shifting the endogenous curve 

mustt be worked out further for healthy subjects, but also for patients suffering from 

differentt circadian rhythm disorders. The hypnotic effects of exogenous melatonin need to 

bee studied as well, e.g. polysomnographic studies in patients with different sleep problems, 

comparisonn of melatonin to standard hypnotics, efficacy of melatonin when taken 

chronicallyy and the effect of stopping melatonin medication [205]. Finally the still existing 

questionn must be solved if effects on the circadian pacemaker or its circadian rhythms 

automaticallyy enhances sleep quality [205]. 

Theree are no published long-term safety data on the daily use of melatonin for longer than 

66 months, except two specified cases [168]. Side effects, which can be expected, can also be 

avertedd to functions of tissues that contain detectable levels of melatonin receptors. 

Recentlyy however, it has become apparent that a low density of melatonin receptors may 

bee present in many tissues [206] in addition to site specific patterns of melatonin receptor 
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expressess in brain. Thus many tissues may contain low levels of melatonin that could be 

importantt from a physiological viewpoint. 

Literature e 

1.. Lerner AB, Case JD Takashi J, Lee TH, Mori W. Isolation of melatonin, the pineal gland factor that 

lightenss melanocytes. J Am Chem Soc 1958; 80: 2587-2591. 

2.. Lerner AB, Case JD. Melatonin. FedProc 1960; 19: 590-592. 

3.. Arendt J. Biochemistry of the pineal. In: Melatonin and the mammalian pineal gland, Arendt J, (ed). 

Chapmann and Hall, London, UK, 1 ed. 1995: 27-63. 

4.. Reiter RJ. Functional pleiotropy of the neurohormone melatonin: antioxidant protection and 

neuroendocrinee regulation. Front Neuroendocrine)!1995; 16: 383-415. 

5.. Klein DC, Smoot R, Weller JL, Higa S, Markey SP, Creed GJ, Jacobowitz DM. Lesions of the 

paraventricularr nucleus area of the hypothalamus disrupt the suprachiasmatic spinal cord circuit in the 

melatoninn rhythm generating system. Brain Res Bull 1983; 10: 647-652. 

6.. Hastings MH, Herbert J. Neurotoxic lesions of the paraventriculo-spinal projection block the nocturnal rise 

inn pineal melatonin synthesis in the Syrian hamster. Neurosci Lett 1986; 96: 1-6. 

7.. Swanson LW, Kuypers HGJM. A direct projection from the ventromedial nucleus and retrochiasmatic 

areaa of the hypothalamus to the medulla and spinal cord of the rat. Neurosci Lett 1980; 17: 307-312. 

8.. Arriens-Kappers J. The development, topographical relations and innervation of the epiphysis cerebri in 

thee albino rat. ZZellfosrch 1960; 52: 163-215. 

9.. Brownstein M, Axelrod J. Pineal gland: 24-hour rhythm in norepinephrine turnover. Science 1974; 184: 

163-165. . 

10.. Strada S, Klein DC, Weller JL, Weiss B. Norepinephrine stimulation of cyclic adenosine monophosphate 

inn cultured pineal gland. Endocrinology 1972; 90: 1470-1476. 

11.. Klein DC, Berg GR. Pineal gland: Stimulation of melatonin production by norepinephrine involves cyclic 

AM PP -mediated stimulation of N-acetyltransferase. AdvBiochem Psychopharmacol 1970; 3: 241-263. 

12.. Deguchi T, Axelrod J. Control of circadian change in serotonin N-acetyltransferase activity in the pineal 

organn by the beta-adrenergic receptor. Proc Natl Acad Sci USA 1972; 69: 2547-2550. 

13.. Axelrod J, Shein HM, Wurtman RJ. Stimulation of C14 melatonin synthesis from C14 tryptophan by 

noradrenalinee in rat pineal in organ culture. Proc Natl Acad Sci USA 1969; 62: 544-547. 

14.. Vanecek J, Sugden J, Weller JL, Klein DC. Atypical synergistic a l- and p-adrenergic regulation of 

adenosinee 3',5'-monophosphate and guanosine 3',5'-.monophosphate in rat pinealocytes. Endocrinology 

1985;116:2167-2173. . 

15.. Klein DC, Sugden D, Weller JL, Postsynaptic a-adrenergic receptors potentiate the p-adrenergic 

stimulationn of pineal serotonin N-acetyltransferase. Proc Natl Acad Sci USA 1983; 80: 599-603. 

16.. Steinlechner S, King TS, Champney TH, Spaniel-Borowski K, Reiter RJ. Comparison of the effects of B-

adrenergicc agents on pineal serotonin N-acetyltransferase activity and melatonin content in two species of 

hamsters.. JPineal Res1984; 1: 23-30. 



Chapterr 1.6 40 0 

17.. Sugden D, Namboodiri MAA , Klein DC, Pierce JE, Grady R Jr, Mefford IN. Ovine pineal a-1-

adrenoceptors:: Characterization and evidence for a functional role in the regulation of serum melatonin. 

EndocrinologyEndocrinology1985;1985; 116: 1960-1967. 

18.. Morgan PJ, Barrett P, Howell HE, Heliwell R. Melatonin receptors: localization, molecular pharmacology 

andd physiological significance. Newochem Int 1994; 24: 101-146. 

19.. Dubocovich ML. Melatonin receptors: are there multiple subtypes? Trends Pharmacol Sci 1995; 16: 50-56. 

20.. Ebisawa T, Karne S, Lerner MR, Reppert SM. Expression cloning of a high-affinity melatonin receptor 

fromm Xenopus dermal melanophores. ProcNatl Acad Sci USA 1994; 91: 6133-6137. 

21.. Reppert SM, Weaver DR, Ebisawa T. Cloning and characterization of a mammalian melatonin receptor 

thatt mediates reproductive and circadian responses. Neuron 1994; 13: 1177-1185. 

22.. Reppert SM, Godson C, Mahle CD, Weaver DR, Slaugenhaupt SA, Gusella JF. Molecular 

characterizationn of a second melatonin receptor expressed in human retina and brain: the Mel lb melatonin 

receptor.. Proc Nad Acad Sci USA 1995; 92: 8734-8738. 

23.. Stankov B, Fraschini F, Reiter RJ. Melatonin binding sites in the central nervous system. Brain Res Brain 

RevRev 1991; 16: 245-256. 

24.. Lee PPN, Pang SF. Melatonin and its receptors in the gastrointestinal tract. Biol Signals 1993; 2: 181-193. 

25.. Yie SM, Niles LP, Younglai EV. Melatonin receptors on human granulosa cell membranes. J Clin 

EndocrinolMetabEndocrinolMetab 1995; 80: 1747-1749. 

26.. Viswanathan M, Laitinen JT, Saavedra JM. Expression of melatonin receptors in arteries involved in 

thermoregulation.. Proc Natl Acad Sci USA 1990; 87: 6200-6203. 

27.. Brzezinski A. Melatonin in humans. N Engl J Med 1997; 336: 186-195. 

28.. Ighuchi H, Kato, KI , Ibayashi H. Age dependent reduction in serum melatonin concentrations in healthy 

humann subjects. J Clin Endocrinol1982; 55: 27-29. 

29.. Waldhauser F, Dietzel M. Daily and annual rhythms in human melatonin secretion: Role in puberty 

control.. Ann NY Acad Sci 1985; 453: 205-214. 

30.. Zhdanova rv, Wurtman RJ. Efficacy of melatonin as a sleep promoting agent. J Biological Rhythms 1997; 

12(6):: 644-650. 

31.. Ighuchi H, Kato, KI , Ibayashi H. Melatonin serum levels and metabolic clearance rate in patients with 

liverr cirrhosis. J Clin Endocrinol 1982; 54:1025-1027. 

32.. Shanahan TL, Czeisler CA. Light exposure induces equivalent phase shifts of the endogenous circadian 

rhythmss of circulating plasma melatonin and core body temperature in men. / Clin Endocrinol Metab 

1991;73:227-235. . 

33.. Kivela A. Serum melatonin during human pregnancy. Acta Endocrinol 1991; 124: 233-237. 

34.. Reppert SM, Shea RA, Anderson A, Klein DC Maternal-fetal transfer of melatonin in a non-human 

primate.. Pediatr Res 1979; 13: 788-791. 

35.. FC Davis. Melatonin: Role in development. J. Biol Rhythms 1997; 12: 498-508. 

36.. Illnerova H, Buresova M, and Presl J. Melatonin rhythm in human milk, ƒ Clin Endocrinol Metab 1993; 

77(3):: 838-841. 



Chapterr 1.6 41 1 

37.. Kennaway DJ, Stamp GE, Goble FC. Development of melatonin production in infants and the impact of 

prematurity.. J Clin EndocrinolMetab 1992; 75: 367-369. 

38.. Zeitzer JM, Daniels IE, Duffy JF, Klerman EB, Shanahan TL, Dijk DJ, Czeisler CA. Do plasma 

melatoninn concentrations decline with age? Am J Med 1999; 7(5): 532-436. 

39.. Monti JM, Cardinali DP. A critical assessment of the melatonin effect on sleep in humans. Biol Signals 

ReceptRecept 2000; 9: 328-339. 

40.. Wurtman RJ, Axelrod J, Phillips LS. Melatonin synthesis in the pineal gland: Control by light. Science 

1963;; 142: 1071-1073. 

41.. Lynch HJ, Wurtman RJ, Moskowitz MA, Archer MC, Ho MH. Daily rhythm in human urinary 

melatonin.. Science 1975; 187: 169-171. 

42.. Akerstedt T, Froberg JA, Friberg Y, Wetterberg L. Melatonin excretion, body temperature and subjective 

arousall  during 64 hours of sleep depriviation. Psychoneuroendocrinology 1979; 4: 219-225. 

43.. Zhdanova IV, Wurtman RJ, Morabito C, Piotrovska VR, Lynch HJ. Effects of low oral doses of 

melatonin,, given 2-4 hours before habitual bedtime, on sleep in normal young humans. Sleep 1996; 19: 

423-431. . 

44.. Tzischinsky O, Shlitner A and Lavie P. The association between the nocturnal sleep gate and nocturnal 

onsett of urinary 6-sulfatoxymelatonin. J Biol Rhythms 1993; 8: 199-209. 

45.. Bojkowski CJJ, Arendt J, Shin MC, Markey SP. Melatonin secretion in humans assessed by measuring its 

metabolite,, 6-sulfatoxymelatonin. Clin Chem 1987; 33: 1343-1348. 

46.. Haimov I, Laudon M, Zisapel N, Souroujon M, Nof D, Shlitner A, Herer P, Tzischinsky O, Lavie P. Sleep 

disorderss and melatonin rhythms in eldery people. BMJ1994; 309: 167. 

47.. Hajak G, Rodenbeck A, Staedt J, Bandelow B, Huether G, Ruther E. Nocturnal plasma melatonin levels 

inn patients suffering from chronic primary insomnia. J Pineal Res 1995; 19(3): 116-122. 

48.. Nakagawa H, Sack RL, Lewy AJ. Sleep propensity free-runs with the temperature, melatonin, and Cortisol 

rhythmss in a totally blind person. Sleep 1992; 15: 330-336. 

49.. Mc Arthur AJ, Lewy AJ, Sack RL. Non-24-hour sleep-wake syndrome in a sighted man. Circadian rhythm 

studiess and efficacy of melatonin treatment. Sleep 1996; 19: 544-553. 

50.. Reiter RJ, Richardson BA. Some perturbations that disturb the circadian melatonin rhythm. Chronobiol 

IntInt 1992; 9(4): 314-321. 

51.. Brismar K, Hylander B, Eliasson K, Rossner S, Wetterberg L. Melatonin secretion related to side effects of 

beta-blockerss from the Central Nervous System. Acta MedScand 1988; 223:525-530. 

52.. Waldhauser F, Lynch HJ, Wurtman RJ. Melatonin in human body fluids: clinical significance. In: The 

pinealpineal gland. Reiter RJ (ed). New York, Raven Press, 1984: 345-370. 

53.. Dawson D, Encel N. Melatonin and sleep in humans. J Pineal Res 1993; 15(1): 1-12. 

54.. Huether G, Poeggeler B, Adler L, Ruther E. Effects of indirectly acting 5-HT receptor agonists on 

circulatingg melatonin levels in rats. Eur J Pharmacol 1993; 238(2-3): 249-254, 



Chapterr 1.6 42 2 

55.. Munoz-Hoyos A, Fernandez-Garcia JM, Molina-Carballo A, Marias M, Escames G, Ruiz-Cosano C, 

Acuna-Castroviejoo D. Effect of clonidine on plasma ACTH, Cortisol and melatonin in children. J Pineal 

ReslWO;ReslWO; 29(1): 48-53. 

56.. Fertl E. Auff E, Doppelbauer A, Waldhauser F. Circadian secretion pattern of melatonin in de novo 

Parkinsoniann patients: evidence for phase-shifting properties of 1-dopa. J Neural Transm Park Dis Dement 

SectSect 1993; 5(3): 227-234. 

57.. Demisch K, Demisch L, Bochnik HJ, Nicklsen PH, Althoff PH, Schoffiing K, Rieth R. Melatonin and 

Cortisoll  increase after fluvoxamine. Br J Clin Pharmac 1986; 22: 620-622 (letter). 

58.. von Bahr C, Ursing C, Yasui N, Tybring G, Bertilsson L, Rojdmark S. Fluvoxamine but not citalopram 

increasee serum melatonin in healthy subjects-an indication that cytochrome P450 CYP1A2 and CYP2C19 

hydroxylatee melatonin. Eur J Clin Pharmacol'2000; 56(2): 123-127 

59.. Thompson C, Mezey G, Cora T, Franey C, English J, Arendt J, Checkley SA. The effects of desipramine 

uponn melatonin and Cortisol secretion in depressed and normal subjects. Br J Psychiatry 1985; 147, 389-

393. . 

60.. Ekman AC, Leppaluoto J, Huttunen P, Aranko K, Vakkuri O. Ethanol inhibits melatonin secretion in 

healthyy volunteers in a dose dependent randomised double blind cross-over study. J Clin Endocrinol 

MetabMetab 1993; 77: 780-783. 

61.. Monteleone P, Forziati D, Orazzo C, Maj M. Preliminary observations on the suppression of nocturnal 

plasmaa melatonin levels by short-term administration of diazepam in humans. J Pineal Res 1989; 6(3): 253-

258. . 

62.. Demisch L, Demisch K, Nickelsen T. Influence of dexamethasone on nocturnal melatonin production in 

healthyy adult subjects. / Pineal Res 1988; 5(3): 317-322. 

63.. Souetre E, De Galeani B, Gastaud P, Salvati E, Darcourt G. 5-Methoxypsoralen increases the sensitivity 

off  the retina to light in humans. Eur J Clin Pharmacol \989\ 36(1): 59-61. 

64.. Schwartz WJ, Davidson LC, Smith CB. In vivo metabolic activity of a putative circadian oscillator, the rat 

suprachiasmaticc nucleus. J Comp Neurol 1980; 189: 157-167. 

65.. Lewy AJ, Wehr TA, Goodwin FK , Newsome DA, Rosenthal NE. Light suppresses melatonin secretion 

inn humans. Science 1980; 210: 1267-1269. 

66.. Bojkowski C, Aldhous M, English J, Franey C, Poulton AL, Skene DJ, Arendt J. Suppression of nocturnal 

plasmaa melatonin and 6-sulphatoxymelatonin by bright and dim light in man. Horm Metab Res 1987; 19: 

437-430. . 

67.. Arendt J. Light-dark control of melatonin synthesis. In: Melatonin and the mammalian pineal gland, 

Arendtt J, (ed). Chapman and Hall, London, UK, 1 ed. 1995:66-109. 

68.. Illnerova H. Entrainment of mammalian circadian rhythms in melatonin production by light. Pineal 

ResearchResearch Reviews, 1988; 6:173-217. 

69.. Lewy AJ, Sack RL. The dim light melatonin onset as a marker for circadian phase position. Chronobiol 

Int,Int, 1989; 6(1): 93-102. 



Chapterr 1.6 43 3 

70.. Lynch HJ, Jimerson DC, Ozaki Y, Post RM, Bunney WE Jr, Wurtman RJ. Entrainment of rhythmic 

melatoninn secretion in man to a 12-hour phase shift in the light-dark cycle. Life Sci 1978; 23(15): 1557-

1563. . 

71.. Zeitzer JM, Dijk DJ, Kronauer R, Brown E, Czeisler C. Sensitivity of the human circadian pacemaker to 

nocturnall  light: melatonin phase resetting and suppression. JPhysiol7000; 526(3): 695-702. 

72.. Richardson G, Tate B. Hormonal and pharmacological manipulation of the circadian clock: recent 

developmentss and future strategies. Sleep 20O0; 23(3): 77-85. 

73.. Cagnacci A, Kr&uchi K, Wirz-Justice A, Volpe A. Homeostatic versus circadian effects of melatonin on 

coree body temperature in humans. J Biol Rhythms 1997; 12: 509-517. 

74.. Cagnacci A, Elliott JA, Yen SSC. Melatonin: a major regulator of the circadian rhythm of core 

temperaturee in humans. J Clin Endocrinol Metab 1992; 75: 447-452. 

75.. Carter DS, Goldman BD. Antigonadal effects of timed melatonin infusion in pinealectomized male 

Djungariann hamsters (Phodopus sungorus sungorus): duration is the critical parameter. Endocrinology 

1983;; 113(4): 1261-1267. 

76.. Karsch FJ, Bittman EL, Foster DL, Goodman RL, Legan SJ, Robinson JE. Neuroendocrine basis of 

seasonall  reproduction. Recent Prog Horm Res 1984; 40: 185-232. 

77.. Mersch PP, Middendorp HM, Bouhuys AL, Beersma DG, Van den Hoofdakker RH. The prevalence of 

seasonall  affective disorder in The Netherlands: a prospective and retrospective study on seasonal mood 

variationn in the general population. Biol Psychiatry 1999; 45(8): 1013-1022. 

78.. Schlager DS. Early morning administration of short acting beta-blockers for treatment of winterdepression. 

AmAm JPsychiatry 1994; 151: 1383-1385. 

79.. Rosenthal NE, Jacobsen FM, Sack DA, Arendt J, James SP, Parry BL, Wehr TA. Atenolol in Seasonal 

Affectivee Disorder: a test of the melatonin hypothesis. Am J Psychiatry 1988; 145(1): 52-56. 

80.. Wehr TA, Sack DA, Jacobsen F, Tamarkin L, Arendt J, Rosenthal NE. Phototherapy of seasonal affective 

disorder:: Time of day and suppression of melatonin are not critical for antidepressant effects. Arch Gen 

PsychiatrPsychiatr 1986; 43: 870-875. 

81.. Checkley SA, Franey C, Winton F, Cora T, Arendt J. A neuroendocrine study of action of phototherapy 

inn seasonal affective disorder. In: Seasonal Affective Disorder, C Thompson and T Silverstone (eds). 

Clinicall  Neuroscience, London. 1989: 223-232. 

82.. Lewy AJ, Sack RL, Miller S, Hoban TM. Antidepressant and circadian phase-shifting effects of light. 

ScienceScience 1987; 235:352-354. 

83.. Wirz-Justice A, Graw P, Krauchi K, Gisin B, Jochum A, Arend J, Fish HU, Buddeberg C, Poldinger W. 

Lightt therapy in seasonal affective disorder is independent of time of day or circadian phase. Arch Gen 

PsychiatryPsychiatry 1993;50(12):929-937. 

84.. Meesters Y, Jansen JH, Beersma DG, Bouhuys AL, van den Hoofdakker RH. Light therapy for seasonal 

affectivee disorder. The effects of timing. Br J Psychiatry 1995; 166(5):607-612. 

85.. Lewy AJ, Bauer VK, Cutle NL, Sack RL, Ahmed S, Thomas KH, Blood ML, Jackson JM. Morning vs 

eveningg light treatment of patients with winter depression. Arch Gen Psychiatry 1998; 55(10):890-896. 



Chapterr 1.6 44 4 

86.. Eastman CI, Young MA, Fogg LF, Liu L, Meaden PM. Bright light treatment for winter depression: a 

placeboo controlled trial. Arch Gen Psychiatr 1998;55(10): 883-889. 

87.. Lewy AJ, Sack RL. Exogenous melatonin's phase-shifting effects on the endogenous melatonin profile in 

sightedd humans: a brief review and critique of the literature. J Biol Rhythms 1991; 12: 588-594. 

88.. Terman JS, Terman M, Lo ES, Cooper TB. Circadian time of morning light administration and 

therapeuticc response in winter depression. Arch Gen Psychiatry 2001; 58(l):69-75. 

89.. Sandyk R, Kanofsky JD. Cocaine addiction: relationship to seasonal affective disorder. Intern J 

Neuroscience\992\Neuroscience\992\ 64: 195-201. 

90.. Lewy AJ, Newsome DA. Different types of melatonin circadian secretory rhythms in some blind subjects. 

JJ Clin EndocrinolMetab 1983; 56:1103-1107. 

91.. Arendt J, Aldhous M, Wright J. Synchronisation of a disturbed sleep-wake cycle in a blind man by 

melatoninn treatment. Lancet1988; 340: 772-773. 

92.. Okawa M, Nanami T, Wada S, Shimizu T, Hishikawa Y, Sasaki H, Nagamine H, Takahashi K. Four 

congenitallyy blind children with circadian sleep-wake rhythm disorder. Sleep 1987; 10:101-110. 

93.. Sack RL, Lewy AJ, Blood ML , Keith LD, Nakagawa H, Circadian rhythm abnormalities in totally blind 

people:: Incidence and clinical significance. J Clin Endocrinol Metab 1992; 75: 127-134, 

94.. Czeisler CA, Shanahan TL, Klerman EB, Martens H, Brotman DJ, Emans JS, Klein T, Rizzo JF, 

Suppressionn of melatonin secretion in some blind patients by exposure to bright light. N Eng J Med 1995; 

332(1):: 6-11. 

95.. Sack RL, Lewy A. Melatonin as a chronobiotic: treatment of circadian desynchrony in night workers and 

thee blind. JBiol Rhythms 1997; 12: 595-603. 

96.. Skene DJ, Lockley SW, Arendt J. Melatonin in circadian sleep disorders in the blind. Biol Signals Recept 

1999;; 8(1-2): 90-95. 

97.. Diagnostic Classification Steering Committee. Thorphy MJ. (Chairman). International classification of 

sleepsleep disorders: diagnostic and coding manual. Rochester, MN: American Sleep Disorders Association 

1990:: 117-140. 

98.. Shanahan TL, Zeitzer JM, Czeisler CA. Resetting the melatonin rhythm with light in humans. J Biol 

RhythmsRhythms 1997;12(6):556-567. 

99.. Murch SJ, Simmons CB, Saxena PK. Melatonin in feverfew and other medicinal plants. Lancet 1997; 350: 

1598-1599. . 

100.. Hugel HM. Synthesis and chemistry of melatonin and of related compounds, a review. OPPLAK 1995; 

27(1):: 1-31. 

lOl.Nagtegaall  JE, Van der Meer YG, Smits MG. Melatonine. 'Geneesmiddelen 'not for human use'. Pharm 

Weekbl\996;Weekbl\996; 131 (19): 546-549. 

102.. Aldhous M, Franey C, Wright J, Arendt J. Plasma concentrations of melatonin in man following oral 

absorptionn of different preparations. Br J J Clin Pharmac 1985; 19: 517-521, 



Chapterr 1.6 45 5 

103.. Dollins AB, Zhdanova IV, Wurtman RJ, Lynch HJ, Deng MH. Effect of inducing nocturnal serum 

melatoninn concentrations in daytime on sleep, mood, body temperature, and performance. Proc Natl Acad 

SciSci USA 1994; 91: 1824-1828. 

104.. Arendt J. Effects of melatonin: therapeutic potential and significance to human health. In: Melatonin and 

thethe mammalian pineal gland, Arendt J (ed). Chapman and Hall, London. 1995: 248-284. 

105.. Garfinkel D, Laudon M, Nof D, Zisapel N. Improvement of sleep quality in elderly people by controlled-

releasee melatonin. Lancet 1995; 346: 541-544. 

106.. Vollrath L, Semm P, Gammel G. Sleep induction by intranasal application of melatonin. In: Melatonin: 

currentcurrent status andperspectives (International symposium Bremen, West Germany, sept 28-30, 1980), Birau 

N,, Schoot W (eds). Advances in Biosciences 1981; 29: 327-329. 

107.. Strassman RJ, Peake GT, Quails CR, Lisansky EJ. A model for the study of the acute effects of melatonin 

inn man. J Clin EndocrinolMetab 1987; 65: 847. 

108.. Melatonin. In: The Merck index. An encyclopedia of chemicals, drugs and biologicals, Budavari S (red) 

11thh ed. Rayway, New Jersey: Merck and Co Inc 1989: 912. 

109.. Matthews CS, Kennaway DJ, Fellenberg AJG, Phillipou G, Cox LW, Seamark RF. Melatonin in man. 

AdvBiosciAdvBiosci mi; 29: 371. 

110.. Waldhauser F, Waldhauser M, Lieberman HR, Deng MH, Lynch HJ, Wurtman RJ. Bioavailability of oral 

melatoninn in humans. Neuroendocrinology 1984; 39: 307. 

111.. Wetterberg L. Melatonin in humans. Physiological and clinical studies. J Neural Trans 1978; 13: 289 

(Suppl). . 

112.. Zaidan R, Geoffriau M, Brun J, Taillard J, Bureau C, Chazot G, Claustrat B. Melatonin is able to 

influencee its secretion in humans: Description of a phase response curve. Neuroendocrinology 1994; 

60:105-112. . 

113.. Arendt J, Skene DJ, Middleton B, Lockley SW, Deacon S. Efficacy of melatonin treatment in jet lag, shift 

work,, and blindness. Biol Rhythms 1997; 12: 604-617. 

114.. Dijk DJ, Cajochen C. Melatonin and the circadian regulation of sleep initiation, consolidation, structure, 

andd the sleep EEG. J Biol Rhythms 1997; 12: 627-635. 

115.. Bénès L, Claustrat B, Horrière F, Geoffriau M, Konsil J, Parrot KA, DeGrande G, McQuinn RL, Ayres 

JW.. Transmucosal, oral controlled-release, and transdermal drug administration in human subjects: a 

crossoverr study with melatonin. JPharm Sci 1997; 86: 1115-1119. 

116.. Campbell SS and Broughton R. Rapid decline in body temperature before sleep: fluffing the physiological 

pillow?? Chronobiol Int 1994; 11(2): 126-131. 

117.. Cagnacci A, Soldani R, Yen SSC. The effect of light on core body temperature is mediated by melatonin in 

women.. J Clin Endocrinol Metab1993; 76: 1036-1038. 

118.. Cagnacci A. Influences of melatonin on human circadian rhythms. Chronobiol Int 1997; 14: 205-220. 

119.. Myers BL. Melatonin and temperature: hands of the same clock-Light treatment and biological rhythms. 

BullBull Soc Light Treat Biol Rhythms 1995; 7:49-55. 



Chapterr 1.6 46 6 

120.. Lewy AJ, Ahmed S, Latham Jackson JM, Sack RL. Melatonin shifts human circadian rhythms according 

too a phase-response curve. ChronobiolInt 1992; 9(5): 380-392. 

121.. Deacon S, Arendt J. Melatonin-induced temperature suppression and its acute phase-shifting effects 

correlatee in a dose-dependent manner in humans. Brain Res 1995; 688:77-85. 

122.. Czeisler CA. Commentary: evidence for melatonin as a circadian phase-shifting agent. Biol Rhythms 1997; 

12:618-623. . 

123.. Nagtegaal JE, Kerkhof GA, Smits MG, Swart ACW, van der Meer YG. Delayed sleep phase syndrome: a 

placebo-controlledd study on the effects of melatonin administered 5 hours before the individual dim light 

melatoninn onset. JSleep Res 1998; 7: 135-143. 

124.. Deacon S, English J, Arendt J. Sensitivity of the human circadian pacemaker to melatonin timed to phase 

delay:: a dose response study. Chronobiol Int 1991 \ 14: 41. 

125.. Parry BL, Berga SL, Mostofi N, Klauber MR, Resnick A. Plasma melatonin circadian rhythms during the 

menstruall  cycle and after light therapy in premenstrual dysphoric disorder and normal control subjects. / 

BiolBiol Rhythm 1997; 12(1): 47-64. 

126.. Illnerova J, Vanecek J. Two oscillator structure of the pacemaker controlling the circadian rhythm of N-

acetyltransferasee in the rat pineal gland. J Comp Physiol 1982; 145: 539-548. 

127.. Cagnacci A, Soldani R, Yen SSC. Contemporaneous melatonin administration modifies the circadian 

responsee to nocturnal bright light stimuli. Am J Physiol 1997; 272: R482-R486. 

128.. Folkard S, Arendt J, Aldhous M, Kennett H. Melatonin stabilises sleep onset time in a blind man without 

entrainmentt of Cortisol or temperature rhythms. Neurosci Lett 1990; 113: 193-198. 

129.. Klein T, Martens H, Dijk DJ, Kronauer RE, Seely EW, Czeisler CA. Chronic non 24-hour circadian 

rhythmm sleep disorder in a blind man with a regular 24 hour sleep-wake schedule. Sleep 1993; 16: 333-343. 

130.. Diagnostic Classification Steering Committee. Thorphy MJ. (Chairman). International classification of 

sleepsleep disorders: diagnostic and coding manual. Rochester, MN: American Sleep Disorders Association 

1990:: 68-69. 

131.. Weitzman ED, Czeisler CA, Coleman RM, Spielman AJ, Zimmerman JC, Dement W. Delayed Sleep 

Phasee Syndrome. Arch Gen Psychiat 1981; 38: 737-746. 

132.. Dahlitz M, Alvarez B, Vignau J, English J, Arendt J Parkes JD. Delayed sleep phase syndrome response to 

melatonin.. Lancet 1991; 337: 1121-1124. 

133.. Dagan Y, Eisenstein M. Circadian rhythm sleep disorders: toward a more precise definition and diagnosis. 

ChronobiolInt1999;ChronobiolInt1999; 16(2): 213-222. 

134.. Czeisler CA, Richardson GS, Coleman RM, Zimmerman JC, Moore-Ede MC, Dement WC, Weitzman 

ED.. Chronotherapy: Resetting the circadian clock of patients with delayed sleep phase insomnia. Sleep 

1981;4:1-21. . 

135.. Wagner RD. Disorders of the circadian sleep-wake cycle. In: Neurologic Clinics Sleep disorders 1. MS 

Aldrichh (ed), WB Saunders Company, Philadelphia, Pennsylvania, USA, 1996;14(3):651-670. 

136.. Dagan Y, Yovel I, Hallis D, Eisenstein M, Raichik I. Evaluating the role of melatonin in the long-term 

treatmentt of Delayed Sleep Phase Syndrome (DSPS). Chronobiol Int 1998; 15(2), 181-190. 



Chapterr 1.6 47 7 

137.. Campbell SS, Murphy PJ, van den Heuvel CJ, Roberts ML, Stauble TN. Etiology and treatment of 

intrinsicc circadian rhythm sleep disorders. Sleep Medicine Reviews 1999; 3(3): 179-200. 

138.. Dawson D, Encel N, Lushington K. Improving adaptation to simulated night shift: timed exposure to 

brightt light versus daytimee administration. Sleep 1995; 18: 11-21. 

139.. Folkard S, Arendt J, Clark M. Can melatonin improve shift workers' tolerance of the night shift? Some 

preliminaryy findings. ChronobiolInt 1992,; 10: 315-320. 

140.. Nagtegaal JE, Kerkhof GA, Smits MG, Van den Heuvel T. The effect of exogenous melatonin in shift 

maladaptationn syndrome. ChronobiolInt (submitted). 

141.. Sack RL, Blood ML , Lewy AJ. Melatonin rhythms in night shift workers. Sleep 1992; 15: 434441. 

142.. Roden M, Koller M, Pirich K, Vierhapper H, Waldhauser F. The circadian melatonin and Cortisol 

secretionn pattern in permanent night shift workers. Am J Physiol 1993; 265: R261-267.127. 

143.. Koller M, Harma M, Laitinen JT, Kundi M, Piegler B, Haider M. Different patterns of light exposure in 

relationn to melatonin and Cortisol rhythms and sleep of night workers. J Pineal Res 1994; 16: 127-135. 

144.. Arendt J, Deacon S, English J, Hampton S and Morgan L. Melatonin and adjustment to phase shift. / 

SleepSleep Res 1995; 4: 74-79 (Suppl 2). 

145.. Arendt J, Aldhous M, English J, Marks M, Arendt JH. Some effects of jet-lag and their treatment by 

melatonin.. Ergonomics 1987; 30: 1379-1393. 

146.. Petrie K, Conaglen JV, Thompson L, Chamberlain K. Effect of melatonin on jet lag after long haul flights. 

5M/1989;; 298: 705-707. 

147.. Claustrat B, Brun J, David M, Sassolas G, Chazot G. Melatonin and jet lag; confirmatory result after using 

aa simplified protocol. Biol Psychiatry 1992; 32(8): 705-707. 

148.. Petrie K, Dawson AG, Thompson L, Brook R. A double blind trial of melatonin as treatment for jet lag in 

internationall  cabin crew. Biol Psychiatry 1993; 33(7): 526-530. 

149.. Spitzer RL, Terman M, Malt U, Singer F, Terman JS, Williams JBW, Lewy AJ. Failure of melatonin to 

affectt jet lag in a randomised double blind trial. Society for light treatment and Biological Rhythms 

AbstractsAbstracts 1997: 9. 

150.. Arendt J, Skene DJ, Middleton B, Lockley SW, Deacon S. Efficacy of melatonin treatment in jet lag, shift 

work,, and blindness J Biol Rhythms 1997; 12 (6): 604-617. 

151.. Roth T, Richardson GS. Is melatonin administration an effective hypnotic? Commentary. J Biol Rhythms 

1997;; 12: 666-669. 

152.. Dijk DJ, Cajochen C. Melatonin and the circadian regulation of sleep initiation, consolidation, structure, 

andd the sleep EEG. J Biol Rhythms 1997; 12: 627-635. 

153.. Lapierre O and Dumont M. Melatonin treatment of a non-24h sleep wake cycle in a blind retarded child. 

BiolPsychiatrBiolPsychiatr 1995; 38: 119-122. 

154.. Palm L, Blennow G, Wetterberg L. Correction of non-24-hour sleep/wake cycle by melatonin in a blind 

retardedd boy. Ann Neurol1991; 29: 336-339. 

155.. Sack RL, Hughes RJ, Edgar DM, Lewy AJ. Sleep promoting effects of melatonin: at what dose, in whom, 

underr what conditions, and by what mechanisms? Sleep 1997; 20: 908-915. 



Chapterr 1.6 48 8 

156.. Sack RL, Stevenson J, Lewy AJ. Entrainment of a previously free-running blind human with melatonin 

administration.. Sleep Res 1990; 19: 404. 

I57.Reppertt SM. Melatonin receptors: molecular biology of a new family of G protein-coupled receptors. J 

BiolBiol Rhythms 1997; 12: 528-531. 

158.. Dijk D-J, Czeisler CA. Paradoxical timing of the circadian rhythm of sleep propensity serves to 

consolidatee sleep and wakefulness in humans. NeurosciLett 1994; 166: 63-68. 

159.. Nave R, Peled R, Lavie P. Melatonin improves evening napping. Eur JPharmacol'1995; 275: 213-216. 

160.. Ferini-Strambi L, Zucconi ME. Effects of melatonin on sleep microstructure: Preliminary results in healthy 

subjects.. SIeep\<m, 16: 744-747. 

161.. Cramer H, Rudolph J, Consbruch U, Kendel K. On the effects of melatonin on sleep and behaviour in 

man.. Adv Biochem Psychopharmacol \91A, 11: 187-191. 

162.. Zhdanova P/, Wurtman RJ, Lynch HJ, Ives JR, Dollins AB, Morabitio C, Matheson JK, Schomer DL. 

Sleep-inducingg effects of low doses melatonin ingested in the evening. Clin Pharmacol Ther 1995; 57: 552-

558. . 

163.. Tzischinsky O, Lavie P. Melatonin possesses time-dependent hypnotic effects. Sleep 1994; 17: 638-645. 

164.. Mendelson WB. Efficacy of melatonin as a hypnotic agent. J Biol Rhythms 1997; 12: 651-656. 

165.. Lavie P. Melatonin: role in gating nocturnal rise in sleep propensity. J Biol Rhythms 1997; 12: 657-665. 

166.. Kerkhof GA, Van Dongen HPA. Morning-type and evening-type individuals differ in the phase position of 

theirr endogenous circadian oscillator. Neuioscience Letters 1996; 218: 153-156. 

167.. Lavie P. Ultrashort sleep-waking schedule: III . 'Gates' and 'forbidden zones' for sleep. Electroenceph Clin 

NeurophysiolNeurophysiol'1986;'1986; 63: 414-425. 

168.. Lack LC, Lushington K. The rhythms of human sleep propensity and core body temperature. J Sleep Res 

1996;; 5: 1-11. 

169.. Anton-Tay F. Melatonin: effects on brain function. In: Serotonin-New Vistas: Biochemistry Biochemistry and behavioral 

andand clinical studies. studies. Adv Biochem Psychopharmacol, E. Costa, GL Gessa, M. Sandler (eds). Raven Press, 

Neww York 1974; II : 315-324. 

170.. Dijk D-J, Roth C, Landolt HP, Werth E, Aeppli M, Achermann P, Borbély AA. Melatonin effect on 

daytimee sleep in men: Suppresion of EEG low frequency activity and enhancement of spindle frequency 

activity.. Neurosci Lett 1995; 201: 13-16. 

171.. Nave R, Herer P, Haimov I, Shlitner A, Lavie P. Hypnotic and hypothermic effects of melatonin on 

daytimee sleep in humans: Lack of antagonism by flumazenil. Neurosci Lett 1996; 214: 123-126. 

172.. Stankov B, Biella G, Panara C, Lucini V, Capson S, Fautec J, Cozzi B, Fraschini F. Melatonin signal 

transductionn and mechanism of action in the central nervous system: using the rabbit cortex as a model. 

EndocrinologyEndocrinology 1992; 130: 2152-2159. 

173.GoIombekk DA, Escolar E, Burin LJ, DeBrito Sanchez MG, Fernandez Duque D, Cardinali DP. 

Chronopharmacologyy of melatonin: inhibition by benzodiazepine antagonism. Chronobiol Int 1992; 9: 

124-131. . 



Chapterr 1.6 49 9 

174.. Arendt J. Czeisler CA, Dawson D, Dijk DJ, Haimov I, Lavie P, Lewy AJ, Parkes JD, Skene DJ, Stone 

BM,, Wirz-Justice A, Zhandova I. In what circumstances is melatonin a useful therapy? Consensus 

statement,, WFSRS Focus Group, Dresden, November 1999. J. Sleep Res 2000; 9:397-398. 

175.. Arendt J. Safety of melatonin in long-term use(?) J Biol Rhythms 1997; 12: 673-681. 

176.. Neville S, Arendt J, Ioannides C. A study of the mutagenicity of melatonin and 6-hydroxymelatonin. J 

PinealPineal Res 1989; 6:73-76. 

177.. Stankov B, Gervasoni M, Scaglione F, Perego R, Cova D, Marabini L, Fraschini F. Primary 

pharmacotoxicologicall  evaluation of 2-iodomelatonin, a potent melatonin agonist. Life Sci 1993/ 53: 1357-

1365. . 

178.. Sugden D. Psychopharmacological effects of melatonin in mouse and rat. J Pharmacol Exp Ther 1983; 

227:: 587-591. 

179.. Holliman BJ, Chyka PA. Problems in assessment of acute melatonin overdose. Southern Medical Journal 

1997;; 90(4): 451-453. 

180.. de Lourdes M, Seabra V, Bignotto M, Pinto LR Jr, Tufik S. Randomized, double-blind clinical trial, 

controlledd with placebo, of the toxicology of chronic melatonin treatment. J Pineal Res 2000; 29(4): 193-

200. . 

181.. Guardiola-Lemaitre B. Toxicology of melatonin. J Biol Rhythms 1997; 12 : 697-706. 

182.. Zhdanova IV, Wurtman RJ. Efficacy of melatonin as a sleep promoting agent. J Biological Rhythms 1997; 

12(6):: 644-650. 

183.. Nagtegaal JE, Smits MG, Van der Meer YG, Fischer-Steenvoorden MGJ. Melatonin: a survey of 

suspectedd adverse drug reactions. Sleep Wake Research in the Netherlands, (ISBN 90-73675) 1996; 7: 115-

118. . 

184.. Force RW. Psychotic episode after melatonin. The annals of Pharmacotherapy 1997; 31: 1408. 

185.. Holliman BJ, Chyka PA. Problems in assessment of acute melatonin overdose. Southern Medical Journal 

1997;; 90(4): 451-453. 

186.. Cohen M, Small RA, Brzezinski A. Hypotheses: melatonin/steroid combination contraceptives will 

preventt breast cancer. Breast Cancer Res Treat. 1995; 33(3): 257-264. 

187.. Middleton BA, Stone BM, Arendt J. Melatonin and fragmented sleep patterns. Lancet 1996; 348: 551-552. 

188.. Voordouw BC, Euser R, Verdonk RE, Alberta BT, de Jong FH, Drogendijk AC, Fauser BC, Cohen M. 

Melatoninn and melatonin-progestin combinations alter pituitary-ovarian function in women and can 

inhibitt ovulation. J Clin Endocrinol Metab 1992; 73: 793-796. 

189.. Anderson RA, Lincoln GA, Wu FC. Melatonin potentiates testosterone induced suppresion of luteinizing 

hormonee secretion in normal men. Human Reprod \995; 8: 1819-1822. 

190.. Luboshitsky R, Dharan M, Goldman D, Hiss Y, Herer P, Lavie P. Immunohistochemical localization of 

gonadotropinn and gonadal steroid receptors in human pineal glands. J Clin Endocrinol Metab 1997; 82: 

977-981. . 

191.. Luboshitsky R, Wagner O, Lavi S, Herer P, Lavie P. Abnormal melatonin secretion in male patients with 

hypogonadism.. JMolNeurosci 1996; 7: 91-98. 



Chapterr 1.6 50 0 

192.. Cohen M, Small RA, Brzezinski A. Hypotheses: melatonin /steroid combination contraceptives wil l 

preventt breast cancer. Breast Cancer Res Treat 1995; 33: 257-264. 

193.. Weichman AF, O'Steen WK. Melatonin increases photoreceptor susceptibility to light induced damage. 

InvestInvest Ophtalmol Vis Sci 1992; 33: 1894-1902. 

194.. Tosini G, Menaker M. Circadian rhythms in cultured mammalian retina Science 1996; 272: 419-421. 

195.. Dubocovich MI . Characterisation of a retinal melatonin receptor. J Pharmacol Exp Ther 1985; 234: 395-

401. . 

196.. Lehman NL, Johnson LN. Toxic optic neuropathy after concomitant use of melatonin, Zoloft, and a high-

proteinn diet. / Neuroophtalmol1999; 19(4): 232-234. 

197.. Nguyen-Legros J, Chanut E, Versaux-Botteri C, Simon A, Trouvin JH. Dopamine inhibits synthesis in 

photoreceptorr cells through a D2-like receptor subtype in the rat retina: Biomedical and histochemical 

evidence.. JNeurochem 1996; 67: 2514-2520. 

198.. Nguyen-Legros J. Retinal dopamine: Basic mechanisms and clinical implications. In : CNS 

NeurotransmittersNeurotransmitters and Neuromodulators Dopamine, TW Stone (ed). 1996; 233-249. 

199.. Kennaway KJ, Hugel HM, Clarke S, Tjandra A, Johnson DW, Royles P, Webb HA, Carbone F. Structure 

activityy studies of melatonin analogues in pre-pubertal male rats. Aust J Biol Sci 1988; 41: 393-400. 

200.. Huether G, Hajak G, Reimer A, Poeggeler B, Blömer M, Rodenbeck A, Rüther E. The metabolic fate of 

infusedd L-tryptophan in men: Possible clinical implications of the accumulation of circulating tryptophan 

andd tryptophan metabolites. Psychopharmacology1992; 109: 422-432. 

201.Heyess MP, Saito K, Devinsky O, Nadi NS. Kynurenine pathway metabolites in cerebrospinal fluid and 

serumm in complex partial seizures. Epilepsia 1994; 2: 251-257. 

202.. Mahle CD, Goggins GD, Yocca FD. Melatonin modulates vascular tone in rat anterior cerebral artery. 

SocNeurosciSocNeurosci 1995; 21:183. 

203.. Cagnacci A, Arangino S, Angiolucci M, Maschio E, Longu G, Melis GB. Potentially beneficial 

cardiovascularr effects of melatonin adminisration in women. J Pineal Res 1997; 22:16-19. 

204.. Shima T, Chun S, Niijim a A, Bizot-Espiard JG, Guardiola-Lemaïtre B, Hosokawa M, Nagai K, 

Melatoninn suppresses hyperglycemia caused by intracerebroventricular injection of 2-deoxy-D-glucose in 

rats.. NeurosciLett 1997; 226: 119-122. 

205.. Roth T, Richardson G. Commentary: Is melatonin administration an effective hypnotic? J Biol Rhythms 

1997;; 12: 666-669. 

206.. Pang SF, Dubocovich ML, Brown GM. Melatonin receptors in peripheral tissues: A new area of 

melatoninn research. Biol Signals 1993; 2: 177-180. 



Partt  2 

PHARMACEUTICA LL  ASPECTS OF MELATONI N 

•• Melatonin: Drugs not for human use 

•• Melatonin: a survey of suspected drug reactions 

•• Correlation between concentrations of melatonin in saliva and serum of patients with 

delayedd sleep phase syndrome 





Chapterr 2.1 53 3 

2.11 MELATONIN: DRUGS 'NOT FOR HUMAN USE'2 

Introduction n 

InIn the Netherlands the substance melatonin (n-acetyl-5-methoxy-tryptamine) is only 

availablee with the qualification 'not for human use'. From September 1995 until April 

19966 tablets of melatonin were available on the Dutch market as a food supplement [1]. 

Merchandisee legalisation for food and drugs differs and therefore no pharmaceutical 

standardss have been formulated. Melatonin is not described in the current 

pharmacopoeias.. For some indications, however, clinical use of melatonin is justified. 

Thereforee in this article a survey is given of the production of several formulations with 

melatoninn and the analysis of melatonin. 

Chemicall  aspects 

Thee hormone melatonin is produced by the pineal. The secretion is influenced by the day-

nightt rhythm. Melatonin can be obtained from pineal glands from bovines or be 

synthesisedd from various agents e.g. [2]: 

(1)) Starting with 5-hydroxytryptamides, present in the outer layer of the coffee bean. These 

5-hydroxytryptamidess can be extracted, isolated and derivated leading to melatonin and 

severall  other derivatives. In this production process kaliumhydroxide, 

sodiumhydrogenphosphate,, ethanol and methanol are used. 

(2)) Starting with 5-methoxytryptamine which can be treated with acetic anhydride in 

pyridinee at room temperature, forming N,N-bis acetylated derivatives that can be 

convertedd to melatonin after washing with base. 

(3)) Starting with 5-methoxyindole. With this agent melatonin can be prepared by adding 

xylene,, hydrogen, platinum oxide and acetic anhydride in pyridine. 

Dependingg on the route of synthesis impurities with organic agents, arsenic and heavy 

metalss can be expected. Before use of melatonin for pharmaceutical properties limits of 

22 JE Nagtegaal, YG van der Meer, MG Smits. This chapter is translated in English from the Dutch article: Melatonin:' not 

forr human use', published in the Pharmaceutisch Weekblad, 1996; 131 (19): 546-549. 
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thesee impurities must be tested for by limit tests for various impurities of the European 

Pharmacopoeiaa IX. 

Synthesiss of endogenous melatonin 

Endogenouss melatonin is mainly synthesised and secreted by the pineal and the 

photoreceptorss of the retina. One of the precursors of melatonin is tryptophane. 

Sympatheticc nerves that innervate the pineal regulate melatonin production. 

Thee process is controlled by the biological clock, which is located in the suprachiasmatic 

nucleuss of the hypothalamus [3], The endogenous production is about 29 microgram/day 

forr healthy people [4], to 12 microgram/day for patients suffering from livercirrhosis [5J. 

Severall  drugs, for example betablockers can suppress the endogenous melatonin secretion 

[6]. . 

Melatoninn binds to melatonin receptors that are located in: the brain, the hypophysis, the 

hypothalamus,, the retina en the genitals. The hormone acts as a neuromodulator and a 

neurotransmitterr [3]. 

Kineticss of exogenous melatonin 

Thee clearance of melatonin administered intravenously is biphasic [3] with a mean of 631 

ml/minn in healthy people and a mean of only 127 ml/min in patients with livercirrhosis 

[4,5].. The half-life times are short: 3 and 45 minutes respectively [3]. The bioavailability of 

orall  formulations varies strongly in the different studies: from 3-6% [7-9] to higher values 

off  23-76% [4]. Melatonin has a large first-pass effect [3]. 

Administrationn of melatonin in circadian rhythm disorders 

AA low dose of melatonin (1-5 mg) administered at the right time has been effective in 

severall  small studies on the treatment of circadian rhythm disorders. Examples of disorders 

wheree melatonin appeared to be effective are: jetlag, sleep disruption after shiftwork and 

thee Delayed Sleep Phase Syndrome (DSPS). In this journal articles about the clinical 

effectss of melatonin have been published earlier [10,11]. A higher dose (80 mg) should be 

effectivee as a hypnotic [12]. The design and the results of this study, however, do not justify 

thiss indication. 
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Inn our hospital we have treated DSPS with low doses of melatonin. In the US melatonin is 

classifiedd as an 'orphan drug' for the treatment of circadian rhythm disorders in blind 

children. . 

Otherr applications 

Inn the Netherlands a clinical trial with a contraceptive containing 500 microgram 

norethindronee and 75 mg melatonin has been carried out. Melatonin suppresses the release 

off  Luteinizing Hormone causing inhibition of the ovulation. Since in animal experiments 

melatoninn in high doses appeared effective in preventing breast cancer, a melatonin-

containingg contraceptive seemed interesting. 

Theree are other indications described in literature as well, however, based on studies with 

onlyy a few subjects and without a double-blind design. Several claims of melatonin are: 

immunomodulation,, stress reduction and antineoplastic properties. Melatonin is 

consideredd to be effective in the treatment of depression, mania and schizophrenia [3]. 

Sidee effects and contraindications. 

Despitee the claim of some researchers that melatonin does not have any side effects, 

variouss side effects have been described in literature. In our patients gastrointestinal 

disorders,, heart burning, nausea and feeling hungry were observed. 

Noo systematic search for side effects of melatonin is described unto now. It is advised not 

too take melatonin during pregnancy or during breastfeeding. In rats high dosages 

administeredd during pregnancy resulted in a lower birth weight and lower weight of the 

ovariann of the female offspring. 

Productionn of melatonin containing drugs 

Tablets Tablets 

Tabletss containing melatonin have been on the Dutch market as a food supplement (Ultra 

Snooze®,, Kernpharm, Veghel, the Netherlands). These tablets contained 2.5 mg 

melatonin,, lactose, starch, magnesiumstearate and siliciumdioxide. The storage conditions 

weree 3 years at a temperature of 15-25 degrees Celsius at a dry place. This contrasts with 
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thee storage conditions of melatonin by some suppliers of raw materials (for example Acros 

andd Sigma), who advise to store melatonin in the freezer. 

Capsules Capsules 

Capsuless can be made easily in the (hospital) pharmacy. Variable amounts of melatonin in 

thee range from 1 mg - 5 mg can be processed. As filler either microcrystalline cellulose 

(ownn experience) or lactose [13,14] can be used. 

PreparationsPreparations with slow release 

Aldhouss et al have described a capsule where 2 mg of melatonin was manufactured in a 

mixturee of arachide-oil and beeswax in a ratio of 80:20, with a total weight of 200 mg [13]. 

Thee inconsistency of the reabsorption by the intestine is a disadvantage of the preparation 

[3]--

AA tablet with slow release is used in a clinical trial in the elderly. However, the additives 

andd the pattern of release of this tablet have not been published yet [15]. 

Mixture Mixture 

AA solution of 0.04% w/v of melatonin in vegetable oil and 2% v/v ethanol has been 

describedd by Aldhous et al [13]. A volume of 5 ml of this mixture contains 2 mg melatonin 

andd was added to a glass with 50 ml of milk just before administration [13]. 

NasalNasal spray 

Too bypass the first-pass effect of melatonin, Volrath et al have prepared a nasal spray 

containingg 0.85% w/v of melatonin in ethanol [16]. Nebulizing two times resulted in a 

sprayy dose of 1.7 mg. More information about pattern of release and blood levels has not 

beenn published. 

IntraIntra venous fluid 

Strassmann et al [17] described an aseptically prepared solution, containing 2 mg of 

melatonin,, dissolved in 1.0 ml of ethanol 96% and adjusted with aqua ad injectabilia till 

5.00 ml. Of this solution 0.3 ml is added to 1 litre of NaCl 0.9%. The infusion bag had to be 
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packedd up in dark plastic to avoid photo-oxidation. This solution was infused at a rate of 

255 ml/h (0.05 microgram/min melatonin) [17]. 

Analysis s 

Too our knowledge no qualifications for identification reactions and content of melatonin 

containingg products have been published in international papers until now. Hereby we 

showw the methods of analysis that are performed in our laboratory (Hospital Gelderse 

Vallei,, Ede, The Netherlands). 

Controll  of raw material 

QualitativeQualitative analysis 

Melatoninn is a slightly off-white crystalline, homogeneous powder, without foreign 

particless with a melting point of 116-118 degrees Celsius. 

Thee identity can be analysed by Thin Layer Chromatography with a mobile phase of 

dichloormethanee (90) and methanol (10) (saturated during 1 hour). The melatonin is 

dilutedd to 5 mg/ml in ethanol 96%. Of this solution 1 microlitre is dropped on the silica gel 

(2544 nm). The solid phase has to be in the mobile phase for 30 minutes. One major spot is 

seenn at 254 nm with a Rf= 0.4. After some hours in daylight the melatonin spots turns 

yellow. . 

Thee Infra Red spectrum is authentic and has to be in strict accordance with the reference 

spectrum. . 

QuantitativeQuantitative analysis 

Thee content can be measured by UV spectrometric analysis. A solution of 0.025 mg 

melatoninn per ml water is to be prepared. The specific extinction at 278 nm was found to 

bee 274 (own results), this is a molar extinction of 6364, which is in accordance with the 

molarr extinction in literature: 6300 [18]. The molar extinction at 223 nm is 27550, which is 

inn agreement with the literature as well [18]. 

Thee content which can be measured by High Pressure Liquid Chromatography (HPLC) 

mayy not be less than 99.5%. The advantage of HPLC over UV spectrometric analysis is 
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thatt the purity can be taken into account. This is important for good analysis of new 

batchess of material and for analysis of storage conditions. This method discriminates 

betweenn melatonin and its degradation products. A Chromsfer CI8 column has been used 

andd a flow of 1 ml/min. The injection volume is 10 microliter. The wavelength of 

detectionn is 278 nm, the mobile phase is a mixture of 25 units of methanol and 75 units of 

water.. The internal standard, caffeine (1 mg/100 ml 2 minutes)) is used and a 

stockstandardd 5 mg/100 ml melatonin 5 minutes). 
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TableTable 3: Demands of purity by three suppliers 
(A)) Genzyme Pharmaceuticals, Suffolk, England 
(B)) AMR Pharm Holland 
(C)) Triple Crown America, inc, USA 

Test t 

Sulphatedd ash 

Lead d 

Arsenic Arsenic 

Heavyy metals 

Water r 

Residuee in ethyl 
acetate e 

Residuee in acetic 
acid d 

Meltingg point 

IR R 

Purityy (HPLC) 

Purityy (TLC) 

Demandd (A) 

<0.1% % 

--

--

<200 ppm 

<1% % 

<0.3% % 

<0.3% % 

--

Inn accordance to 
thee reference 
spectrum m 

>99.. 0% 

Totall  impurities not 
moree than 1.0%. 
Noo individual 
impurityy more than 
0.5%. . 

Demandd (B) 

<0.02% % 

<0.55 ppm 

<0.22 ppm 

<11 ppm 

--

--

. . 

116-1188 °C 

InIn accordance to 
thee reference 
spectrum m 

>99.5% % 

Passess test 

Demandd (C) 

<0.1% % 

<11 ppm 

<0.55 ppm 

<11 ppm 

<0.3% % 

--

. . 

116-1188 °C 

Inn accordance to 
thee reference 
spectrumm (The 
Aldrichh Library of 
Infraredd Spectra) 

>99.5% % 

Onee major spot 
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Purityy of melatonin 

Inn Table 3 the demands of three suppliers of melatonin is summarised. Our standards were 

basedd on these purity claims. Individual impurities must be less than 0.05%, while total 

impuritiess may not exceed 0.5%. The water content must be less than 0.3%, the sulphated 

ashh must be less than 0.1%. Heavy metals like lead must be less than 1 ppm and arsenic 

mustt be less than 0.5 ppm. 

Stability y 

InIn the literature only littl e is described about stability of melatonin. Some manufacturers 

advisee storing melatonin in the freezer (maximum temperature: -20 °C), others state that 

melatoninn has been filled off under nitrogen. From our short and long lasting studies on 

keepingg qualities we have not found a ground for these precautions. We have found 

melatoninn to be a stable substance for temperature and oxygen. The dry agent is stable for 

244 hours at 80 °C. Addition of 5 ml sodiumhydroxide 0.1 N or hydrogenperoxide 30% to 

500 mg melatonin shows a complete degradation of the melatonin within six hours. 

Thereforee a stable solution with melatonin may not be too alkaline. Based on these results 

thee addition of an anti-oxidant will be useful. We analysed by HPLC that capsules with 5 

mgg melatonin, with microcristalline cellulose as fillin g substance, can be kept at 45 °C for 

att least two years with loss of no more than 5% melatonin. 
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2.22 MELATONIN: A SURVEY OF SUSPECTED ADVERSE DRUG 

REACTIONS3 3 

Introduction n 

Melatonin,, the major hormone produced by the pineal gland, is increasingly described as a 

drugg for certain specific sleep disorders. An important indication for melatonin is the 

Delayedd Sleep Phase Syndrome (DSPS). DSPS is a form of insomnia in which patients 

preferr to sleep at hours that are much too late to be compatible with a conventional lifesty-

le.. As a result, they usually wake up before sufficient sleep has been achieved. Other 

indicationss of melatonin are: prevention of jet lag and treatment of negative effects of shift 

work. . 

AA lot of studies on melatonin treatment have been published, but only a few adverse 

reactionss have been described. Several authors have even mentioned the absence of adverse 

reactionss during or after melatonin treatment. Arendt reviewed suspected adverse drug 

reactionss (SADRs) in animals treated with melatonin and some case reports about SADRs 

inn humans [1]. Melatonin appears to be relatively non-toxic, but it is a hormone with 

severall  physiological functions and therefore the absence of side effects seems unlikely. 

Inn our study 97 patients (32 men, 58 women; 4 boys, 3 girls until 12 years) with circadian 

rhythmm disorders were treated with melatonin 5 mg (until 12 years: 2,5 mg), administered 

everyy evening 5 hours before endogenous melatonin starts to be produced: the Dim Light 

Melatoninn Onset (DLMO) [2]. Patients were treated during 2-12 months. The SADRs are 

spontaneouss reports, told by the patient at the consultation; 1 and 3 months after starting 

thee treatment with melatonin. We have never asked for SADRs directly. Twenty-five 

patientss mentioned a total of thirty-five SADRs. 

JEE Nagtegaal, MG Smits, YG van der Meei, MGJ Fischer-Steenvoorden.This chapter is reprinted from Sleep-wake 

researchresearch in the Netherlands (ISBN 90-73675)1996; 7, 115-118. 
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Results s 

TableTable 4: Suspected Adverse Drug Reactions of melatonin (n=97) 
1.1. The co-medication of this patient was: 1-thyroxine, metoprolol, nifedipine, 

flunitrazepam flunitrazepam 
2.2. This patient was a stable type 1 diabetic on insulin treatment 
TheThe other patients had no medication that was likely to be suspected for the 
SADRs,SADRs, beside the melatonin treatment. 

Suspectedd Adverse Drug Reactions 

Fever r 

Hyperkinesia a 

Dizziness s 

Gastrointestinall  disorders 

Headache e 

Menorrhagia a 

Pigmentation n 

Anklee oedema 

Flushing g 

Diplopia a 

Hepaticc pain 

Hyperglycaemia a 

Thrombosis s 

Numberr Sex and age (years) 

6 6 

5 5 

4 4 

3 3 

3 3 

3 3 

3 3 

2 2 

2 2 

1 1 

1 1 

1 1 

1 1 

M,, 10, 37, 46, 53 
F,, 37, 47 

M,, 12, 37, 47, 68, 70 

M,, 37 
F,, 48,60', 74 

M,, 10, 53 
F,, 31 

M,50 0 
F,, 27, 46 

F,, 14, 17, 42 

M,, 29, 55 
F,, 37 

F,60\\ 53 

F,, 19, 46 

F.601 1 

F.46 6 

M,, 532 

F,, 31 
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Discussion n 

Itt is remarkable that several adverse reactions were mentioned in this study although other 

publicationss state that no adverse reactions have been seen. The explanation may be that in 

earlierr studies some clinical events or complaints may not have been recognised as adverse 

drugg reactions in relation to melatonin treatment. We will give a short explanation of some 

off  thee SADRs mentioned above based on the pharmacological mechanism of the hormone. 

FeverFever at the first days of melatonin treatment is possibly a reaction on the 

thermoregulatoryy function of melatonin [1] or may be related to effects of the agent on 

humorall  and cellular immune responses. 

Strikingg is the number SADRs of hyperkinesia in this study. Two men complained of 

restlesss legs during the first weeks of treatment, three of them had muscular unrest that 

remainedd in two of them during the treatment. There are no publications about a 

relationshipp between melatonin treatment and hyperkinesia but it is published as an 

adversee reaction of tryptophan, which is a precursor in endogenous melatonin synthesis 

[1,3]. . 

MenorrhagiaMenorrhagia during treatment with melatonin may be explained by a decrease in plasma 

concentrationn of LH and FSH, which is found in earlier studies. Melatonin may act in long 

dayy seasonal breeders and humans to modify feedback sensitivity to gonadal level by 

modificationn of steroid synthesis and metabolism [1]. The three women mentioned, did not 

usee oral anticonception and had a normal regular menstruation before they started to use 

melatonin.. The eldest woman with these complaints had a sparse loss of blood before she 

startedd with melatonin. 

PigmentationPigmentation on arms and legs after melatonin intake is not mentioned earlier in humans, 

althoughh it is known that melatonin plays an important role in pigment migration 

phenomenaa in amphibians. 

HeadacheHeadache and abdominal reactions (nausea, dyspepsia, abdominal pain) are mentioned 

frequentlyy in drug trials and may be explained by other than pharmacological causes. 

Thesee SADRs may possibly be due however to a false transmitter effect on serotonergic 

systems. . 
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Sincee melatonin or its kynurenamine metabolites can inhibit prostaglandin synthesis, they 

mayy influence clotting and this may be an explanation for the thrombosis in the woman in 

thee 8th week of treatment with melatonin. She has had another thrombosis 10 years earlier. 

Thiss survey of SADRs shows the importance of pharmacovigilance of this agent. To 

completee this list of adverse reactions it is necessary to administer melatonin under control-

ledd medical condition for strict indications. Before melatonin will be permitted on the 

markett again, it should be registered as a drug by the authorities. For this registration ade-

quatee information about the balance between effectivity and safety will be necessary. When 

thee drug will actually (again) be available on the market, pharmacovigilance plays an 

importantt role to obtain more information about serious or non-expected adverse drug 

reactionss during melatonin use. 
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1.. Arendt J. Biochemistry of the pineal. In: Melatonin and the mammalian pineal gland, Arendt J, (ed). 

Universityy Press, Cambridge, 1 ed. 1995: 161-281. 

2.. Lewy AJ, Ahmed S, Latham Knackson JM, Sack RL. Melatonin shifts human Orcadian rhythms 

accordingg to a phase-response curve. Chronobiology Int 1992; 9: 380-392. 

3.. Dukes MNG. In: Meyler's side effects of drugs. Dukes MNG (ed). Amsterdam: Elsevier 1992,12th ed.: 62. 



Chapterr 2.3 66 6 

2.33 CORRELATION BETWEEN CONCENTRATIONS OF MELATONIN IN 

SALIVAA AND SERUM IN PATIENTS WITH DELAYED SLEEP PHASE 

SYNDROME4 4 

Summary y 

Exogenouss melatonin, which can be used to treat certain circadian rhythm disorders, 

maximallyy advances delayed rhythms when taken 5 hours before the endogenous 

melatoninn starts to increase. The time of the start of the endogenously release of melatonin 

iss defined as Dim Light Melatonin Onset (DLMO). The DLMO concentration has been 

definedd in serum to be 10 pg/ml. Because of the greater practicability of frequent saliva 

samplingg over blood sampling, we have validated radioimmunoassay (RIA) measurements 

off  melatonin in saliva in patients diagnosed as suffering from a typical circadian rhythm 

disorder:: Delayed Sleep Phase Syndrome (DSPS). Based on these results we have defined 

thee equivalent salivary DLMO concentration to be 4 pg/ml. 

Introduction n 

Melatonin,, a hormone produced by the pineal gland during the dark phase of the day-night 

cycle,, is a robust marker for the timing of circadian rhythms [1]. In humans, bright light is 

capablee of suppressing the melatonin production. Thus, under conditions of dim light the 

melatoninn rhythm accurately reflects the phase position of circadian rhythmicity, which is 

drivenn by a circadian pacemaker, located in the suprachiasmatic nuclei of the 

hypothalamus.. To serve as an accurate phase marker, melatonin should be sampled at least 

oncee every hour. Thus, only sampling of blood and saliva, but not urine is appropriate. 

Whenn the subject is awake, frequent saliva sampling has obviously greater practicability 

thann blood sampling, e.g. as a diagnostic tool in case of suspected circadian rhythm 

disorder.. Therefore this study sought to validate radioimmunoassay (RIA) measurements 

44 JE Nagtegaal, ABH Peelers, ACW Swart, MG Smits, GA Kerkhof, YG van der Meer.This chapter is reprinted from 

Therapeuticc Drug Monitoring 1998; 20: 181-183. 
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off  melatonin in saliva in three patients diagnosed as suffering from Delayed Sleep Phase 

Syndromee (DSPS). 

DSPSS is characterised by the inability to fall asleep at a conventional time with a 

concomitantt difficulty awakening at socially acceptable hours in the morning. This is 

attributedd to an abnormally delayed phase of circadian rhythms. A relatively late start of 

melatoninn production is characteristic in these patients [2]. 

Exogenouss melatonin, which can be used to treat DSPS, maximally advances circadian 

rhythmss when taken 5 hours before the endogenous melatonin starts to increase: the dim 

lightt melatonin onset (DLMO) [3]. The DLMO concentration has been defined in serum 

too be 10 pg/ml [3]. This report defines the equivalent salivary DLMO concentration. 

Methods s 

Patients Patients 

InIn three patients with DSPS who were diagnosed on the basis of International 

Classificationn of Sleep Disorders criteria [4], we have studied the endogenous melatonin 

productionn during a 24-h period. Every hour, 5 ml blood was collected through permanent 

forearmm venous cannulas into glass tubes. At the same time the patient had to chew on a 

cottonn plug (SaIivettenR, Sarstedt Nümbrecht, Germany) for 1 minute. The patients did not 

smokee or brush their teeth during the study, and did not drink or eat from 15 minutes 

beforee until the end of each sampling. The patients stayed in bed during a 24-hour period, 

inn a dimly li t room (<100 lux) at a constant ambient temperature [5]. 

MelatoninMelatonin assays in serum 

Bloodd samples were kept at 4 degrees Celsius until the experiment ended; then they were 

centrifugedd (1000& 10 minutes) and serum samples were stored at -20 degrees Celsius until 

thee radioimmunoassay started. Melatonin levels in serum were measured by a 

commerciallyy available RIA kit (Bühlmann Laboratories AG, Basel, Switzerland). 

Reversed-phasee column-extracted samples were used. Aliquots of 400 microliter of the 

eluatee were added directly to the assay tubes. The detection limit of the assay was 1 pg/ml 

forr each sample. The intraassay coefficients of variation on the kit controls 1 and 2 were 
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9%% and 7% respectively (mean 3.3 and 17.6 pg/ml (n=6)). The interassay coefficients of 

variationn were 12% and 14% respectively (mean 2.9 and 20.6 pg/ml (n=30)). 

MelatoninMelatonin assays in saliva 

Melatoninn levels in saliva were measured by a RIA kit (Bühlmann Laboratories) which 

becamee available recently. Saliva samples were kept at 4 degrees Celsius until the 

experimentt ended; then they were centrifuged (1000 ,̂ 2 minutes) and saliva samples were 

storedd at -20 degrees Celsius until the radioimmunoassay started. Aliquots of 400 

microliterr of the saliva sample were added directly to the assay tubes. The detection limit 

off  the assay was 0,5 pg/ml sample. The intraassay coefficients of variation on the kit 

controlss 1 and 2 were 10% and 7% respectively (mean 1.6 and 16.4 pg/ml (n=10)) and the 

interassayy coefficients of variation were 14% and 9% respectively (mean 2.0 and 14.5 

pg/mll  (n=9)). 

Results s 

AA clear circadian rhythm pattern of melatonin was observed in all patients as is shown in 

Figuree 9. 

Thee orthogonal regression line y= 0.368x-1.0, r=0.886, P<0.001 was obtained for 40 value 

pairs.. The regression and correlation coefficients were almost equal for the peak values of 

melatoninn and during the rising and descending phases of the secretion patterns. 

Thee DLMO in serum is defined as 10 pg/ml [3J. In this concentration range, the melatonin 

concentrationn in saliva is lower by a factor 2.5, this justifies the definition of a DLMO of 4 

pg/mll  in saliva. The values for DLMO observed in our patients were: Patient 1: serum: 

22:033 hours, saliva: 22:11 hours; Patient 2: serum: 23:42 hours, saliva: 23:41 hours; Patient 

3:: serum: 04:40 hours, saliva: 04:38 hours. 
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FigureFigure 9: Endogenous melatonin measured in serum and saliva. Profiles of three patients. 
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Discussion n 

AA comparison of melatonin concentrations in saliva and blood has been published earlier 

[6].. The current study has a methodological advantage, in presenting results of a recently 
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introducedd RIA method, which uses only small amounts of saliva, i.e. 1 ml instead of 10 

mll  [6]. In addition, even in individuals with an extremely low production of melatonin 

(patientt 3), this assay method appears to produce valid results. From the results of this 

studyy we can conclude that very similar values for DLMO can be observed with serum and 

withh saliva RIA measurements. The value for DLMO in saliva is proposed to be 4 pg/ml, a 

factorr 2,5 lower than the DLMO-concentration defined in blood. 

Conclusion n 

Thee measurement of melatonin in minimal amounts of saliva offers a valid and practical 

alternativee for invasive blood sampling. 
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Partt  3 

CHRONOBIOLOGICA LL  ASPECTS OF MELATONI N 

•• Delayed sleep phase syndrome: a placebo controlled study on the effects of melatonin 

administeredd 5 hours before the individual dim light melatonin onset 

•• The effect of melatonin on sleep, daytime sleepiness and performance after a period of 

nightt work. 
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3.11 DELAYED SLEEP PHASE SYNDROME: A PLACEBO-CONTROLLED 

CROSS-OVERR STUDY ON THE EFFECTS OF MELATONIN 

ADMINISTEREDD 5 HOURS BEFORE THE INDIVIDUA L DIM LIGHT 

MELATONI NN ONSET5 

Summary y 

Inn a double-blind placebo-controlled cross-over study 30 patients with Delayed Sleep Phase 

Syndromee (DSPS) were included, of whom 25 finished the study. Melatonin 5 mg was 

administeredd during two weeks in a double-blind setting and two weeks in an open setting 

successivelyy or interrupted by two weeks of placebo. Its impact was assessed by measure-

mentss of the 24 hour curves of endogenous melatonin production and rectal temperature 

(n=14),, polysomnography (n=22), actigraphy (n=13), sleep log (n=22) and subjective sleep 

qualityy (n=25). Mean Dim Light Melatonin Onset (DLMO) ) before treatment 

occurredd at 23:17h 8 min). Melatonin was administered 5 hours before the individual 

DLMO.. After treatment, the onset of the nocturnal melatonin profile was significantly 

advancedd by about 1.5 hour. Body temperature trough did not advance significantly. 

Duringg melatonin use actigraphy showed a significant advance of sleep onset and 

polysomnographyy a significant decreased sleep latency. Sleep architecture was not 

influenced.. During melatonin treatment patients felt significantly more refreshed in the 

morning.. These results show that analysis of DLMO of patients suffering from DSPS is 

importantt both for diagnosis and therapy. These results are discussed in terms of the 

biochemistryy of the pineal. 

Introduction n 

Delayedd Sleep Phase Syndrome (DSPS) is a circadian rhythm disorder characterised by an 

abnormallyy delayed sleep-wake rhythm. The major symptoms of DSPS are extreme 

difficultyy to initiate sleep at a conventional hour of the night and great difficulty to wake up 

55 JE Nagtegaal, GA Kerkhof, MG Smits, ACW Swait, YG van der Meer.This chapter is reprinted from the Journal of Sleep 

Researchh 1998; 7: 135-143. 
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onn time in the morning for school or work [1], The aetiology of DSPS is mostly unknown 

[2],, although several developmental and environmental factors have been suggested [3] like 

e.g.. long labour [3], infections [3] or shift work [4]. Once initiated, the sleep of DSPS 

patientss is well consolidated with normal sleep architecture and total sleep time and no 

sleepp pathology [2]. 

Inn adolescents a prevalence of greater than 7% is suggested [5,6], whereas in middle aged 

adultss a prevalence of 0.7% is found [7]. 

Endogenouss melatonin, a hormone produced by the pineal gland during the dark phase of 

thee day-night cycle is thought to play a major role in the synchronisation of circadian 

rhythms.. Its secretion is controlled by an endogenous oscillator that is entrained by light. 

Thee circadian rhythm of melatonin is highly reproducible and generally not easily altered 

[8]. . 

Fromm several studies [2,9,10,11] it has become clear that there are two methods to treat 

DSPS:: with chronotherapy and with administration of melatonin. In 1991 Dahlitz [3] 

publishedd the first study on the effects of melatonin administration in 8 patients with 

DSPS.. Capsules with 5 milligrams melatonin were administered daily at 22:00h, 5 hours 

beforee the mean time of sleep onset. Sleep onset and time of waking up both shifted to an 

earlierr time, on average respectively 1.3 and 2 hours. The patients returned to their 

previous,, delayed pattern once the administration of the hormone was discontinued. In 

19933 Tzischinsky et al [12] reported a study in 8 patients who were treated for 4-11 weeks 

withh 5 mg of melatonin daily at 19:30 h. The authors described an advance of both sleep 

onsett and time of waking up, each by a mean of about 2 hours. 

Inn 1995 Regestein and Pavlova [5] suggested that melatonin might make more consistent 

therapeuticc gains if doses were timed in relation to the evening rise or nocturnal peak in a 

patient'ss endogenous melatonin levels, or otherwise timed to some other circadian rhythm 

markerss such as the daily body temperature minimum. Lewy et al [13] have shown that the 

responsee of the endogenous rhythm in the production of melatonin to the exogenous 

administrationn of melatonin in healthy subjects follows a phase response curve that mirrors 

thee melatonin phase response curve for light. From several experiments in healthy 

volunteers,, Lewy and co-workers generalised that exogenous melatonin advances circadian 

rhythmss most effectively if administered 5 hours before the time that melatonin release 

startss to increase, the so-called Dim Light Melatonin Onset (DLMO) [13]. Thus, DLMO 
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seemss a promising parameter for the evaluation of the treatment of DSPS patients, since 

Weitzmann et al have hypothesised DSPS to be a disorder of the sleep-wake rhythm in 

whichh the advance portion of the phase response curve is absent or too small [1]. 

Thee goal of our study was to establish the effectiveness of melatonin, administered to 

DSPSS patients 5 hours before their individual DLMO, in advancing the timing of sleep and 

thee circadian rhythms of the endogenous melatonin release and body temperature. 

Furthermore,, we were interested in the potential diagnostic value of DLMO and time of 

temperaturee trough as markers of circadian rhythmicity [14]. 

Ourr placebo-controlled study differs from earlier studies on the effects of melatonin in 

DSPSS patients in that the time of administration is based on the patient's individual 24-h 

melatoninn profile. Thus, we expected a better overall efficacy in advancing the circadian 

rhythmss as compared with studies where melatonin was given at a fixed time in all 

patients. . 

Patientss and Methods 

Patients Patients 

Thirtyy patients (14 men, 16 women), aged 37.3  15.3 years (Mean  SD), and suffering 

fromm DSPS, were included in this study. Ten of the patients worked regularly by day, seven 

weree scholars or students, twelve were unemployed and one shift-worked in the airforce. 

Thiss man started to work regularly on daytime from two months before and during the 

study.. DSPS was diagnosed according to the International Classification of Sleep 

Disorderss (ICSD) criteria [4]. In selecting the patients, the following exclusion criteria were 

used:: age under 12 years, any prior use of melatonin, liver diseases [15, 16], renal failure 

[17],, severe neurological or psychiatric disorders [18, 19], pregnancy or a wish to become 

pregnantt within the study period. 

Thee study was approved by the local Medical Ethical Committee. Before the patients were 

includedd in the study, informed consent was obtained. Three patients (two men of 

respectivelyy 31 and 41 years old and one woman of 50 years old) decided to withdraw 

beforee the study was completed. Two patients (a man of 19 years old and a woman of 45 

yearss old) had to be excluded because of non-compliance. 
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StudyStudy protocol 

Thee study covered a period of eight consecutive weeks. During the first day of the first 

weekk the patient stayed in a hospital unit where 24 h measurements of melatonin and 

rectall  temperature were made. One week later, during two subsequent periods of two 

weekss each, the patient received either placebo followed by melatonin or melatonin 

followedd by placebo, in a double-blind, cross-over design. In weeks 6 and 7 all subjects 

receivedd melatonin in an 'open' condition, i.e. they were fully informed about the substance 

theyy received. Finally, in the morning following the last intake of melatonin, the patient 

wass admitted to the hospital for a second 24 h recording of melatonin and rectal 

temperature.. The design of die study is illustrated in Figure 10. 

FigureFigure 10: Design of the study 
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Becausee of the practical limitation of only two 24 h recording sessions per patient, the open 

conditionn was added to the cross-over period (a cross-over condition by itself would 

necessitatee three such recording sessions). In this way, the effect of melatonin 

administrationn upon these 24 h measurements could be compared with the baseline. 

However,, it was preferred to measure the various sleep parameters during the double-blind, 

cross-overr condition, and not following the open period. For, in the latter case, subjective 

influencess might affect the sleep parameters. 

Everyy evening all subjects took orally 5 mg melatonin (Helsinn Chemicals SA, Biasca, 

Switzerland),, mixed with microcrystalline cellulose in a gelatin capsule, or a matched 

placebo,, each for two weeks. It was decided not to include a wash-out procedure since 

melatoninn has a short half-life of 35 minutes [20] and Dahlitz et al [3] had shown that the 

advancingg effect of melatonin on the sleep-wake rhythm disappeared within 2 days after 

stoppingg the administration of melatonin. Twenty-four hour curves of endogenous 

melatoninn production were assessed under semi-constant routine conditions, both 1-2 

weekss before the start of the study and immediately after the 'open' melatonin period. 

Duringg the 24-h semi-constant routine the patients stayed in bed, in a dimly lit room (from 

88 a.m. till 6 p.m. the intensity of the ambient light was less than 100 lux, from 6 p.m. till 8 

a.m.. it was less than 20 lux). Room temperature varied between 19 and 21 degrees Celsius. 

Sleepp was not prohibited. This protocol was followed in an attempt to prevent contami-

nationn of overt circadian rhythms by 'masking' influences caused by 24 hour variations in 

motorr activity, ambient light and temperature [21]. Since a sampling interval of one hour 

wass considered necessary for an accurate determination of the onset and the offset of the 

melatoninn profile [22], 5 ml blood was collected hourly through a permanent forearm 

venouss cannula into glass tubes. The time of administration of melatonin.was calculated 

fromm the resulting endogenous 24 hour profile, according to Lewy et al [13, 23]. Lewy and 

co-workerss showed that the time of the endogenous melatonin production maximally 

advancedd when melatonin was administered five hours before the time of the individual 

Dimm Light Melatonin Onset (DLMO). 

Thee DLMO was defined as the time at which the melatonin concentration in serum 

reachedd a level of 10 pg/ml [13]. 
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RecordingsRecordings and Analysis 

BloodBlood samples were kept at four degrees Celsius until the experiment ended; then they 

weree centrifuged (1000 * g, 10 min) and serum samples were stored at -20 degrees Celsius 

untill  assayed. Melatonin levels in serum were measured by a commercially available RIA 

kitt (Btihlmann laboratories AG, Switzerland). The detection limit of the assay was 1 pg/ml 

sample. . 

Duringg the semi-constant routines rectal temperature was recorded in 14 of the 30 patients 

(44 men, 10 women). Every two minutes rectal temperature (rectal probe from Yellow 

Springg YSI Series 400) was measured during 24 hours. The temperature curve was fitted 

withh a harmonic regression function with 24 h and 12 h components [24]. The numerically 

calculatedd minimum of the fitted curve served as phase estimate of the circadian body 

temperaturee rhythm. 

Twenty-twoo patients (8 men, 14 women) underwent ambulatory polysomnography in one 

off  the three last nights of the placebo and of the 'blind' melatonin period. Sleep analysis 

usedd visual scoring performed on screen (combination of audio-visual scoring) according to 

standardd criteria [25, 26]. The following parameters were derived from the hypnogram: 

sleepp onset latency, time of sleep onset, REM latency, amount of REM sleep, number and 

durationn of awakenings, actual sleep time and amount of slow wave sleep (stages 3 and 4). 

REMM episodes were defined as a series of consecutive sequences of epochs of REM sleep 

separatedd by less than 15 min of intervening NREM sleep or waking. Only REM episodes 

off  longer than 1 min were included in thee analysis. REM latency was calculated as the 

numberr of minutes from sleep onset to the first epoch of REM sleep. 

Wristt activity was recorded in 13 patients during the last three days of the placebo and of 

thee 'blind' melatonin period. Sleep onset as derived from the wrist activity records, was 

estimatedd according to the algorithm employed by Home et al [27]. 

Diariess were completed by 22 patients during the four weeks of double-blind treatment. 

Thee following subjective estimates of several sleep-related parameters were daily quantified 

(scale:: 0 (bad) - 5 (excellent)) by the patients: mood before going to bed, mood after getting 

up,, the time of going to bed, sleep latency, number of awakenings after sleep onset (waso), 

durationn of waso, the time of waking up, sleep duration, sleep efficiency and refreshed 

feelingg after bed out. When the patients had finished the study, these results were averaged 
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forr each patient for the two periods of double-blind treatment and statistical analysis was 

performed. . 

Analysis s 

MelatoninMelatonin plasma curves 

Thee following parameters of each 24-h curve were calculated and are shown in Figure 11. 

1.. Dim Light Melatonin Onset (DLMO) (10 pg/ml) as defined by Lewy et al [13]. Since 

inn some patients the diurnal baseline level was increased after treatment possibly due to 

aa lower clearance of exogenous melatonin, a DLMO based on a fixed concentration of 

100 pg/ml may cause misinterpretation of the results. Therefore we have also calculated 

alternativee parameters, which were expected to give more information about any 

changess in the form of the curves. These parameters were: 

2.. Start time: the time after which the next two consecutive measurements exceeded a 

threshold,, defined as twice the mean of the 10 lowest melatonin values over twenty-

fourr hours. 

3.. Stop time: the offset of the nocturnal melatonin elevation; the time after which the 

followingg two consecutive measurements were less than 10 pg/ml, on the declining 

slope. . 

4.. Peak time: the middle time of the three highest consecutive melatonin values. 

5.. Duration: the time during which the melatonin concentration is above 10 pg/ml. 

Thesee parameters were calculated from the individual curves before and after treatment. 
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FigureFigure 11: Different parameters calculated from the 24h melatonin plasma curve 
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Statistics s 

Too test for significant phase shifts t-tests for matched pairs were used. All parameters of the 

melatoninn curves and temperature curves have been correlated by Pearson correlation. 

Al ll  parameters of the sleep log and polysomnography were tested by Wilcoxon signed rank 

testt (2-tailed). 
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Results s 

MelatoninMelatonin anorectal temperature 

Thee mean plasma melatonin curves before and after treatment are shown in Figure 12 and 

thee mean values of their respective parameters are shown in 

Tablee 5. The mean ) advance shift of the DLMO value was 98  69 minutes. 

FigureFigure 12: Mean plasma curves from the DSPS patients (n=25) before and afier treatment. 
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TableTable 5: Mean + SD (min) values of the parameters of the melatonin plasma curves of 
thethe patients before and after treatment (n=25). Parameters are explained in the 
texttext under 'Analysis'. 

Parameter r 

DLM O O 

Startt time 

StopStop time 

Peakk time 

Duration n 

Beforee treatment 

8 8 

22:21hh  134 

08:52hh  163 

03:48h  134 

9.655 h  0.45 

Afterr  treatment 

4 4 

2 2 

08:13h  107 

02:44hh  121 

1 1 

t-Value e 

7.00 0 

3.55 5 

2.01 1 

2.13 3 

2.76 6 

p-Value e 

0.001 1 

0.002 2 

0.056 6 

0.044 4 

0.005 5 

Nearlyy all alternative phase markers showed a significant advance after melatonin 

treatment.. The mean curves of Figure 12, however, strongly suggest that this advance only 

appliess to the rising part of the curve. This is corroborated by the findings of a non-

significantt effect upon the offset and a significant increased duration of the curve after 

treatment. . 

Thee mean body temperature curves are shown in Figure 13. The mean time (  SD) of the 

minimumm of the fitted temperature curve before treatment was 04:40h  36.1 min. After 

treatmentt this was 04:llh  62.4 min, which was not significantly earlier than the value 

beforee treatment (tn = 1.60, p=0.133). Employing half an hour as the minimal value for the 

establishmentt of a phase shift, 6 patients showed an advance of their temperature curve, 3 

patientss a phase delay, and 5 patients no change. 
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FigureFigure 13: Mean body temperature curves from the DSPS patients (n-14) before and after 
treatment treatment 
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Correlationn matrices 

Inn an attempt to test any differential effect of melatonin treatment upon the different 

featuress of the melatonin curve, correlations were calculated between the values before and 

afterr treatment, as shown in Table 6. 
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TableTable 6: Pearson correlations for the parameters of the melatonin curves, before (data in 
frontfront of'/') and after (data behind '/') treatment. 
ParametersParameters are explained in the text under 'analysis' (n=25). 
**  P <0.05 (2-tailed) 
****  P < 0.01 (2-tailed) 

Parameterr DLMO Start time Stop time Peak time 

DLM O O 

Startt time .92" / .81" 

StopStop time .53"/.26 .68**/.45* 

Peakk time .60"/.28 .65**/.41*  .58**/.67" 

Durationn -.12**/-.54" .17/-.23 .44**/.67**  .25/.37 

Forr DLMO, start time, stop time and peak time the correlation between all parameters, 

exceptt between stop time and peak time, decreased after treatment. This suggests an 

idiosyncraticc effect of melatonin upon the different curve parameters. However, most 

correlationss involving duration increased. 

Correlationn between DLMO and temperature minimum before treatment was 0.41 

(P>0.05;; n=13), after treatment with melatonin the correlation between these two 

parameterss was decreased to 0.32 (P>0.05; n=13). 

Hypnograms Hypnograms 

Thee only hypnogram parameter which was significantly affected by the melatonin 

treatmentt was sleep onset latency. Its mean value decreased from 25.3 min  26.8 min 

duringg placebo to 15.3 min  16.2 min during melatonin (Wilcoxon z2i=3.04, p=0.002). 

Noo significant influences could be found on the other sleep architecture parameters. 

Evenn the sleep onset times were not significantly affected by melatonin (Wilcoxon 

Z2i=1.62,p=0.10). . 
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Actigraphy Actigraphy 

Thee sleep onset times as estimated from the wrist activity records in the 'blind' melatonin 

periodd were 00:03 h  29.6 min (mean  SD) and in the placebo period 00:41 h  31.5 min 

(meann  SD), giving evidence of a significant advance of the sleep period (ti2=3.78, p= 

0.003). . 

SleepSleep log 

Onlyy one sleep log parameter turned out to have changed significantly by melatonin 

treatment.. The patients felt significantly (Wilcoxon Z2i=2.62, p=0.01) more refreshed 

duringg the period of melatonin than placebo. 

Selection Selection 

Sincee the range of DLMO values before treatment of our patients was between 20:40h and 

02:09hh (one outlier of 08:01h) and DLMO in a 'normal population' is between 18:00h and 

21:30hh [23] we selected several parameters from the hypnograms and diaries of those 

patientss that had an original DLMO later than 21:30h (13 women, 7 men). This selection 

resultedd in one extra significant sleep log parameter and one extra significant hypnogram 

parameterr in the group patients with an original DLMO later than 21:30h: mood after 

gettingg up was significantly better during melatonin (Wilcoxon zi9=2.40, p=0.02) and sleep 

onsett was significantly earlier (Wilcoxon zt9=2.28, p=0.03) during the melatonin period 

(meann onset  SD: 00:05h  16.6 min) than in the placebo period (mean onset  SD: 

00:37h  18.1 min). 

Discussion n 

Byy treating DSPS patients with 5 mg of melatonin, administered 5 hours before their 

individuall  DLMO, the onset of their endogenous melatonin production could be advanced 

aboutt 1.5 h. No significant phase advance was observed for offset of the melatonin curve, 

norr for the through of the body temperature curve, however. Actigraphy showed a 

significantt advance of sleep onset during melatonin use. Polysomnography registrations 

showedd a significant decrease of sleep onset latency and a tendency to an earlier sleep onset 

duringg melatonin treatment, which reached statistical significance when only patients with 
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aa DLMO later than 21:30h were selected. In agreement with Dahlitz et al [3], no influence 

off  melatonin on sleep architecture was observed. During melatonin treatment patients felt 

significantlyy more refreshed in the morning. 

Inn previous studies on the effects of melatonin in DSPS patients, melatonin was 

administeredd at fixed times, e.g. at 22:00h in [3] and at 19:30h in [12]. In these studies, 

melatoninn administration caused a significant advance of sleep onset. In addition, in both 

studiess an advance of the wake-up times was observed. A unique aspect of our study 

comparedd to these earlier studies concerns the individual assessment of the time of 

melatoninn administration. In healthy volunteers Lewy et al showed that the advancing 

propertiess of melatonin are maximal if melatonin is administered 5 hours before the onset 

off  the evening rise of the endogenous melatonin production, the so-called Dim Light 

Melatoninn Onset (DLMO) [13]. In the present study we have based our treatment of DSPS 

patientss on this outcome. As judged from our results however, it is not clear, if this 

individualizedd timing gives better clinical effects, compared to the results of experiments 

withh melatonin administration at fixed times [3, 12]. In the latter studies sleep onset was 

advancedd at least to the same or even to a larger extent as compared with the present study. 

Probably,, a larger advance could have been accomplished through a successive 

advancementt of the time of melatonin administration. For, Deacon and co-workers [28] 

havee shown a shift of the endogenous body clock and therefore the phase response curve 

inducedd by a single oral dose of melatonin within one day. In another, single-case study of 

ourr group [29] this has been confirmed. 

Lewyy and Sack [23] pointed out that the use of DLMOO for determining the phase position 

off  the melatonin rhythm has several advantages over other points of the curve. Most 

importantly,, markers which reflect later points of the nocturnal curve may be perturbed by 

processesss causing subsensitivity of beta-adrenergic receptors in the pineal and depletion of 

melatoninn precursors. Therefore DLMO seems to present the best estimate of the timing of 

thee nocturnal melatonin curve. The present study shows that DLMO seems to be an 

appropriatee marker to diagnose DSPS. 

Thee baseline DLMO times of our DSPS patients varied from 20:40h - 02:00h. This range is 

largerr and shifted to a later mean time as compared with the values published for healthy 
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subjectss (18:00h-21:30h [30]) and for patients suffering from winter depression (19:30h-

23:30hh [23, 31]). 

Itt remains to be seen, however, if DLMO is the best parameter to use for the assessment of 

thee effect of melatonin treatment. For our results indicate that the different phase markers 

off  the melatonin curve may be differentially affected by melatonin treatment. Under the 

influencee of melatonin treatment, the shape of the melatonin curve changed, i.e. the rising 

slopee advanced while the falling slope did not, as was reported also by Deacon et al [32]. 

Similarr changes of the shape of the curve have been found before and have led to the 

hypothesiss of the two-oscillator model with an oscillator for the onset of melatonin 

('evening'' oscillator) and for the offset of melatonin ('morning' oscillator) of melatonin 

regulationn [33, 34]. Alternatively, it is a matter of debate whether exogenous melatonin has 

anyy effect at all upon the circadian timing of the endogenous melatonin production [35]. In 

ann attempt to formulate a more parsimonious explanation of the present results, we present 

heree two hypotheses, both in terms of the biochemistry of the pineal. 

Thee first hypothesis is based on the assumption of enzymatic dysfunctioning in DSPS 

patients.. Maybe one of the enzymes involved in the melatonin synthesis is less active in 

DSPSS patients, causing a relatively late start of the melatonin production. Important 

enzymess in the synthesis of melatonin from tryptophane are: N-acetyltransferase (NAT), 

whichh is released by light- induced impulses from the Suprachiasmatic Nucleus (SCN) 

regulatingg the rate of melatonin synthesis [36] and Hydroxylndole-O-Methyl Transferase 

(HIOMT)) [37]. Exogenous melatonin bypasses these enzymes and therefore may allow a 

temporall  recuperation of the enzymatic activity. Within this view, the administration of 

exogenouss melatonin constitutes a masking factor which selectively affects the onset of the 

melatoninn curve. Consequently, after a period of melatonin administration, this enzymatic 

activityy may have been sensitized. This would facilitate the triggering of the synthesis and 

releasee of endogenous melatonin, and thus lead to an advance of its nocturnal rise. It 

shouldd be noted that this hypothesis only involves the rising slope of the melatonin curve, 

andd not its falling slope. In addition, the advance of the rising slope of the melatonin curve 

mayy be due to an increased concentration of one or more precursors of melatonin, which 

hass been build up during treatment. This may lead to a temporarily faster and therefore 

earlierr time of melatonin synthesis when melatonin administration is stopped. In a similar 
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vein,, Claustrat et al [38] explained the significantly lower endogenous melatonin 

concentrationss in depressive patients by their lower serotonin precursor concentrations. 

AA second, more pharmacological explanation of the advance of the start of the nocturnal 

endogenouss melatonin production might be given in terms of a supersensitivity of the a 

andd ft receptors which are involved in the stimulation of the pinealis [36]. Supersensitivity 

off  target organs or proliferation of receptors by pharmacologic agents is described for 

severall  receptors and organs [39]. When the administration of exogenous melatonin is 

stopped,, less stimuli from the SCN may be necessary to start activation of the endogenous 

pathwayy for synthesis and release of melatonin. 

Noo significant influences could be found on the sleep architecture parameters. Actigraphy 

showedd an advance of sleep onset, and polysomnography a decrease of sleep onset latency. 

Ann advantage of actigraphy as compared with polysomnography for determining sleep 

onsett is that actigraphy 1. is less intrusive: and 2. covered three days, and 

polysomnographyy only one day. Therefore actigraphy seems more representative of the 

habituall  sleep-wake behaviour. Considering the absence of a significant advance of the 24 

hh curve of body temperature and offset of the melatonin curve, it seems unlikely that the 

advancee of sleep onset is due to a shift of the circadian oscillator. Although a circadian 

mechanismm cannot be fully excluded by our results, a 'soporific' effect of exogenous 

melatoninn may be a better alternative [40]. Moreover, melatonin appears to improve the 

subjectivee sleep quality and the refreshed feelings in the morning. 

InIn our patients the body temperature trough was not advanced significantly by exogenous 

melatonin.. This is in contrast with the study by Krauchi et al [41], who reported a phase 

advancee of the body temperature rhythm of healthy volunteers after a single administration 

att 18:00h of 5 mg melatonin. In our patients neither the baseline measurements of 

melatoninn and temperature nor the post-treatment measurements showed a correlation. A 

closee relationship between the time of the temperature trough and the time of the peak of 

melatoninn has been demonstrated by Cagnacci et al [14]. The lack of correspondence 

betweenn the responses of the rhythm of melatonin and of body temperature in our patients 

mayy be due to the fact that some of the patients already showed a relatively early 

temperaturee minimum. However, even for a selection of patients with a baseline 
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temperaturee through later than 4:30h we did not find a significant advance of temperature 

minimum. . 

Ozakii  et al [42] reported a mean temperature trough for their DSPS patients at 7:17 h, 

whichh is considerably later than the mean time of 04:40h observed in the present study. 

Thee mean time for the patients in the present study is comparable with the mean time of 

04:566 h observed for the control group of the Ozaki study, and falls midway between the 

throughh times reported for ambulatory recordings of the body temperature rhythms of 

morning-typee and evening-type individuals [43]. So, the temperature trough of oun patients 

wass of no value for diagnosing 

DSPS.. The discrepancy between our results and the results of Ozaki et al. may be due to 

maskingg of temperature. Circadian phase markers such as body temperature or Cortisol are 

easierr influenced by masking effects than melatonin [44]. The finding that neither REM-

sleepp nor body temperature have been changed by the melatonin treatment of our study is 

inn accordance with findings in free-running subjects by Czeisler et al [45]. These authors 

demonstratedd that the occurrence of REM sleep is controlled, by an endogenous circadian 

oscillatorr which is coupled to the one generating the body temperature cycle. The question 

iff  there is a relationship between melatonin and body temperature remains unanswered by 

thee results of our study. Minors et al [46] could not find a link between temperature and 

melatoninn rhythmicity in isolation chamber experiments that imposed a 22.8 h day on their 

subjects.. Sharp et al [47] were also unable to demonstrate a relationship between the shift 

inn temperature rhythm seen in chronically sleep deprived surgical residents, and the 

rhythmm of melatonin. Folkard et al [48] gave oral melatonin in pharmacological doses for a 

monthh and stabilized sleep onset in a blind man without changing the phase of his 

temperaturee rhythm. Strassman et al [49], however, concluded from their study that 

melatoninn secretion contributes to the lowering of core body temperature seen in the early 

morningg in humans, probably due to direct hypothermic effects of melatonin [50]. 

AA final question is if it is possible to discontinue melatonin administration after a period of 

treatmentt without a loss of its clinical effects. In the patients of Dahlitz et al [3] the 

beneficall  effects were lost when treatment was stopped. In three of our patients melatonin 

couldd be discontinued after 6-12 months without a relapse, i.e. a return of the original 

delayedd phase. The difference in characteristics between patients with and those without a 
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relapsee is not clear yet. It might be that melatonin suppletion can only be stopped if the 

temperaturee trough is advanced to the same extent as endogenous melatonin. This 

hypothesiss will be worked out in future studies. 

Literature e 

1.. Weitzman ED, Czeisler CA, Coleman RM, Spielman AJ, Zimmerman JC and Dement, W. Delayed Sleep 

Phasee Syndrome, a chronobiological disorder with sleep-onset insomnia. Arch Gen Psychiat 1981; 38: 737. 

2.. Aldrich MS. Sleep disorders 1. Neurologic Clinics 1996; 14(3): 651-670. 

3.. Dahlitz M, Alvarez B, Vignau J, English J, Arendt J, Parkes, JD. Delayed sleep phase syndrome response 

too melatonin. Lancet 1991; 337: 1121-1124. 

4.. Diagnostic Classification Steering Committee of the American Sleep Disorders Association. The 

Internationall  Classification of Sleep Disorders. Diagnostic and coding manual, 1990; 128-133. 

5.. Regestein QR, Pavlova M. Treatment of Delayed Sleep Phase Syndrome. Gen Hosp Psychiat 1995; 17: 

335-345. . 

6.. Pelayo RP, Thorpy MJ, Glovinsky P. Prevalence of delayed sleep phase syndrome among adolescents. / 

SleepSleep Res1988; 17: 392. 

7.. Ando K, Kripke DF, Ancoli-Israel S. Estimated prevalence of delayed and advanced sleep phase 

syndromes.. J Sleep Res 1995; 24: 509. 

8.. Reiter RJ, Richardson BA. Some pertubations that disturb the circadian melatonin rhythm. ChronobiolInt 

1992;; 9(4): 314-321. 

9.. Rosenthal NE, Joseph-Vanderpool JR, Levendosky AA et al. Phase shifting effects of bright morning light 

ass treatment for delayed sleep phase syndrome. Sleep 1990; 13: 354-361. 

10.. Alvarez B, Dahlitz MJ, Vignau J, Parkes JD. The delayed sleep phase syndrome: clinical and investigative 

findingss in 14 subjects. J Neurol Neurosur Ps 1992; 55: 665-670. 

11.. Czeisler CA, Richardson GS, Coleman RM, Zimmerman JC, Moore-Ede MC, Dement WC, Weitzman 

ED.. Chronotherapy: Resetting the circadian clock of patients with delayed sleep phase insomnia. Sleep 

1981;; 4: 1-21. 

12.. Tzischinsky O, Dagan Y, Lavie P. The effects of melatonin on the timing of sleep in patients with delayed 

sleepp phase syndrome. In: Y Touitou, J Arendt, P Pévet (eds). Melatonin and the pineal gland. From basic 

sciencee to clinical application. Amsterdam, Elsevier Excerta Medica 1993: 351-354. 

13.. Lewy AJ, Ahmed S, Latham Jackson JM Sack RL. Melatonin shifts human circadian rhythms according 

too a phase-response curve. Chronobiol Int 1992; 9(5): 380-392. 

14.. Cagnacci A, Elliott JA, Yen SSC. Melatonin: a major regulator of the circadian rhythm of core 

temperaturee in humans. J Clin Endocrinol Metab 1992; 75:447-452. 

15.. Iguchi H, Kato KI , Ibayashi I. Melatonin serum levels and metabolic clearance rate in patients with liver 

cirrhosis.. J Clin Endocrinol Metab 1982; 54:1025-1027. 



Chapterr 3.1 91 1 

16.. Steindl PE, Finn B, Bcndok B, Rothke S, Zee PC, Blei AT. Disruption of the diurnal rhythm of plasma 

melatoninn in cirrhosis. Ann Intern Med 1995; 123: 274-277. 

17.. Viljoen M, Steyn ME, Van Rensburg BWJ, Reinach SG. Melatonin in chronic renal failure. Nephron 

1992,60:138-143. . 

18.. Dollins AB, Zhdanova IV, Wurtman RJ, Lynch HJ, Deng MH. Effect of inducing nocturnal serum 

melatoninn concentrations in daytime on sleep, mood, body temperature and performance. ProcNath Acad 

SciSci 1994; 91: 1824-1828. 

19.. Carman JS, Post RM, Buswell R, Goodwin FK. Negative effects of melatonin on depression. Am J 

PsychiatPsychiat 1976; 133: 1181-1186. 

20.. Aldhous M, Franey C, Wright J, Arendt J. Plasma concentrations in man following oral absorption of 

differentt preparations. Br JClin Pharmac1985; 19: 517-521. 

21.. Minors DS, Waterhouse JM. The use of constant routines in unmasking the endogenous component of 

humann circadian rhythms. ChronobiolInt 1984; 1(3): 205-216. 

22.. Claustrat B, Geoffriau M, Brun J, Chazot, G. Melatonin in humans: a biochemical marker of the circadian 

clockk and an endogenous synchronizer. NeurophysiolClin 1995; 25: 351-359. 

23.. Lewy AJ, Sack RL. The dim light melatonin onset as a marker for circadian phase position. Chronobiol 

IntInt 1989; 6: 93-102. 

24.. Brown EN, Czeisler CA. The statistical analysis of circadian phase and amplitude in constant-routine core 

temperaturee data. J Biol Rhythm 1992; 7: 177-202. 

25.. Rechtschaffen A, Kales A. A manual of standardized terminology, techniques and scoring system of sleep 

stagess of human subjects. Washington DC. Government Printing Office 1968. 

26.. Sharpley AL, Solomon RA, Cowen PJ. Evaluation of first night effect using ambulatory monitoring and 

automaticc sleep stage analysis. Sleep 1988; 11(3): 273-276. 

27.. Home JA, Pankhurst FL, Reyner LA, Hume K, Diamond ID. A field of sleep disturbance: effects of 

aircraftt noise and other factors on 5,742 nights of actimetrically monitored sleep in a large subject sample. 

SleepSleep 1994; 17(2): 146-159. 

28.. Deacon S, English J, Arendt J. Acute phase shifting effects of melatonin associated with suppression of 

coree body temperature in humans. Neurosci Lett. 1994; 178: 32-34. 

29.. Nagtegaal JE, Kerkhof GA, Smits MG, Swart ACW, Van der Meer YG.Traumatic brain injury-associated 

delayedd sleep phase syndrome: successful treatment with melatonin. Functional Neurology 1997;12 (6), 

345-348. . 

30.. Zaidan R, Geoffriau M, Brun J, Taillard J, Bureau C, Chazot G, Claustrat B. Melatonin is able to 

influencee its secretion in humans: description of a phase-response curve. Neuroendocrinology 1994; 60: 

105-112. . 

31.. Lewy AJ, Sack RL, Miller LS, Hoban TM. Antidepressant and circadian phase shifting effects of light. 

ScienceScience 1987;235:352-354. 

32.. Deacon S, English J, Arendt J. Sensitivity of the human circadian pacemaker to melatonin timed to phase 

delay:: a dose response study. Chronobiol Int 1997; 14: 41. 



Chapterr 3.1 92 2 

33.. Parry BL, Berga SL, Mostofi N, Klauber MR, Resnick A. Plasma melatonin circadian rhythms during the 

menstruall  cycle and after light therapy in premenstrual dysphoric disorder and normal control subjects. J 

BiolBiol Rhythm 1997; 12(1): 47-64. 

34.. Illnerova J, Vanecek J. Two oscillator structure of the pacemaker controlling the circadian rhythm of N-

acetyltransferasee in the rat pineal gland. JComp Physiol 1982; 145: 539-548. 

35.. Czeisler CA. Commentary: evidence for melatonin as a circadian phase-shifting agent. J Biol Rhythms 

1997;; 12(6): 618-623. 

36.. Brzezinski A. Melatonin in humans. New Engl JMed 1997; 336: 186-195. 

37.. Arendt J. Melatonin and the mammalian pineal gland. Chapman and Hall, London. 1995: 161-281. 

38.. Claustrat B, Chazot G, Brun J, Jordan D, Sassolas G. A chronobiological study of melatonin and Cortisol 

secretionn in depressed subjects: plasma melatonin, a biochemical markers in major depression. Biol 

PsychiatPsychiat 1984; 19(8): 1215-1228. 

39.. Goodman Gilman A, Rail TW, Nies AS, Palmer, T. eds. Goodman and Gilman's The Pharmacological 

basiss of therapeutics. 8th edition 1990. Pergamon Press Inc New York. 62-83. 

40.. WirzJustice, A. and Armstrong, S.M, Melatonin: nature's soporific? J. Sleep Res., 1996, 5: 137-141. 

411 Krauchi K, Cajochen C, Mori D, Graw P, Wirz-Justice A. Early evening melatonin and S-20098 advance 

circadiann phase and nocturnal regulation of core body temperature. Am J Physiol 1997; 2272: R1178-

R1188. . 

42.. Ozaki S, Uchiyama M, Shirakawa S, Okawa M. Chronobiology and sleep: Prolonged interval from body 

temperaturee nadir to sleep offset in patients with Delayed Sleep Phase Syndrome. Sleep 1996; 19(1): 36-40. 

43.. Kerkhof GA, Van Dongen HPA. Morning type and evening type individuals differ in the phase position of 

theirr endogenous circadian oscillator. Neurosci. left. 1996; 218: 153-156. 

444 Minors DS, Waterhouse JH. Circadian rhythms and their mechanisms. Experientia 1986; 42(1): 1-13. 

45.. Czeisler CA, Zimmerman JC, Ronda JM, Moore-Ede MC, Weitzman ED. Timing of REM sleep is 

coupledd to the circadian rhythm of body temperature in man. Sleep 1980;2(3):329-346. 

46.. Minors DS, Waterhouse JH, Hume K, Marks M, Arendt J, Folkard S, Akerstedt T. Sleep and circadian 

rhythmss of temperature and urinary excretion on a 22.8 hr 'day'. ChronobiolInt 1988; 5: 65-80. 

47.. Sharp K, Vaughan G, Cosby P, Sewell C, Kennaway D. Alterations of temperature, sleepiness, mood and 

performancee in residents are not associated with changes in sulfatoxymelatonin excretion. / Pineal Res 

1988;5:499-512. . 

48.. Folkard S, Arendt J, Aldhous M, Kennett H. Melatonin stabilises sleep onset time in a blind man without 

entrainmentt of Cortisol or temperature rhythms. Neurosci Lett \990;l 13: 193-198. 

49.. Strassman RJ, Quails CR, Lisansky EJ, Peake GT. Elevated rectal temperature produced by all-night 

brightt light is reversed by melatonin infusion in men. JApplPhysiol 1991; 71(6): 2178-2182. 

50.. Deacon S, Arendt J. Melatonin-induced temperature suppression and its acute phase-shifting effects 

correlatee in a dose-dependent manner in humans. Brain Res 1995; 688: 77-85. 



Chapterr 3.2 93 3 

3.22 THE EFFECT OF MELATONIN ADMINISTRATION ON SLEEP, 

DAYTIM EE SLEEPINESS AND PERFORMANCE AFTER A PERIOD OF 

NIGHTT WORK6 

Summary y 

Thirtyy shiftworkers complaining of after-effects in the period following night work were 

treatedd with melatonin in a double-blind placebo-controlled crossover study. Following 

twoo successive night shift periods, melatonin 5 mg or placebo was administered for three 

consecutivee days, at 19:00 h, starting on the first evening after the last night shift. Twenty-

fourr participants, 8 men and 16 women, completed the study. Eighteen subjects were 

employedd in nursing, six had other occupations. The night shift started between 22:00h 

andd 23:00h and ended 8 or 9 hours later between 06:00 and 08:00h. 

Thee impact of treatment was assessed by the use of a sleep log, actigraphy, the 

measurementt of rectal temperature and the measurement of reaction time and vigilance 

performance.. The results showed that melatonin administration increased the duration of 

nightt sleep (sleep duration with melatonin  SE: 472.3 min  17.1 versus placebo 425.9 

minn  17.6; p<0.05), subjective well-being upon awakening the following morning (3.03

0.144 versus 2.90  0.17; p<0.05), and subjective daytime sleepiness 3 versus 

;; p<0.05). No effect was observed on the timing of sleep onset nor on the phase 

off  the body temperature rhythm. 

Performancee measurements after three days of melatonin intake showed that the vigilance 

decrementt (analysed as a function of four successive 7.5 min blocks) was prolonged ( F3,69 

== 4.77; p<0.01, €=0.333). In addition, the 10% slowest response times in a complex 

reactionn task significantly increased 1 ms versus 3 ms; t.2i=2.27; p<0.05). It 

wass concluded that the results of the present study indicate that the administration of 

melatoninn may reinforce the recovery of sleep quality after a period of night work. 

66 JE Nagtegaal, GA Kerkhof, MG Smits, T van den Heuvel.This chapter is submitted to Chronobiology International. May 

2001 1 
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Introduction n 

Complaintss of insomnia and/or excessive daytime sleepiness are prominent sequelae of 

shiftt work [1]. The Shift Maladaptation Syndrome (SMS) is characterised by (1) chronic 

sleepp disturbance and waking fatigue; (2) gastrointestinal symptoms (e.g., dyspepsia, 

constipation,, diarrhoea), (3) alcohol or drug misuse or abuse, (4) higher accident or near-

misss rates; (5) depression, malaise or personality changes; and (6) problematic 

interpersonall  relationships [2]. These symptoms may appear at any stage of shift work 

experience,, i.e. soon after starting shift work or even after 20 years of well-tolerated shift 

workk [3]. Between 5% and 20% of shift workers develop moderate to severe symptoms 

soonn after starting shift work. Because of health complaints, 20% to 30% of the workers 

quitt shift work within two to three years after having started shift work [4]. 

Somee shift workers mainly complain of after-effects, i.e. problems in the period 

immediatelyy following night work [5]. Meijman et al. [5] reported that the quality of the 

threee night sleeps after a night shift period was significantly worse than that after a 

morningg shift period. Therefore, recovery periods of two or three days might be too short 

too reach full recovery, resulting in the long-term accumulation of a sleep deficit and 

associatedd fatigue. The authors hypothesised that such an accumulation effect may play an 

importantt role in the pathogenesis of SMS. 

Thus,, one might say that in individuals suffering from SMS the adverse effects of night 

workk have generalized in such a way that they never really recuperate. One of the 

measuress to prevent the development of SMS may be to counteract the problems during 

thee period of night work, e.g. by facilitating the adaptation to the shifted sleep period. The 

administrationn of bright light during the early part of the night has been shown to phase 

delaydelay the circadian rhythmicity and thereby improve (day-) sleep and performance in 

subjectss working a simulated night shift [6]. Similar - though weaker - chronobiotic effects 

havee been reported for exogenous melatonin, the analogue of the neurohormone which is 

producedd by the pineal gland during the dark phase of the day-night cycle. When 

administeredd in the early evening, it reportedly causes a circadian phase advance, and 

whenn administered in the early morning, it may induce a phase advance. [7]. It remains to 

bee seen, however, if adaptation should be pursued, especially in case of rapidly rotating 
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shiftt work. Adaptation to night work then would alternate with re-adaptation to a day-

orientedd lifestyle, leading to a more or less permanent state of flux of circadian rhythmicity. 

Ann alternative approach might be to reinforce the re-adaptation after a period of night 

work,, rather than the adaptation during the period of night work. The counteraction of the 

after-effectss then would facilitate the short-term recovery from night work, as well as 

preventt the long-term development of SMS. Melatonin might contribute significantly to 

thiss re-adaptation, especially because not only chronobiotic but also sleep inducing, 

soporificc effects have been reported [8]. Melatonin has been shown to increase subjective 

sleepiness,, independent of the time of administration [9 - 14]. When administered in the 

eveningss of the after night work period, it may (1) have a phase advancing effect, sufficient 

too counteract the small phase delay which is likely to have occurred in the course of the 

nightt work period (chronobiotic effect); and (2) improve sleep by increasing evening 

sleepinesss (soporific effect). 

Thee goal of this study was to assess if melatonin administered in the early evening during 

thee days after a period of night work may act as a countermeasure, by facilitating the 

recoveryy from the effects of night work. Effects on sleep parameters were measured during 

thee days of melatonin intake, while body temperature [15] and daytime performance were 

measuredd after the last day of melatonin intake. 

Methods s 

Subjects Subjects 

Thirtyy subjects suffering from Shift Maladaptation Syndrome (SMS), were included in this 

study. . 

Thee following inclusion criteria were used: 

I.. A minimum of three of the following symptoms of SMS [2] for a period of at least 

11 year during the transition from the night to day shift (the so-called 'after-effects'}. 

(1)) chronic sleep disturbance resulting in sleepiness during the day; 

(2)) gastrointestinal symptoms (e.g., dyspepsia, constipation, diarrhoea); 

(3)) depression, malaise or personality changes; 

(4)) difficult interpersonal relationships; 
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II .. Minimum age of 18 years; 

III .. A minimum of 2 periods of 3 successive night shifts within two months; 

IV.. No medication except for study medication. 

Thee following exclusion criteria were used: 

I.. Sleep disorder unrelated to shift work; 

II .. Use of hypnotics and antidepressives in the month before the start of the study; 

III .. Alcohol use of more than 2 units a day 

IV.. Any prior use of melatonin; 

V.. Liver diseases [16,17]; 

VI .. Renal failure [18]; 

VII .. Severe neurological or psychiatric disorders [9,19]; 

VIII .. Pregnancy or a wish to become pregnant within the study period. 

Thee study was approved by the local Medical Ethical Committee. Before they were 

includedd in the study, informed consent was obtained from all 30 patients. All suspected 

adversee drug reactions were reported. 

Sixx of the thirty patients who entered the study decided to stop before the end of the study, 

basedd on personal circumstances. Eight men and sixteen women finished the study. Several 

parameterss of this group are summarised in Table 7. 

TableTable 7: Parameters of the participants who finished the study (n = 24) 

Parameterr Mean  SD Range 

Agee [years] 

Yearss night shifts [years] 

Periodd between the night shifts [days] 

Numberr of nights in one period [nights] 

Periodd since start of complaints about 'after-

effects'[years] ] 

Periodd of symptoms after one night shift [days] 

39.88  7.8 

14.99  8.5 

26.88 2 

4.88  1.9 

5.99  4.1 

4.55  3.6 

233 -

11 -

77 -

33 -

11 -

22 -

52 2 

32 2 

50 0 

7 7 

15 5 

7 7 
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Eighteenn of the subjects were employed as a nurse, six had other occupations (one 

policeman,, four industrial process operators and one pump attendant). Seven participants, 

alll  nurses, worked in permanent night shifts (seven night shifts, seven days off), the others 

hadd shifts on rotation. Fourteen of the nurses worked 9 hours per night shift (from 22:45h -

7:45h),, the other subjects worked 8 hours per night shift, starting between 22:00h and 

23:00hh and finishing between 6:00h and 7:00h. During both night shift periods the subjects 

attemptedd to fall asleep between 8:00 - 10:00 h. During both after-night shift periods the 

subjectss attempted to fall asleep between 22:30h and 0:30h. Twelve of the twenty-four 

subjectss received melatonin in the first test period and placebo in the second, while the 

otherr twelve received the opposite sequence. There was no significant difference in age or 

otherr subject parameters between the two groups. 

Materials s 

Melatoninn 5 mg (Helsinn Chemicals SA, Biasca, Switzerland) was mixed with 

microcrystallinee cellulose in a gelatine capsule. The placebo consisted of pure 

microcrystallinee cellulose and looked identical to the melatonin capsule. 
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Studyy protocol 

Thee design of the study is illustrated in Figure 14. 

FigureFigure 14: Design of the study 
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Thee study covered a period of 34.4  10.7 days (Mean  SD), with a range of 24 - 56 days. 

Inn this period two consecutive periods of night shift were studied. The 'after-night-shift 

period'period' is defined as: starting at 19:00h on the first evening (day 0) after the last night shift 
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andd ending after the fourth night on the morning of day 4, at 8:00 h. The intake of 

medicationn was started at the beginning of the 'after-night-shift period' at 19:00h (day 0) 

andd repeated the following two evenings (day 1 and day 2). The study medication was 

administeredd in a double-blind, cross-over design. During the 'after-night-shift period', 

activityy monitoring and sleep log recordings were made. Body temperature was recorded 

startingg at 8:00 h of day 3 of the 'after-night-shift period' and ending 24 h later. On the 

afternoonn of day 3 performance tests were administered between 14:00h and 16:00 h. 

Recordingss and Analyses 

Morning-typeMorning-type and evening-type questionnaire 

Att inclusion, all subjects were asked to complete a morning-type / evening-type 

questionnairee [20]. 

SleepSleep log 

Duringg the 'after-night-shift' periods of both conditions the subjects daily recorded the 

followingg sleep-related variables: bed-in time, difficulty of falling asleep (5-points rating 

scale),, estimated time of falling asleep, number of awakenings after sleep onset, time of 

finall  waking-up and subjective quality of sleep (5-points rating scale). During the waking 

partt of the day, mood after getting-up (5-points scale), well-being upon awakening (5-

pointss scale), subjective sleepiness (5-points scale) and napping behaviour were assessed. 

Thee 5 points scale was a linear scale: a score of 1 point was for the worst condition, a score 

off  5 points was for the best condition 

Daytimee sleepiness was rated every two hours. The ratings for 12,14,16,18,20 and 22 h 

weree analysed, after linear interpolation of the missing values. 

Actigraphy Actigraphy 

Duringg the melatonin and placebo conditions the sleep-wake behaviour was verified by 

actigraphyy [21]. The method that was used was similar to the method described before 

[22].. Sleep onset was derived from the wrist activity records as estimated according to the 

algorithmm employed by Home et al [23] (start of the first period of 7 minutes with absolute 
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restt after bed in time). Using the concomitant sleep log data, additional sleep related 

parameterss were calculated: sleep latency, total sleep time, motor activity during sleep 

(averagee number of counts as percentage of the maximum number per epoch) and sleep 

fragmentationn (number of clusters of successive zero-count epochs divided by the total 

numberr of zero-count epochs). 

BodyBody temperature 

Duringg both conditions, on the morning of day 3 of the 'after-night-shift period' at 8:00 h 

ambulatoryy recording of rectal temperature was started. This recording lasted 24 hours and 

wass performed with a Smart Reader Data Logger (ACR Systems Inc) and a probe (Yellow 

Springs,, YSI 401 D), sampling one value every 2 minutes. Ambulatory recording of the 

rectall  temperature rhythm is likely to be confounded by several masking effects associated 

withh sleep and activity. Therefore, the temperature values (240 samples) were 'de-masked' 

usingg the actigraphy data, following a modification of the method described by Minors and 

Waterhousee [24]. 

Thee basic concept of this 'purification method' is that a measured rhythm consists of 

exogenouss and endogenous components that act additionally. The shape and timing of the 

exogenouss component depend upon several factors, including the individual's sleep and 

activityy cycle, sleep lowering the body temperature and different types of activity raising it 

byy different amounts. The endogenous component, whose phase is sought, is assumed to 

bee described by a cosine curve. 

Thee method requires a record of the motor activity in the previous half-hour. The method 

thenn 'purifies' the observed temperature data according to the following rules. Half-hour 

sumss of raw activity data are categorised into 8 categories. The highest category has a 

lowerr limit, which is determined by visual inspection of the amplitude histogram of activity 

values.. The limits for the other 7 categories were determined by dividing the remaining 

rangee of activity values by 7. Subsequently, the temperature data were fitted to a cosine 

curve,, and residuals calculated. For each category separately, the mean residual 'error' was 

usedd to correct the corresponding temperature values. The process of fitting and correcting 

thee temperature data was iterated until a pre-set criterion was reached. The maximum of 

thee fitted curve served as phase estimate of the circadian body temperature rhythm. 
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Performance Performance 

Onn the afternoon of day 3 of the 'after-night-shiftperiod' a vigilance test and two reaction 

timee tests were performed between 14:00 and 16:00 h. 

Thee Mackworth clocktest [26] was used to measure the subjects' vigilance. In this test a 

clockk is shown on a computer screen and a second-hand moves in discrete steps around the 

face.. Each step occurs within a 1-second interval. During the 30 minutes test period, at 

longg and irregular intervals, the hand travelled twice the usual distance in the same amount 

off  time (i.e. in 'double jumps'). The double jumps were defined as targets: 112 in total. The 

subjectt was instructed to press a key within 1 second after the detection of a target. 

Fromm the four different types of response proportions (hits, false alarms, misses, correct 

rejections)) an index of perceptual sensitivity (d') and an index of response bias (log v) were 

calculatedd [26]. In addition, response latencies were recorded. In order to assess any time-

on-taskk effects, response latencies and hit-proportions were analysed as a function of four 

successivee 7.5 minutes blocks. 

Afterr the Mackworth Clocktest, two reaction time tests were administered. In both reaction 

timee tests a dot was shown on the screen. To the left or to the right of the dot the word 

'LEFT'' or 'RIGHT' was shown. In the simple reaction time test (SRT) both the left and 

rightt shift key could be used to react. In the other reaction time test, also called the 

complexx reaction test, the opposite (incompatible) shift key had to be used; so when the 

wordd 'LEFT' was shown one had to press the right shift key and vice versa. Both tests 

containedd 40 trials and took 5 minutes to complete. Before the test started a short 

instructionn followed by eight practice trials was given. 

Analyses s 

Sleepp log and actigraphic variables were analysed by Wilcoxon rank tests, while 

temperature,, vigilance and reaction time data were analysed by t-tests and repeated 

measuress analyses of variances (ANOVA's), with Medication (2) and Time on Task (4) as 

within-subjectss factors (between brackets the number of levels). 

Thee sleepiness ratings were analysed in a repeated-measures ANOVA, with Medication 

(2),, Day (3) and Time of Day (6) as within-subjects factors. Because of potential 

inhomogeneityy of variances and covariance, the degrees of freedom were corrected by 
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usingg the Huynh-Feldt procedure. The original degrees of freedom and the correction 

factorr e are reported whenever applied. 

Results s 

Morning-typeMorning-type and evening-type questionnaire 

Fromm the 24 patients who completed the study, 13 were characterised as 'intermediate 

types'.. Four of the 24 were definite evening-types, 1 was a moderate evening-type, 3 were 

definitee morning-types and 3 were moderate morning-types. 

SleepSleep wake behaviour 

TableTable 8: Significant actigraphy and sleep log results For the after-night- work period. 

Parameter r 

TST,, night 3 

TST,, nights 1-3 

Moodd at bedtime, 
nightss 1-3 

Subjectivee sleep 
quality,, nights 1-3 

Method d 

Sleepp log 

Actigraphy y 

Sleepp log 

Sleepp log 

Resultss placebo 

4222  97 
(n=18) ) 

4266  85 
(n=20) ) 

3.777 + 0.45 
(n=21) ) 

3.266 + 0.54 
(n=21) ) 

Results s 
melatonin n 

4800 + 85 
(n=19) ) 

4722 + 82 
(n=20) ) 

3.477  0.68 
(n=21) ) 

3.599 + 0.58 
(n=20) ) 

Statistics s 

ZZ = -2.54 
pp = 0.011 

ZZ = -2.29 
pp = 0.022 

ZZ = -2.05 
pp = 0.04 

ZZ = -1.95 
pp = 0.05 

Ass can be seen in Table 8 for the third night, total sleep time as derived from the sleep log 

wass significantly longer for the melatonin than for the placebo condition (p<0.05). 

Actigraphyy confirmed this effect of melatonin on total sleep time for the first three nights of 

thee 'after-night-shift period' (p<0.05). No other actigraphy parameters were statistically 

significant.. Two other sleep log parameters, however, differed significantly between the 

conditions:: 'mood before bed-in time' was significantly better for the placebo than for the 

melatoninn condition (pO.05), while people felt significantly 'better upon awakening the 

followingg morning' during melatonin than during placebo treatment (p<0.05). 
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Sleepiness Sleepiness 

Al ll  three main factors had a significant impact upon the sleepiness ratings. During the 

melatoninn condition the subjects reported a higher level of sleepiness than during the 

placeboo condition (mean  SE ) ratings for melatonin vs. placebo: 2.77  0.13 vs. 2.49

0.15;; Fi.u =6.53, p <0.05, e=l.0). Gradually, in the course of the three days of the 'after-

night-shiftnight-shift period', the overall level of sleepiness decreased significantly (F2.28=9.09, p 

<0.01,, e =0.997), following a linear trend (Fi,i4=22.85,p<0.001). As suggested by Figure 

15,, sleepiness was also influenced by the time of day (F5,7o=16.70, p<0.001,e=0.946), with 

aa trend which had significant linear (Fi,i4=71.50, p<0.001) and quadratic components 

(Fi.u=5.46,, p O.05). 

Ass evidenced by significant two-way interactions, these overall effects were not invariant 

withh respect to medication and day of the 'after-night-shift period'. The factor Medication 

interactedd with both the factor Day (F2,28=7.77,p<0.01,€ =1.0) and the factor Time of Day 

(Fs,7o=6.80,p<0.001,ÉÉ =0.927). From Figure 15 it appears that, whereas melatonin gave an 

overalll  increase of sleepiness during day 1, its sleep inducing effect during the following 

twoo days narrowed down to the evening hours. The Day x Time of Day interaction 

(Fio,i4o=4.25,, p< 0.001, e =0.703), finally, corroborates the observation (cf. Figure 15) that 

sleepinesss during the relatively early hours gradually diminished over the three days. 
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FigureFigure 15: Course of sleepiness during day 0, 1, 2. 
SquareSquare is melatonin condition, circle is placebo condition. 
ErrorError  bar is SEM. 
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Performance Performance 

Neitherr the signal detection parameters d' (perceptual sensitivity) and log v (response bias) 

norr the response latencies (overall and 10% slowest), calculated for the vigilance test, 

differedd significantly between the two medication conditions. Analysed as a function of 

fourr successive 7.5 min blocks, the decrement of both the percentage of hits (F3,69=4.77, 

p<0.01,£=0.333)) and response speed (F3,69=16.12, p<0.001,e=0.850) proved statistically 

significant.. The percentage of hits decreased linearly (Fi,23=8.43, p<0.01), with a non-

significantt tendency of a larger decrement for the melatonin condition(cf. Figure 16). 
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FigureFigure 16: The percentage of hits vs time (in blocks of 7.5 min) during the Mac Worth 
ClocktestClocktest during melatonin and placebo. 
ContinuousContinuous line and square is melatonin condition, dashed line and circle is 
placeboplacebo condition. 
TheThe error bars represent Standard Error of the Mean. 
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Whilee the response latencies for the placebo condition only increased from the first to the 

secondd block and levelled off thereafter, the response latencies for the melatonin condition 

appearedd to show a sustained increment from the first to the fourth block (cf. Figure 17). 

Thiss effect of melatonin on the duration of the speed decrement was suggested by a trend 

off a Medication x Time on Task interaction (F3,69=2.62, p<0.10,e=0.75). 
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FigureFigure 17: The response latencies vs. Time (in blocks of 7.5 min) during the MacWorth 
ClocktestClocktest during melatonin and placebo condition. 
ContinuousContinuous line and square is melatonin condition, dshed line and circle is 
placeboplacebo condition. 
TheThe eror bars represent Standard Error of the Mean. 
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Thee results of the two reaction time tests did not show any significant effect, except for the 

slowestt 10% values of the complex reaction time test, which were larger for the melatonin 

conditionn than for the placebo condition (mean  SD for melatonin vs. placebo: 1274  61 

mss vs. 1157  63 ms; t2i=2.27,p<0.05). 

BodyBody temperature 

Melatoninn had no significant effect on the phase of the 24 h body temperature curve, 

neitherr before nor after purification. Mean  SE phase values of the cosine curves fitted to 

thee raw data for the melatonin versus placebo conditions were 15.95  0.40 h vs. 16.01

0.444 h. After purification these values were: 16.05  0.59 h vs. 16.32  0.49 h. 
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Discussion n 

Thee present study shows that in shiftworkers complaining of after-effects in the period 

followingg night work, melatonin administration in the early evening of the three days 

followingg a period of night work increased subjective daytime sleepiness, the duration of 

nightt sleep and subjective sleep quality. No effect was observed on the timing of sleep onset 

norr on the phase of the body temperature rhythm. Vigilance performance and reaction 

speed,, measured on the day following the last melatonin intake, appeared negatively 

affectedd by melatonin. 

Thee results of the present study are in general agreement with those of previous studies 

[27,28],, showing that melatonin induced sleepiness and reduced sleep latency. This is 

confirmedd by a recent review [29], which concluded that melatonin, administered to 

insomniacc patients, reduced sleep latency and/or increased total sleep time and sleep 

efficacy.. Therefore, it appears that the primary complaint of shiftworkers suffering from 

after-effectss can be counteracted successfully by the selective use of melatonin. 

Sleepinesss ratings showed that the subjects in our study felt significantly more sleepy 

duringg the day after their first intake of melatonin, an effect that narrowed down to the 

eveningss of the following two days. The increased sleepiness during the first day may 

resultt from a reinforcing impact of melatonin on the effect of sleep deprivation 

accumulatedd during the previous days of nightwork. As for the evening rise in sleepiness 

duringg the following two days, this may only partly be attributed to higher plasma 

concentrationss of melatonin during the evening, since the elimination half-life of melatonin 

iss only about 30-45 minutes [30], Additional mechanisms are likely to be involved, such 

ass a neuromodulator effect as suggested by Slotten and Krekling [31]. These authors 

discusss several neuromodulator effects induced by exogenous melatonin, as e.g. on 

serotonin,, on opioid peptides, on GABAergic transmission and on norepinephrine 

turnoverr [32]. It is still unknown, however, to what extent these neuromodulator effects 

representt either events downstream of central rhythm generating systems or a focus of 

actionn [32]. 

Wee have hypothesised earlier that the temporarily higher level of serotonin, which may 

resultt from melatonin intake, may play an important role in the shift of the endogenous 
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melatoninn curve [22]. It would be interesting to measure endogenous serotonin levels and 

too see if they are related in some way to those of melatonin and subjective sleepiness. 

Too prevent confounding of the body temperature measurements by the acute temperature 

loweringg effects of melatonin [15], body temperature was only measured the day after the 

lastt evening administration of melatonin. As compared to the placebo condition, the 

melatoninn treatment appeared not to have had any effect on the phase of the body 

temperaturee rhythm. Thus, these results reinforce the scepticism concerning the existence 

off  a circadian phase-resetting effect of melatonin [33]. 

Performancee measurements after three days of melatonin intake showed that the vigilance 

decrement,, which characterises the time course of performance in a sustained attention 

task,, was prolonged. In addition, the 10% slowest response times ('lapses of attention', see 

[34])) in a complex reaction task significantly increased, also suggesting an impairment of 

attention.. Thus, it appears that melatonin lowers the level of attention (arousal), in 

particularr after some 'time-on-task'. In the short run, immediately after the start of the task, 

extraa effort can compensate for the decreased level of arousal. After some time, though, 

effortt wanes which has the effects that performance becomes more dependent upon the 

basall  level of arousal [35], Similar indications of impaired performance as a result of 

melatoninn intake have been reported previously. Dollins and coworkers [9] observed a 

reductionn of the number of correct responses in a Wilkinson vigilance task following 

daytimee administration of melatonin. Suhner et al. [36] assessed the impact of melatonin 

onn driving performance. They found a significant effect on selective attention, measured 1 

hh after afternoon intake of melatonin. In addition, subjective sleepiness was increased, 

especiallyy after a lengthy concentration task. 

AA remarkable aspect of the present results concerns the dissociation of subjective sleepiness 

andd performance. At the time of performance testing, i.e. between 14:00 h and 16:00 h, no 

melatoninn effect on sleepiness was apparent, which suggests that subjects were not aware 

off  any attention deficit. This could mean that melatonin may have affected the ability to 

self-monitorr sustained vigilance performance. A similar conclusion was formulated by 

Arnedtt et al. [37], who compared the effects of prolonged wakefulness and alcohol on 

measuress of subjective sleepiness, simulated driving performance and drivers' ability to 
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judgee impairment. Their findings suggest that drivers have only a modest ability to 

appreciatee the magnitude of performance decrements produced by alcohol. 

Thee results of the present study indicate that the administration of melatonin may 

stimulatee the recovery of sleep quality after a period of night work. Because SMS primarily 

involvess disturbed sleep, melatonin may be used to reduce the symptoms of SMS. 

Furthermore,, it may be speculated that melatonin, if taken systematically during a few 

dayss following each night shift period, may have a prophylactic effect and prevent the 

developmentt of SMS. Such a study would require repeated intraindividual,assessments of 

signss of SMS, in a blind, placebo-controlled design, applied to large groups of subjects. 
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Partt  4 

CLINICA LL  ASPECTS OF MELATONI N 

•• Melatonin improves quality of life in patients with Delayed Sleep Phase Syndrome 

•• Melatonin responsive headache in Delayed Sleep Phase Syndrome 

•• Traumatic brain injury-associated Delayed Sleep Phase Syndrome: successful 

treatmentt with melatonin. 
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4.11 EFFECTS OF MELATONIN ON THE QUALITY OF LIFE IN PATIENTS 

WITHH DELAYED SLEEP PHASE SYNDROME7 

Abstract t 

Objective:: The purpose of this study was to compare health related quality of life of 

Delayedd Sleep Phase Syndrome (DSPS) patients with a random Dutch sample and four 

sampless of patients with other chronic conditions. We also investigated the effectiveness of 

treatmentt with 5 mg of melatonin on the quality of life of DSPS patients. 

Methods:: Forty-three DSPS patients completed a quality-of-life questionnaire (Medical 

Outcomee Study Short Form-36 (MOS SF-36) Health Survey) just before and 2-9 months 

afterr participation in a clinical trial involving the administration of melatonin. Scores were 

comparedd with responses to the same survey by a random Dutch sample and by patients 

withh sleep apnea, clinical depression, migraine and osteoarthritis. 

Results:: MOS SF-36 scales scores were significantly lower in DSPS patients relative to age-

andd gender-adjusted norms for the Dutch sample. Some health dimensions were more 

affectedd and, others less affected, by DSPS compared to the other chronic conditions. 

Melatoninn treatment improved all scales except the scale 'role due to emotional problems'. 

Conclusion:: DSPS has a unique-significant-quality of life burden that seems to be 

improvedd by treatment with melatonin. 

77 JE Nagtegaal, MW Laurant, GA Kerkhof, MG Smits, YG van der Meer, AML Coenen.This chapter is reprinted from the 

Journall  of Psychosomatic Research 2000; 48: 45-50. 
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Introduction n 

Delayedd Sleep Phase Syndrome (DSPS) is an infrequently reported cause of severe 

insomniaa [1], which results from a dysregulation of the circadian sleep-wake rhythm. 

DSPSS is associated with major depression and severely disrupted work or social 

functioning.. It is more resistant to treatment than other sleep disorders [1,2]. The extent to 

whichh health status is impaired in DSPS patients is unknown, nor its change after 

treatment.. In a review article published in 1995, Regestein concluded that treatment is 

difficultt and often multiple and varied treatments are required [3]. 

Recently,, in addition to earlier clinical experiments [4,5], we have demonstrated that in 

DSPSS the endogenous melatonin rhythm is delayed and that 5 mg of exogenous 

melatonin,, administered 5 h before endogenous melatonin starts to increase in dim light 

(Dimm Light Melatonin Onset, or DLMO [6,7]) advances both the endogenous melatonin 

rhythmm and the sleep-wake rhythm. Previously, we concluded that melatonin appears to be 

promisingg treatment for DSPS patients [8]. To determine health status in DSPS patients, 

andd to identify clinically meaningful changes after melatonin treatment, we have studied 

healthh status dimensions measured by a quality of life questionnaire, the Medical Outcome 

Studyy Short Form-36 (MOS SF-36). 

Thee aim of our study in DSPS patients was to establish quality of life and to compare it 

withh a random Dutch sample (n=1063)[9] and groups of patients with other chronic 

diseasess of which it is already known that the quality of life is affected, including sleep 

apneaa (n=95), clinical depression (n=262), migraine (n=546) and osteoarthritis (n=194) 

[10,11]. . 

Second,, we investigated whether melatonin treatment is effective in improving the quality 

off  life of DSPS patients. Finally, we correlated the endogenous melatonin concentration 

withh the different scales of quality of life. 
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Methods s 

Patients Patients 

Includedd in this open trial study were 43 patients (15 men, 28 women) with a mean age 

)) of 34.1  13.9 years. All suffered from DSPS as diagnosed by a neurologist 

specializingg in sleep disorders according to the International Classification of Sleep 

Disorderss (ICSD) criteria [12]. The mean sleep onset time ] as stated by patients at 

theirr first visit to the Sleep Center was 02:04 hours  44 min. Sleep offset was not stated 

precisely,, because this measure differed greatly per day per patient, depending on work, 

dutiess and social circumstances. 

Inn selecting the patients, the following exclusion criteria were used: age under 12 years, any 

priorr use of melatonin; liver diseases [13,14]; renal failure [15]; psychosis; severe neurolo-

gicall  disorders [16,17] and pregnancy or a wish to become pregnant within the study 

period.. The study was approved by the local Medical Ethics Committee. Prior to inclusion, 

informedd consent was obtained from all patients. 

StudyStudy protocol 

Thee study covered a period of 2-9 consecutive months, depending on the time of inclusion. 

Afterr inclusion, patients completed the MOS SF36 questionnaire. Within 1 week after 

completingg the questionnaire, patients were required to stay in a hospital unit where 24 h 

measurementt of melatonin was done. Two weeks later, melatonin treatment was started 5 

hourss before the time that the endogenous melatonin started to increase. On a fixed end-

datee all patients were asked to fil l up the questionnaire again. 

Twenty-fourTwenty-four hour melatonin curves 

Twenty-four-hourr curves of endogenous melatonin production were assessed under semi-

constantt routine conditions [18], 2 weeks before the start of administration of melatonin. 

Inn the first group of 20 patients, melatonin production was hourly measured in serum, 

whereass in the latter 23 patients, melatonin was hourly measured in saliva. When the 

salivaa sampling method became available and was validated by us [19], the medical ethics 
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committeee ordered to switch from serum to saliva sampling, because this is less invasive. 

Thee conditions during sample taking and the methods of analysis have been described 

elsewheree [19, 20]. The time of administration of melatonin was based on this endogenous 

24-hourr profile. Lewy et al [6,7] showed that the time of the endogenous melatonin 

productionn could be advanced maximally if melatonin was administered 5 hours before the 

timee of the individual Dim Light Melatonin Onset (DLMO). The DLMO was calculated 

ass the time at which the melatonin concentration reached a level of 10 pg/ml in serum [7] 

andd has been validated by us to be 4 pg/ml in saliva for DSPS patients [19]. 

Twoo weeks after assessment of the 24-hour melatonin curves the patients began taking 

orallyy a 5- mg dose of melatonin (Helsinn Chemicals SA, Biasca, Switzerland), mixed with 

microcrystallinee cellulose in a gelatin capsule, every evening 5 hours before the calculated 

individuall  DLMO. 

MOSMOS SF-36 questionnaire 

Thee questionnaire used for measuring physical, functional, mental and social health was 

thee Dutch version of the Medical Outcomes Study Short Form-36 (MOS SF-36)[21-23]. 

Thee MOS SF-36 questionnaire contains 36 items, comprising eight scales and a one-item 

measuree of the change in health. The scale include: physical functioning; social 

functioning;; role disability due to physical problems; role disability due to emotional pro-

blems;; mental health; vitality; bodily pain and general health perceptions [21]. The Dutch 

versionn of the MOS SF-36 has a high validity and reliability compared with the 

Nottinghamm Health Profile and can discriminate between healthy controls and subjects 

whoo suffer from mild health problems [23]. 

Patientss were sent a questionnaire immediately after inclusion in the study, which had to 

bee returned before the admission to the hospital for assessment of the melatonin curve. All 

patientss again completed the MOS SF-36 again after melatonin treatment period that 

variedd from 2 to 9 months, because the endpoint was based on a predetermined end date. 

Therefore,, patients who came in the study 'early' were given longer-term treatment than 

patientss who started later. The scores of the DSPS patients were compared with the Dutch 

populationn (a random sample of n=3000 taken from the Register of Population of which 

thee response was n=1063, consisting of 35% men, 65% women, between 18 and 89 years 

(meann 44.1 years) [9] and to scores of patients with sleep apnea (n=95) [11], clinical 
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depressionn (n=262) [10], migraine (n=546) [10] and osteoarthritis (n=194) [10] (See Table 

99 and). 

Thee item scores of the MOS SF-36 questionnaire were summed to form scale scores and 

transformedd to a 100-point scale. A higher score denotes a higher quality of health. The 

scoress before melatonin treatment were compared with the scores of the same patients after 

treatment. . 

Results s 

Twenty-four-hourTwenty-four-hour curves 

DLM OO ) before treatment occurred at 23:22h 0 min). 

MOSMOS SF-36 questionnaire 

DSPSS patients versus the Dutch sample 

AA t-test for independent variables was used to test whether there were differences between 

thee MOS scores in a random Dutch sample and the DSPS patients before treatment with 

melatonin. . 

Tablee 9 shows that the scores of the MOS SF-36 were significantly lower in DSPS patients 

relativee to the Dutch sample on all scales. Health change was also significantly worse. 

Item-scalee correlation ranged from 0.38 to 0.76 indicating a high degree of internal 

consistencyy for each scale. 
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TableTable 9: Mean SF-36 health survey scores  and effect sizes for DSPS before and 
afterafter treatment and comparison with the random Dutch sample. 
**  p<0.01 
**p<0.05 **p<0.05 

Scalee Random Dutch DSPS patients Effect Siz< 
samplee before treatment (n=43)/ 

(n== 1063) [9] after  treatment (n=43) 

Physicall  functioning 81.9  23.2* 

Sociall  functioning 86.9  20.5* 

Role-physicall  79.4 * 

Role-emotionall  84.1  32.3* 

Mentall  health 76.8  18.4* 

Vitalityy 67.4  19.9* 

Bodilyy pain 79.5 * 

Generall  health 72.7  22.7* 

Healthh change 52.4  19.4* 

71.44 7 0.37 
80.66 * 

54.99  26.2 0.47 
67.22  19.9* 

27.33 8 0.60 
51.77 * 

65.11 6 0.32 
79.11 1 

62.44 2 0.39 
69.88  16.9** 

38.11  17.7 0.76 
51.55  18.9* 

67.00  30.8 0.35 
77.77  24.6" 

55.66  20.4 0.34 
62.66  18.1" 

37.88 7 1.28 

66.99  24.2* 
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TableTable 10: Comparison of mean SF-36 health survey scores  of DSPS patients with 
thosethose of other groups of patients. 
**  p<0.01 
**p<0.05 **p<0.05 

Scalee DSPS Migrain e Depression Sleep apnoea Osteo-
patientss (n=546) [10] (n=262) [10] (n=95) [11] arthriti s 
(n=43)) (n=194) [10] 

Physicall  71.4124.7 83.2118.7*  81.8135.6 75.6123.1 81.9145.9 
Functioning g 

Sociall  54.9126.2 71.1123.3 68.5 138.9 71.6125.2 90.1140.4 
Functioning g 

Role-Physicall  27.3 140.8 54.0144.4*  62.8135.6*  59.0136.6*  66.5 171.0* 

Role-emotionall  65.1 1 43.6 66.5 1 44.4 47.8 1 61.5 62.1 1 41.2 85.5 1 71.0 

Mentall  health 62.4 119.2 66.4118.7*  53.8 + 32.4*  68.8116.8*  76.5 132.0* 

Vitalityy 38.1117.7 50.9121.0*  49.0132.4**  40.2120.9 57.0 141.8* 

Bodilyy pain 67.0130.8 51.3 123.4*  73.6137.2 75.6 123.5 69.7146.0 

Generall  health 55.6120.4 70.1121.0*  63.6129.1 61.1121.7 70.4133.4* 

Healthh Change 37.8122.7 . . . . 

DSPSS patients versus patients with other chronic diseases 

AA t-test for independent variables was used to test whether there were differences between 

thee MOS scores in the DSPS patients before treatment with melatonin and the different 

groupss of patients with a chronic disease. 

Fromm Table 10 it can be seen that the MOS SF-36 scale scores of DSPS patients before 

treatmentt with melatonin were significantly worse than the scores of patients suffering 



Chapterr 4.1 122 2 

fromfrom sleep apnea, clinical depression, migraine and osteoarthritis on two scales (social 

functioning,, role disability due to physical problems). The scores for vitality were equal in 

sleepp apnea and DSPS and significantly better for the other diseases. 

Effectt of treatment with melatonin on DSPS 

Multivariatee Analysis of Variance (MANOVA) was used to test the overall effect of 

melatoninn on the eight scales and the one-item measure of the change in health of the MOS 

SF-366 questionnaire. A repeated-measures MANOVA was applied, with treatment period 

ass the between-subjects factor and pre-treatment versus post-treatment as the within-

subjectss factor. A paired student t-test was used to test whether there was a statistical 

differencee between the MOS SF-36 scores in DSPS patients before and after melatonin 

treatment. . 

AA treatment period varying from 2 - 9 months between patients could be used, because the 

MANOVAA results showed no effect of the duration of the treatment period (Fi,4o=2.77; 

p=0.10),, and no interaction between period duration and pre-treatment versus post-

treatmentt (Fi,4o=0.07; p=0.80). Melatonin treatment had a highly significant effect 

(Fi.4o=7.66;; p=0.009). 

Thee effect of melatonin treatment showed significant improvements for physical functio-

ningg (p=0.001), role disability due to physical problems (p=0.004), bodily pain (p=0.012), 

mentall  health (p=0.011), social functioning (p=0.003), vitality (p=0.001), general health 

perceptionss (p=0.033) and health change (p<0.001). No statistical improvement was seen 

onn role disability due to emotional problems (p=0.060). To detect clinically meaningful 

differencess of the quality-of-life measures before and after treatment with melatonin the 

effectt sizes were calculated using the method recommended by Kazis et al [24], taking the 

meann change in a variable and dividing it by the baseline standard deviation of the 

variable.. An effect size of 1.00 is equivalent to a change of one standard deviation in the 

sample. . 

Ass a benchmark for assessing the relative magnitude of a change, Cohen [25] identified an 

effectt size of 0.2 as small, 0.5-0.8 as moderate and > 0.8 as large. The effect sizes ranged 

fromm 0.32 for role due to emotional problems to 1.28 for health change. 
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Quality-of-lifeQuality-of-life scores and biochemical markers 

Pearson'ss correlation was calculated between the individual DLMO values and differences 

inn scores between before and after melatonin treatment ('treatment effects'). The individual 

DLM OO values before treatment did not correlate significantly with the MOS scores before 

treatmentt (r varied from -0.156 to 0.126; p>0.05) for the different scales. Correlations 

couldd not be found between DLMO before treatment nor between MOS score differences 

beforee or after treatment (r varied from -0.072 to 0.289; p>0.05). 

Discussion n 

Withh respect to the control sample, in DSPS patients, all quality-of-life dimensions were 

evidentlyy impaired. The most affected dimensions involved interference of physical health 

withh usual daily activities ('role-physical scale') and of normal social activities ('social 

functioning')) with the level of fatigue or energy ('vitality'). With respect to other chronic 

diseasess quality of life was impaired mostly in DSPS. Only in depression, general mood 

('mentall  health') and the extent to which emotional problems interfere with usual daily 

activitiess ('role-emotional') were affected more, whereas, with regard to migraine, 'bodily 

pain'' was impaired more. Consequently, DSPS could be considered a disorder that severely 

impairss quality of life. Treatment with melatonin improved all quality-of-life dimensions. 

Thiss improvement was significant for all, except for 'role emotional'. The moderate-to-large 

effectt sizes of the melatonin treatment show that the improvements of the quality-of-life 

dimensionss are of real clinical importance [24]. Melatonin especially improved the 

dimensionss of 'role-physical', 'vitality' and 'health change' scales. 

Thiss study was not performed in a double-blind setting and therefore it cannot be excluded 

thatt factors as extra attention and attendance, as well as recognition of the syndrome, 

playedd a confounding role. However, the long period between starting treatment and 

completingg the MOS SF-36 [26], the size effect of the treatment, and the specific pattern of 

responsess across the different health dimensions make it very unlikely that the effects of 

melatoninn were caused by placebo treatment [11]. 

Fromm this study it is not clear if the improvement could be attributed to melatonin directly 

orr to one or more of the mediators of which the concentration may be altered after 

administrationn of melatonin [20]. 
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Thee main complaints of DSPS patients are insomnia and tiredness. The main complaint of 

sleepp apnea is daytime somnolence. Tiredness and daytime somnolence can be associated 

withh the quality-of-life dimensions Vitality' and 'social functioning' [27]. The similarity 

betweenn DSPS and sleep apnea concerning tiredness and daytime somnolence may explain 

whyy we found no difference between these diseases on the 'vitality' scale. 'Social 

functioning',, however, was significantly worse in DSPS patients. We suppose that this can 

bee explained by the social impact of insomnia. Insomnia patients have a higher rate of 

physicall  illness and a multitude of psychosocial difficulties [28]. Furthermore, insomnia 

increasess mortality rate due to ischemic heart disease, cancer and stroke 1.6-1.7-fold 

[29,30]. . 

Itt can be questioned if the quality-of-life pattern found in our patients could be explained 

fullyy by insomnia and tiredness. Some scales, like 'mental health' (a scale that is typical for 

depressivee and nervous feelings) 'physical functioning' and 'general health', show low 

scoress compared to the other chronic diseases, although they do not seem to be as directly 

relatedd to insomnia and somnolence as the scales 'vitality' and 'social functioning'. 

Therefore,, we suspect that the quality- of-life profile, as found in these patients, is not a 

simplee summation of insomnia and somnolence influences, but may be specifically 

characteristicc of DSPS patients [8], 

'Bodilyy pain' in DSPS patients did not differ from patients suffering from sleep apnea, 

depressionn and, surprisingly, osteoarthritis. As expected patients with migraine score lower 

onn this scale. Despite the fact that DSPS is not associated with pain, the scale 'bodily pain' 

improvedd significantly by treatment with melatonin, although the effect size is relatively 

small.. On the basis of the chemical similarities between the Non Steroidal Anti-

inflammatoryy Dr\7g (NSAID) indomethacin and melatonin [31,32] we hypothesise that 

melatoninn may be an endogenous non-steroidal anti-inflammatory peptide in a manner 

similarr to endorphins, which are endogenous opioid peptides [33]. 

Thee conditions that were selected to compare the quality-of-life profile are useful 

comparisonss because the clinical presentation of each is quite different; that is, some 

patientss with DSPS complain about migraine [34], whereas, in other patients, DSPS 

coincidess with depression [35]. In an earlier study of DSPS patients [3], 75% had previous 

orr present severe depression and 45% were taking antidepressants when they first visited 

thee clinic. This compares with 16% of non-DSPS chronic insomnia patients and 2% of 
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sleepp apnea patients [3]. Experimentally, a delay of sleep has been shown to have a 

negativee effect upon mood [36,37], whereas an advancement of the sleep phase may have a 

positivee effect [38]. On the other hand, depression sometimes coincides with a dissociation 

betweenn Orcadian rhythms [39-41]. Thus, although a close relationship between insomnia 

andd depression has been suggested by several studies using psychiatric evaluation, the 

directionn of this relationship remains unclear. Does chronic insomnia lead to development 

off  depression or does insomnia occur secondary to a depressive illness [42,43]? 

Severall  recent studies on melatonin have presented it as a well-established, effective, well-

toleratedd drug in the treatment of DSPS, whereas conventional treatments with 

benzodiazepines,, antidepressants, vitamin B12 and alcohol have been ineffective [5]. 

Severall  investigators have concluded that melatonin decreases the latency of the sleep 

onset,, advances sleep without affecting sleep architecture, and shifts the endogenous 

melatoninn curve to an earlier timepoint [4,5,8]. Patients have been shown to feel more 

refreshedd in the morning during treatment with melatonin [44]. 

Althoughh we expected that a later DLMO could be improved by melatonin, and therefore 

shouldd result in a larger improvement in quality of life, we did not find such a correlation. 

Thus,, it is not possible to predict the effect of melatonin treatment by the use of DLMO. 

Thee divergent pattern of the MOS SF-36 scores in the DSPS patients and the differing 

effectt of melatonin treatment at the scales suggest that the impairment of quality of life in 

DSPSS cannot be explained merely by insomnia and somnolence. As with DSPS, the 

endogenouss melatonin rhythm is disturbed, probably not only in regard to sleep-wake 

rhythm,, but other physiological diurnal rhythms are also desynchronized. 

AA double-blind, placebo-controlled trial with a broad selection of physiological markers 

mustt be performed to obtain more detailed answers regarding the poor quality of life in 

DSPSS patients and the chronopharmacological mechanism for improvement with 5-mg 

melatoninn treatment administered 5 hours before DLMO. 
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4.22 MELATONIN-RESPONSIVE HEADACHE IN DELAYED SLEEP PHASE 

SYNDROME:: PRELIMINARY OBSERVATIONS8 

Summary. . 

Thee occurrence of headache and its change after treatment with melatonin 5 mg were 

studiedd in 30 patients with Delayed Sleep Phase Syndrome. The medication was taken 5 

hourss before the endogenous nocturnal plasma melatonin concentration had reached 10 

pg/ml. . 

Threee women (14,14 and 23 years) suffered from chronic tension-type headache. Their 

headachee disappeared within 2 weeks after the start of treatment with melatonin. One 54-

year-oldd man suffered from disabling migraine attacks without aura, twice a week. After 

startingg melatonin treatment, only three migraine attacks were reported in 12 months. Ever 

sincee his forties a 60-year- old man complained of cluster headache episodes lasting about 2 

months,, twice a year. In the year since starting melatonin treatment, only one 5 day-cluster 

episodee occurred. Nocturnal melatonin secretion in the patients with Delayed Sleep Phase 

Syndromee and headache did not differ significantly from that in the patients with the sleep 

disorderr but without headache. 

Melatoninn may be helpful in patients with headache who are suffering from Delayed Sleep 

Phasee Syndrome. Its effectiveness may be due to modification of vascular and nociceptive 

systemss or to its chronobiological action which adjusts the patient's biological clock to 

his/herr lifestyle. 

Introduction. . 

Manyy different sleep disorders, including circadian rhythm disorders, are associated with 

headachee [1]. The most frequent circadian disorder is the Delayed Sleep Phase Syndrome 

(DSPS)) characterized by a persistent inability to fall asleep at conventional times. Once 

achieved,, sleep is continuous and its length is normal when the patient is not obliged to 

*JEE Nagtegaal, MG Smits, ACW Swart, GA Kerkhof, YG van der Meer This chapter is reprinted from Headache 1998; 

38:303-307. . 
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maintainn a strict schedule [2]. Melatonin advances the sleep-wake rhythm in patients with 

DSPSS [3,4]. The effect on headache in these patients has not been described previously. 

Wee studied the effects of melatonin 5 mg in 30 consecutive patients with DSPS [5]. AU of 

thesee patients were asked for the presence and type of headache. In this report, we describe 

thee patients with DSPS who suffered from headache. Possible influences of melatonin on 

pathophysiologicall  mechanisms involving headache will be discussed. 

Subjectss and methods 

Al ll  patients participated in a randomized, double-blind, placebo-controlled, cross-over 

studyy investigating the effect of melatonin in Orcadian rhythm disorders [5]. The study was 

approvedd by the local Medical Ethics Committee. All patients gave written informed 

consent. . 

Beforee treatment, the patients were questioned about the occurrence and type of headache. 

Diagnosess were made according to IHS criteria [6]. Endogenous plasma melatonin was 

measuredd every hour for 24 hours under dim light conditions (<100 lux) [7]. 

Eachh patient received 5 mg of melatonin or placebo for the first 14 days; they received the 

oppositee preparation for the next 14 days. After the initial 28 days, all patients received 

melatoninn for a period of at least three months. The medication was taken 5 hours before 

thee time when the endogenous melatonin concentration reached 10 pg/ml. (Dim Light 

Melatoninn Onset; DLMO). At that time, exogenous melatonin maximally advances 

circadiann rhythms [8]. Sleep-wake rhythm was assessed by means of a diary, actography 

[9,10],, and ambulatory cassette EEG [11,12]. Six weeks after the start of the study, a 

controll  24-hour melatonin curve was performed under the same conditions as the first 

time.. During that day the subjects did not take melatonin. Two weeks, 3, 6, 9 and 12 

monthss later, the patients were questioned again about their headache. 

Results s 

Headachee was reported by five patients. 

Patientt 1 is a 54-year-old male engineer who had migraine without aura since childhood. 

Thee frequency of the attacks had increased to two attacks per week in the last five years. 

Att least one day a week, he was not able to work. He took 4 g of paracetamol and 200 mg 

sumatriptann a week. During the day he felt tired. Besides these complaints, his medical 
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historyy was unremarkable. He went to bed at midnight and fell asleep at about 3 a.m. He 

neededd three alarm clocks to wake up at 7.30 a.m. In the weekends, he slept until noon and 

feltt less tired than on workingdays. He stated that he needed the weekends 'to fill  his 

batteries'' for the next week. To his great annoyance his 'batteries were often empty' before 

thee start of the next weekend. For that reason he often reported sick. His neurological and 

biochemicall  examinations were normal. We recorded hypnograms during a weeknight and 

duringg a weekend night. Both hypnograms showed a normal sleep architecture from sleep 

onsett to sleep end time. During the week, the patient slept only about 4 hours per night. 

Onn the weekends, he slept about 9 hours per night, however. 

Thee patient was given information about the influence of sleep on daily functioning. In 

orderr to decrease the migraine, the patient tried to adjust his life-style to his biological 

clock.. Furthermore the patient's company physician asked for the patient's work schedule 

too be adjusted to suit his biological clock. Thus the patient was allowed to start work at 1 

p.m.. and could work a few hours after dinner. 

Threee months later, the frequency of the migraine attacks had decreased to about one 

attackattack a month. The patient did not need his headache medication anymore. 

AA few months later, however, the frequency of the attacks gradually had increased to four 

perr month. Also, his absenteeism increased to 3 days a month. The patient's explanation 

forr the worsening was that he could not miss work in the morning because all important 

workk meetings took place then. He had to attend these meetings in order to work properly. 

Hee had to choose between looking for other work or adjusting his biological clock to the 

demandss of his work. He preferred the latter. Therefore, we included him in our study. He 

receivedd melatonin during the first two weeks. From the second day after the start of the 

melatoninn treatment, he fell asleep much earlier; he still went to bed at midnight, but fell 

asleepp 30 minutes later. Spontaneously, he woke up at 7:30 a.m., feeling refreshed. At the 

weekend,, he awoke at 9:30 a.m.. Migraine did not occur. Two days after the start of the 

placeboo treatment phase, he had trouble falling asleep and awaking again. During this 

placeboo treatment period, three migraine attacks occurred. When he was again treated with 

melatonin,, his sleep pattern reverted to the same as during the first melatonin treatment 

period.. His mood became slightly euphoric. Six weeks after the start of the study, i.e., 2 

weekss after the start of melatonin treatment, the 24-hour melatonin curve was repeated, 
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showingg an advance of 2 hours (Figure 18). Since he started melatonin treatment, only 

threee migraine attacks have occurred. 

FigureFigure 18: Patient 1 

Time(h) ) 

Patientt 2 was a 60-year-old man who, for the last 20 years, had suffered episodes of cluster 

headachee lasting about 2 months, twice a year. From aged 40 to aged 45 he had to travel 

alll  over the world for business. Since that time, he had trouble falling asleep at 

conventionall  times. It was practically impossible to wake up in the morning. During the 

lastt few years, he fell asleep at 5 a.m. and had to awake at 8 a.m. From 1 p.m. he was 

exhausted.. For a year, the cluster headache attacks were successfully treated with oxygen 

att 8 liters per minute for 10 minutes at the beginning of the pain. He used oxygen at home. 

Everyy time when he thought a headache attack had begun, he breathed some oxygen. For 

thee last few months, he took oxygen nearly every day. His neurological and biochemical 

examinationss were normal. His hypnogram showed a normal sleep architecture between 

sleepp onset (5 a.m.) end sleep end (1 p.m.). His DLMO was at 4:23 a.m. 

Hee was included in the study and received melatonin for the first 2 weeks. Once he started 

melatoninn (at 11:30 p.m.), he fell asleep at 1 a.m. and awoke at 9 a.m. During the second 

weekk of the study, he did not need his oxygen. During the 2 weeks of placebo treatment, 

thee old sleep pattern returned and he needed oxygen again. When the melatonin was 

restartedd after this placebo treatment period, the headache disappeared and he returned his 

oxygenn cylinder to the supplier. Two months later, trouble falling asleep started again and 
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aa 5-day cluster headache episode occurred. He was advised to take the melatonin 2 hours 

earlierr in order to advance his endogenous melatonin profile. From that time, he had no 

troublee falling asleep. Nine months later, sleep is still normal and headache has not 

returned.. Because he lived too far from our hospital 'control' melatonin curves have not 

beenn performed. 

Patientt 3 was a 14 year-old schoolgirl who visited our outpatient clinic because of chronic 

tension-typee headache present for 1 year. Her performance at school had diminished 

duringg the previous 6 months. From age of 12, she had trouble falling asleep. She went to 

bedd at 10 p.m. and fell asleep between 1 and 3 a.m. Her parents had to 'pull' her from bed 

everyy morning. Neurological and biochemical examinations were normal. Her 

hypnogramm showed normal sleep architecture between sleep onset (2 a.m.) and sleep end 

(111 a.m.). Dim Light Melatonin Onset was at 10:43 p.m. She was included in the study. 

Withh melatonin treatment, she fell asleep at 8 p.m. and awoke spontaneously at 7 a.m., 

feelingg refreshed. The control melatonin curve showed that DLMO was advanced by 46 

minutes.. The headache disappeared completely within 2 weeks after beginning melatonin 

treatmentt and has not returned one year later. One night she forgot to take melatonin and 

hadd trouble falling asleep and awaking the next morning. 

Becausee the patient felt sleepy at 7 p.m. we determined if the time of administration could 

bee later. Therefore, for two weeks she took melatonin at 7 p.m. and a placebo at 9 p.m., 

followedd by the opposite schedule in a double-blind double-dummy study. It was shown 

thatt both sleep onset and sleep end times were delayed when melatonin was taken at 9 

p.m.. Headache did not reoccur. 



Chapterr 4.2 134 4 

TableTable 11: Summary of five Patients With Headache and Delayed Sleep Phase Syndrome. 
DLMO:DLMO: Time at which nocturnal serum Melatonin concentration reached 10 
pg/ml. pg/ml. 

Patientt AGE/ DLMO DLMO Type of headache Severity of 
SEXX time before advancement headache 

treatmentt after treatment during 
[minii  treatment 

11 54 / M 00:07 120 

22 61 / M 04:23 

33 1 4 /F 20:40 46 

144 / F 22:34 

2 3 /FF 22:18 

56 6 

60 0 

Migrainee without aura decreased 

Clusterr Headache disappeared 

Chronicc Tension-type disappeared 
Headache e 

Chronicc Tension-type disappeared 
Headache e 

Chronicc Tension-type disappeared 
Headache e 

Thee clinical findings of patients 4 and 5 are summarized in Table 11. Like patient 3, they 

receivedd in the first 2 weeks of the study, placebo treatment. During that period the 

headachess remained unchanged. 

Inn all five patients, DLMO (Table) was evidently delayed. In healthy adults, DLMO occurs 

beforee 9:30 p.m. [8]. The mean  SD nocturnal melatonin secretion (404.61 153.1 pg/ml) 

off  the patients with headache did not differ from that of the 25 patients with DSPS without 

headachee (393.8  263.3 pg/ml). 

Diaryy records and actography of the five patients showed a significant advance of sleep-

wakee rhythm during melatonin treatment compared with placebo treatment. The sleep 

architecturee remained normal. 

Comments s 

Ourr patients suffered from severe DSPS, as expressed by the late sleep onset times and 

DLMO.. In all five patients, headache decreased dramatically after administration of 

melatonin.. Therefore, a causative relationship with melatonin treatment is likely. As our 

patientss had different kinds of headache, i.e., migraine without aura, cluster headache and 
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chronicc tension-type headache, melatonin seems to influence basic pathophysiological 

mechanismss involved in headache. 

Loweredd urinary melatonin levels have been reported in patients with cluster headache 

[13,14]]  and in patients suffering from migraine without aura [15]. A double-blind placebo-

controlledd pilot study showed that melatonin is effective in the prophylaxis of cluster 

headachee [16]. Several mechanisms have been suggested to explain the results [16]. 

Melatoninn increases the activation threshold of GABAergic pain circuits that are reduced 

inn cluster headache [17]. It also potentates the inhibitory action of GAB A [18]. Another 

possibilityy is that melatonin influences vasoconstriction [19] by modulation of 5HT2 

receptorss [20] and melatonin receptors in cerebral arteries [21]. Melatonin is also known to 

inhibitt the synthesis of prostaglandin E2 [22], which activates sterile perivascular 

inflammationn in the trigeminovascular system [23]. 

Inn our patients, nocturnal melatonin levels were normal; the marked interindividual 

variationn taken into account [24, 25]. They also did not differ from those of the patients 

withh DSPS who did not suffer from headache. This suggests that melatonin deficiency does 

nott explain the occurrence of headache in our patients. 

Inn all our patients, the sleep-wake rhythm was advanced after melatonin treatment. This 

chronobioticc action [26] synchronized the patients' biological clock to their lifestyle. This 

mayy have resulted in less psychological stress, consequently inducing a decrease of 

headache.. Initially, we tried to adept the life-style to the biological clock in the first 

patient.. This induced the same dramatic decrease of headache. This suggests that reaching 

congruencyy of life-style and biological clock seems to be important in the treatment of 

headachee patients with a disturbed circadian rhythm. 

Biologicall  clock dysfunctions may be expressed as circadian rhythm disorders. The most 

frequentfrequent is DSPS, first described in 1981 [2]. The prevalence in middle-aged adults was 

foundd to be between 0.10 % and 0.28%, with the mean age of onset 15.4 years and mean 

durationn 19.2 years [27]. A survey of adolescents suggested a prevalence of greater than 

7%% [28]. Delayed Sleep Phase Syndrome might be viewed as the extreme end of a 

continuumm of sleep timing changes that affect most adolescents [29]. In adults, DSPS has 

developedd following Epstein-Barr viral infection and prolonged labour [30]. In our second 

patient,, DSPS developed following a period in which he frequently crossed many time 
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zoness in short time. This suggests that frequent interferences to the biological clock also 

mayy induce DSPS. 

Thee original method of treating DSPS is chronotherapy: every consecutive day the patient 

goess to bed and have to wake up 3 hours later until the sleep schedule is realigned with the 

sociall  schedule [31]. This must be followed by a strict adherence to the new schedule. 

Anotherr method is the use of bright light (2500 lux) from 7 a.m. to 9 a.m. [31,32]. The 

thirdd and promising treatment is by the administration of exogenous melatonin. 

Thee human biological clock is situated in the suprachiasmatic nucleus [33,34]. This organ 

stimulatess the pineal gland to synthesize melatonin. Bright light inhibits the production of 

melatoninn [35]. Endogenous melatonin secretion is probably the strongest marker of the 

circadiann rhythm [8]. The onset of nocturnal melatonin secretion is correlated with the 

openingg of the nocturnal "sleep gate", an important condition to be able to fall asleep [36]. 

Exogenouss melatonin seems to be promising in the treatment of DSPS. Dahlitz et al 

reportedd that melatonin was successful in 50% - 75 % of patients, when taken 2 hours 

beforee desired bed time [3], but Lewy and colleagues had found that exogenous melatonin 

maximallyy advances circadian rhythms when given 5 hours before endogenous melatonin 

onsett [8]. We hoped to increase this percentage by the administration of melatonin 

accordingg to their findings. The decrease of the effectiveness of melatonin in the third 

patientt when melatonin was administered 2 hours later, suggests that the time at which 

melatoninn is taken, is clinically important in the treatment of DSPS patients. This is 

supportedd by the experience in the second patient. Melatonin, taken at 11 p.m., probably 

advancedd the endogenous melatonin production and particularly DLMO so much in this 

patient,, that the exogenous melatonin was probably not taken 5 hours before the DLMO. 

Thee case histories described, suggest that it may be worthwhile to ask patients with 

headachee about their sleep-wake rhythm. When there is a combination of complaints of 

insomniaa and trouble awaking at conventional times, DSPS should be suspected. In case it 

iss impossible to adapt the life-style to the biological clock, it is worthwhile to try to adapt 

thee biological clock to the life-style of the patient. Thereafter, chronotherapy, light-therapy, 

orr treatment with melatonin can be considered. When melatonin is to be given, we 

recommendd a 24-hour melatonin profile which can now be easily measured in saliva with 

commerciallyy available radio-immuno-assay methods. This establishes the optimal time of 

melatoninn administration and avoids disturbances of the sleep-wake rhythms [37]. 
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Prospectivee studies on the effects of melatonin in patients with headache with and without 

circadiann rhythm disorders, may reveal if melatonin is effective by modifying vascular and 

nociceptivee systems or by resetting the biological clock. 
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4.33 TRAUMATI C BRAIN INJURY-ASSOCIATED DELAYED SLEEP PHASE 

SYNDROME9 9 

Abstract t 

AA 15-year-old girl developed a prominent delayed sleep phase syndrome (DSPS) following 

traumaticc brain injury. Several physiological markers of the sleep-wake rhythm: plasma 

melatonin,, body temperature, wrist activity and sleep architecture (EEG) were delayed 

almostt half a day, returning to normal after treatment with 5 mg melatonin. 

Thiss report suggests an association between traumatic brain injury and DSPS. Awareness 

off  this phenomenon may result in better possibilities for treatment of patients with brain 

injury. . 

Introduction n 

Delayedd sleep phase syndrome (DSPS) is a disorder in which the major sleep episode is 

delayedd in relation to the desired clock time. This results in symptoms of sleep onset 

insomnia,, difficulty in awakening at desired time and dysfunctioning during the day [1], 

Endogenouss melatonin, a hormone produced by the pineal gland, plays a major role in the 

synchronisationn of circadian rhythms. Small doses of exogenous melatonin bring forward 

thee sleep-wake rhythm in DSPS patients [2]. 

Inn most DSPS patients the aetiology of their condition is unknown. Some DSPS patients 

reportedd that their difficulties began after alterations in the photoperiod such as after a 

periodd of late night studying or partying, or after working in the evening, or following a 

periodd of night shift [1]. 

Wee describe a patient who developed DSPS following a traumatic brain injury. After 

treatmentt of the DSPS the patient's condition improved remarkably. 

99 JE Nagtegaal, MG Smits, ACW Swart, GA Kerkhof, YG van der Meer This chapter is reprinted from Functional 

Neurologyy 1997; 12(6): 345-348. 
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Casee report 

Unexpectedlyy an iron tent pole fell on the back of the head of a 15-year-old girl scout. 

Fromm that time, she suffered headache, neckpain, dizziness and frequent fainting and 

complainedd of loss of memory and concentration. Three days after the accident the girl saw 

colouredd spots and became unconscious. She recovered consciousness spontaneously after 

severall  minutes, complaining about tension headache. At that time she became unable to 

falll  asleep at night. She went to bed at 10 p.m. and fell asleep later and later. She then 

couldd not wake up in the morning, not even with two alarm clocks. 

Sixx weeks after the accident the girl came to the outpatient clinic and medical examination 

showedd that rotation and flexion of the neck were decreased. X-ray of skull and cervical 

vertebrae,, cerebral CT scan, cerebral and cervical MRI, EEG, Hb, Ht, leukocytes and 

thyroidd function were normal. The girl was tired and lacking in initiative but she was not 

depressed. . 

Twoo months after the accident, the girl was falling asleep at 7 am and waking at 4 p.m. 

Untill  the accident she had slept well. She used to go to bed at 10 pm and to wake up at 7 

am. . 

Shee was admitted to hospital for observation. Several sleep markers were studied. A 

hypnogramm showed a normal sleep architecture between sleep-onset (7.15 am) and sleep-

endd (2.05 p.m.). The sleep efficiency was 92.6% and sleep latency (time from light out until 

stagee 1 sleep) was 48 min. Every hour plasma melatonin and every two minutes rectal 

bodyy temperature (rectal probe from Yellow Spring YSI Series 400) were measured for 24 

hourss under semi-constant routine conditions. 

Thee protocol was followed in an attempt to prevent contamination of overt circadian 

rhythmss by 'masking' influences caused by 24-hour variations in motor activity, ambient 

lightt and temperature [3]. A striking feature of the melatonin plasma curve was a 12-hour 

delayy in its peak concentration. As shown in Figure 19 serum melatonin started to increase 

betweenn 8 and 9 a.m. attained a peak value at 6 p.m. and returned to minimum 

concentrationss between 7 and 8p.m. 
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FigureFigure 19: Figure 1:24-hour melatonin concentration before and after treatment with 
melatoninmelatonin at 3.30 a.m. 
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Thee temperature curve was fitted with a harmonic regression function with 24- hour and 

12-hourr components and is shown in Figure 20. The numerically calculated minimum of 

thee fitted curve, which serves as phase estimate of the circadian body temperature rhythm, 

occurredd at 5.30 p.m. 
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FigureFigure 20 24-hour rectal temperature. A: Before treatment. Minimum: 5.30p.m. B: After 
treatmenttreatment with melatonin at 3.30p.m. Minimum 9.59 a.m., which represents 
7.5h7.5h advance. C: Aftertreatment with melatonin at midnight. Minimum: 6.50 

a.m. a.m. 
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Inn order to quantify her sleep-wake behaviour, motor activity was recorded for 3 

consecutivee days by an activity monitor (Gaewiler Electronic), worn on the wrist of the 

nondominantt hand. The monitor counts the occurrences of supra-threshold wrist activity 

perr 30-second epoch. The 24-hour pattern indicates relatively littl e activity from about 5 

a.m.. to 2 p.m., corresponding with the subjectively estimated mean sleep period. The 

resultss are illustrated by Figure 21. 

FigureFigure 21: Wrist activity monitoring. A: Before treatment. Sleep onset: 5.23 a.m. B: After 
treatmenttreatment with melatonin at 3.30 a.m. Sleep onset: 4.25a.m. C: After treatment 
withwith melatonin at midnight. Sleep onset: 1.29 a.m. 
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InIn an attempt to bring forward her circadian rhythmicity, daily oral administration of 

melatoninn 5 mg at 3.30 a.m. was started. The time of melatonin administration was 

determinedd as five hours before the time of the start of the endogenous melatonin 

productionn [4]. After daily use of melatonin for 4 weeks the patient felt much better. She 

felll  asleep at around 5 a.m. and awoke at around noon. 

Melatoninn plasma concentration, wrist activity and rectal body temperature were measu-

redd a second time with no intake of melatonin on the day before and on the day of 

admissionn to hospital. These curves showed an advance compared with the first curves 

(Figuress 19, 20, 21). Based on these curves we advised the patient to take melatonin at mid-

night,, 5 hours before the 'new' start of endogenous melatonin production [4]. She fell 

asleepp between 2 and 3 am. Wrist activity monitoring in this period, showed relatively littl e 

activityy from about 1.30 am til l 10 am. The 24-hour temperature measurement showed a 

comparablee shift. The girl started to go to school in the afternoon. Three months after 

startingg melatonin treatment, she is taking melatonin at 10 p.m. and feels refreshed every 

morning.. Headache and neckpain have disappeared, concentration is better, and she 

attendss school for the full day. 

Discussion n 

Followingg traumatic brain injury our patient developed a marked delay in the circadian 

sleep-wakee rhythm, the body temperature rhythm and the melatonin rhythm, consistent 

withh DSPS. 

Ass far as we know only one case is described where the occurrence of sleep-wake schedule 

disorderr was linked to head injury [5], Patten and Lauderdale describe a 13-year-old boy 

whoo developed a sleep-wake schedule disorder of the delayed type soon after suffering a 

headd injury. However, our case shows that several sleep-related parameters support the 

diagnosiss and while the chronotherapy used by Patten et al resulted in problems of non-

compliancee [5], melatonin treatment was immediately effective in our patient. 

Thee pineal hormone melatonin plays a major role in synchronising circadian rhythms. The 

circadiann pattern of serum melatonin is entrained by light and is controlled by the 

suprachiasmaticc nuclei of the hypothalamus, which represents the endogenous circadian 

rhythm-generatingg system in the brain [6]. The suprachiasmatic nucleus receives direct 

visuall  input from the retina and gives rise to preganglionic fibres, which descend to the 
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intermediolaterall  column of the spinal cord. Finally, postganglionic fibres arising from the 

superiorr cervic ganglia reach the pineal gland [7]. Possibly the trauma had damaged these 

pathways,, which may result in disruption of melatonin excretion [7]. The MRI did not 

showw any damage but would only be expected to detect relatively gross lesions. Melatonin 

maximallyy advances Orcadian rhythms when taken 5 hours before the endogenous 

melatoninn starts to increase [4]. Since melatonin delays circadian rhythms when taken at a 

wrongg time it would appear necessary to evaluate endogenous melatonin secretion before 

treatmentt with melatonin [4,8]. In our patient circadian body temperature phase and time 

off  peak melatonin concentration correspond closely. An ongoing study of DSPS patients 

[9,10]]  will reveal whether determination of the optimal time for treatment with melatonin 

basedd on a 24-hour temperature curve gives same results as optimal time for treatment 

basedd on a serum melatonin curve [9]. 

Thiss case shows that DSPS may be associated with brain injury and that diagnosis may be 

basedd on analysis of the melatonin rhythm or temperature rhythm. To further our 

understandingg of the association between DSPS and head injury we will start a study in a 

largee group of patients with brain injury. 
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5.11 SUMMARY, GENERAL DISCUSSION AND DIRECTIONS FOR FUTURE 

RESEARCH H 

Melatoninn is a neurohormone that is synthesised in the pineal gland, which is located in 

thee brain. During the evening, the secretion of melatonin increases. The maximum 

concentrationn is reached during the night between 01:00 and 05:00 hours and decreases 

thereafterr to serum daytime levels of less than 10 pg/ml. The light-dark cycle acting via the 

retina,, synchronises the rhythm of melatonin secretion to about 24 hours; a so-called 

circadiann rhythm. The mammalian retina has the possibility to synthesise melatonin as 

well,, and this process follows a circadian cycle too [1]. In addition to the effect of light, 

melatoninn secretion also changes with advancing age, with highest night-time 

concentrationss in young children. 

Melatoninn receptors have been found in many tissues like the brain, the retina, the gonads 

andd the uterus. The most significant melatonin receptors are located in the suprachiasmatic 

nucleii  of the hypothalamus and in the pars tubularis of the pituitary gland. The Supra 

Chiasmaticc Nucleus (SCN) is the pacemaker that regulates several circadian rhythms, like 

thee synthesis of melatonin, the synthesis of Cortisol and the behaviour of the body 

temperature.. Compared to the other circadian rhythms, the melatonin rhythm seems 

relativelyy stable and is influenced less by environmental factors. This makes the 

endogenouss melatonin rhythm a reliable parameter. The schematic representation of the 

mainn factors of the regulation of body temperature and melatonin is summarised in Figure 

22. . 

Severall  interesting properties of melatonin have been suggested like: hypnotic , phase 

shifting,, thermoregulatory and free radical scavenging properties. To study exogenous 

melatoninn in man, chemically synthesised melatonin can be used. Melatonin has a 

relativelyy short half-life of 30-60 minutes. The pharmaceutical application and the presence 

off  food in the stomach, determine the time course between intake and peak concentration. 

Melatoninn is hepatically metabolised, mainly to a sulphate product, 6-suIfatoxy-melatonin. 

Inn this thesis physiological and pathophysiological aspects of endogenous melatonin, as 

welll  as pharmacological aspects of exogenous melatonin are described. 
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Twoo central questions in the thesis are: 

•• Which disturbances of the circadian rhythm of melatonin and sleep can be found in 

certainn circadian rhythm sleep disorders of intrinsic and extrinsic origin in a field study 

design? ? 

•• What is the clinical effect in every day life of exogenous melatonin in these disorders? 

Partt 1 is the introduction and gives an overview of the physiological and pharmacological 

effectss of melatonin. It starts with a description of the synthesis of melatonin in the 

pinealocyte.. As explained thereafter, the amplitude or phase of the endogenous melatonin 

rhythmm is influenced by physiological factors, like age and by environmental factors, like 

drugs. . 

Lightt action at night immediately changes several mammalian pineal rhythms like the 

melatoninn rhythm. Besides this direct action of light, light-dark cycles are important for the 

entrainmentt of melatonin, evidenced by the Phase Response Curve. The seasonal changes 

inn melatonin production reflect seasonal variations of light. A deficiency of light exposure 

mayy play a role in several circadian disorders. 

Lightt may be effective in the treatment of several Circadian Rhythm Sleep Disorders 

(CRSD).. However, the use of bright light sometimes is undesirable or inappropriate. 

Thereforee the effects of exogenous melatonin in CRSDs are studied. Most reviewed studies 

substantiatee hypnotic effects of melatonin, however with regard to the chronobiological 

propertiess the outcome is less certain. The last quarter of the introduction deals with the 

sidee effects of melatonin. No death or serious accidents have been reported until now. 

However,, in our studies several secondary effects have been reported. The links of these 

secondaryy effects to pharmacological activity and metabolism of melatonin are discussed. 
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FigureFigure 22: Schematic representation of the main factors of the regulation of two circadian 
rhythms rhythms 
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Inn the second part of the thesis several pharmaceutical aspects of exogenous melatonin are 

highlighted.. Since no pharmacopoeia had a product monograph of this substance, the 

pharmaceuticall  aspects of melatonin have been studied and a product monograph has been 

drawnn up (chapter 2.1V The clinical studies carried out thereafter, have been done with 

melatoninn that was chemically analysed and met the requirements recommended by this 

monograph. . 

Thee registration of Suspected Adverse Drug Reactions (SADR) of unauthorised drugs and 

foodd supplements is not well organised. Therefore in our studies with melatonin all SADR 

weree drawn up, and the SADR of the first 97 melatonin treated Delayed Sleep Phase 

Syndromee (DSPS) patients were published (chapter 2.21. In most studies on the clinical 

effectss of melatonin, adverse drug reactions were scarcely or not mentioned. In our studies 

variouss SADR were reported. The difference between the outcome in earlier studies 

comparedd to ours, could be that some clinical events or complaints may not have been 

recognisedd as melatonin adverse drug reactions. Based on these results a restriction on the 

administrationn of melatonin to patients with defined symptomatology is advised. 

Furthermore,, the time of administration should be based on the endogenous melatonin 

curve.. Medical control is necessary during treatment as well. 
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Fromm our study on the analysis of endogenous melatonin in saliva and serum we have 

foundd that the Dim Light Melatonin Onset (DLMO) of 10 pg/ml in serum, which was 

definedd by Lewy et al [2], is equivalent with a DLMO of 4 pg/ml in saliva (chapter 2.3V 

Thee measurement of melatonin in minimal amounts of saliva offers a valid and practical 

alternativee for invasive blood sampling. 

InIn the third part some chronobiological aspects of melatonin have been reported. Two 

doublee blind placebo controlled trials with a crossover design have been performed in two 

differentt Orcadian rhythm sleep disorders of intrinsic and extrinsic origin, respectively: 

DSPSS and Shift Maldaptation Syndrome. 

Fromm the study in DSPS patients (chapter 3.D. the DLMO of DSPS patients was found to 

bee later than the DLMO of normal subjects. After two weeks of melatonin treatment, taken 

55 hours before the individual DLMO at baseline, the DLMO was advanced approximately 

1.55 hours. Important was the change of the shape of the endogenous melatonin curve: the 

risingg slope advanced, while the falling slope did not. Moreover, the phase of the body 

temperaturee trough did not advance after melatonin treatment. During the period of 

melatoninn intake, significant advances of the sleep onset and decrease of the sleep latency 

havee been found. Patients felt more refreshed in the morning during the melatonin 

treatmentt period as well. The final conclusion is that 5 mg melatonin, administered 5 hours 

beforee the DLMO, advances the sleep onset as well as the start of the endogenous 

melatoninn synthesis. 

Inn the study on the effects of melatonin on shift work (chapter 3.2). thirty shiftworkers 

complainingg of after-effects in the period following night work, were treated with 

melatonin.. Following two successive night shift periods, melatonin 5 mg or placebo was 

administeredd for three consecutive days, at 19:00 h, starting on the first evening after the 

lastt night shift. The results showed that melatonin administration increased the duration of 

nightt sleep, subjective well-being upon awakening the following morning, and subjective 

daytimee sleepiness. No effect was observed on the timing of sleep onset nor on the phase of 

thee body temperature rhythm. A significant extension of the vigilance decrement was 

foundd after three days of melatonin intake. In addition, the 10% slowest response times in 
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aa complex reaction task significantly increased. It was concluded that the administration of 

melatoninn after a night shift, increases the level of sleepiness with positive consequences for 

thee subjective quality of sleep at night and negative consequences for sustained attention 

performancee during the day. 

Partt 4 describes the clinical aspects of melatonin. It is divided into two different sections: a 

qualityy of life study in DSPS patients and some case reports. 

Fromm the study on the quality of life of DSPS patients (chapter 4.11 it was found that with 

respectt to the control sample, in DSPS patients scores on all quality of life dimensions were 

evidentlyy impaired. Further it was striking that with respect to other chronic diseases 

(migraine,, depression, sleep apnoea, osteoarthritis), quality of life was impaired mostly in 

DSPS.. Melatonin improved quality of life scores significantly on almost all scales. No 

correlationn was found between the DLMO and the degree of improvement of the quality of 

life.. It was concluded that DSPS causes a large impairment of the quality of life scores that 

improvedd largely by treatment with melatonin 5 mg. 

Inn the different studies it was observed that delayed sleep onsets occurred in association 

withh several illnesses. Although the aetiology is unknown, it is postulated that the late sleep 

onsett may be a part of the clinical picture. Analogous to studies in depressive patients, 

wheree shifting the sleep onset resulted in improvement of the depression [3], it seemed 

interestingg to see if advance of the delayed sleep onset with melatonin could improve the 

otherr complaints as well. 

Fromm the study on DSPS associated with headache (chapter 4.21 we have found that 

nocturnall  melatonin secretion in patients suffering from DSPS with and without headache 

didd not differ. Treatment with melatonin improved the symptoms of DSPS and moreover 

decreasedd the complaints of the headache patients. 

Fromm the case of a girl with a traumatic-brain injury (chapter 4.31. it was concluded that a 

brainn injury may lead to DSPS related symptoms. Treatment with melatonin administered 

55 hours before the DLMO, shifted the sleep onset and the sleep offset to more societal 

times.. Furthermore it advanced the endogenous melatonin curve and decreased the pain in 

thiss patient. 
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Hypothesis s 

Thee results of the various studies described in this thesis, have led to a hypothesis of the 

pharmacologicall  mechanism of action of melatonin in DSPS. Contrary to the general idea 

thatt DSPS is a circadian rhythm disorder, an alternative explanation may be offered. The 

mainn starting point for this hypothesis is that in DSPS the pathophysiology is caused by a 

delaydelay of the synthesis of melatonin. As a result, the defined DLMO concentration has been 

reachedd at a later clock time. Supposing that a certain minimum concentration is necessary 

too serve as a trigger to initiate sleep, e.g. to open a 'sleep gate' [4], this later DLMO may 

leadd to a later sleep onset. 

AA defect of one or more of the enzymes involved in the melatonin synthesis, might be the 

causee for this delay. However, neither from earlier published studies by other authors, nor 

fromm our own results, we have direct indications for such an enzymatic dysfunctioning. 

Anotherr possibility for the late start of melatonin synthesis may be a deficiency of one of 

thee precursors. The administration of exogenous melatonin could lead to a build-up of a 

temporarilyy depot of one or more precursors of melatonin. After stopping the intake of 

melatonin,, the accumulated precursor could facilitate the synthesis and release of 

endogenouss melatonin, and thus lead to an advance of its nocturnal rise for a period of 

time.. This hypothesis has only consequences for the rising slope of the melatonin curve. 

Onee of the precursors of melatonin is serotonin. Assuming that this is the precursor agent 

thatt is accumulated by therapy with exogenous melatonin, this may be an explanation for 

thee large improvement of 'mood' caused by melatonin as observed in the study on the 

qualityy of life of DSPS patients. This 'precursor hypothesis' may also explain why the 

effectt of melatonm is frequently a temporarily effect: after stopping exogenous melatonin, 

complaintss often return. This 'precursor hypothesis' is illustrated in Figure 23. Other 

interestingg aspects of melatonin, like the quality of life in DSPS patients before and after 

treatmentt with melatonin and the interactions of drugs inhibiting liver enzymes of 

Cytochromee P 450 can be explained as well by this 'precursor hypothesis' and are also 

illustratedd by Figure 23. 

Afterr stopping the intake of melatonin, the 'half life' of the improvement varies between 

patients.. In the 'precursor hypothesis' the amount of serotonin that is available after 

stoppingg treatment may be the determining factor. 
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FigureFigure 23: Precursor hypothesis  ̂ = Facts +=  Hypothesis 
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•• Soporific effect 
•• Decreased sleep latency 
•• Refreshed feelings in the mornings 
•• Improvement Quality of life 

•• Decreased vigilance 

CentralCentral effects: 
PrecursorPrecursor hypothesis: Effects of 
administrationadministration of exogenous melatonin. 

Thee intake of exogenous melatonin 
increasess the total amount of melatonin 
inn the plasma and probably also in the 
pinealocyte.. Therefore less serotonin, an 
importantt precursor of melatonin, is 
neededd to form endogenous melatonin 
duringg the period of administration of 
exogenouss melatonin. When stopping 
thee intake of exogenous melatonin, 
temporarilyy higher serotonin levels 
becomee available for endogenous 
melatoninn production. Therefore less 
'impulsee energy' is necessary. At an 
earlierr time the production of melatonin 
startss and the Dim Light Melatonin 
Onsett has been 'advanced'. 

PeripheralPeripheral effects: Influence of inhibiting 
drugsdrugs of the cytochrome P450 liver 
enzymes. enzymes. 

Too metabolise melatonin in the liver, 
enzymess of cytochrome P450 are 
needed.. These enzymes can be inhibited 
byy several drugs and induced by other 
drugs,, resulting in respectively higher or 
lowerr endogenous melatonin levels. In 
thiss manner administration of inhibiting 
drugss like the Selective Serotonin Re
uptakeuptake Inhibitor fluvoxamine may result 
inn higher endogenous melatonin levels. 
Thiss may lead to same effects as the 
administrationn of exogenous melatonin 
andd may cause a temporally shift of the 
endogenouss melatonin plasma curve to 
earlierr times. 
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Directionss for future research 

Itt has been found that the positive effects of melatonin are often not maintained over time. 

However,, the relapse in most patients is not acute. Dagan et al have described that the pre-

treatmentt falling asleep and waking times of the few patients in whom the relapse was 

immediate,, were significantly later than those of patients in whom the changes were 

retainedd for a longer period of time [5]. In order to gain more insight into the 

pathophysiologyy of DSPS and the mechanism of action of exogenous melatonin, it is 

essentiall  to study the period between stopping melatonin intake and the following relapse. 

Inn this study the time course of the Orcadian rhythm, especially the melatonin curves must 

bee investigated after stopping melatonin administration. A combination with analysis of 

otherr circadian rhythms, like Cortisol and body temperature at same times may offer 

additionall  information of the functioning of the circadian system. To our knowledge, 

nobodyy has studied the day-to-day course of endogenous melatonin curves, during a fixed 

periodd after stopping administration of melatonin. 

Thee 'precursor hypothesis' is not based on chronobiological concepts. From our findings 

andd from studies of various authors, which have been reviewed by Monti et al [6], it has 

becomee clear that especially the soporific effects of melatonin play an important role. 

Chronobioticc properties, when these exist, are not strong enough to shift the body 

temperaturee phase in DSPS patients to the same extend as the endogenous melatonin 

curve,, assuming the curve to be shifted and not transformed. However it is still unclear if 

chronobioticc effects play a role indeed. This could be studied with a comparable design as 

thee placebo controlled study with melatonin in DSPS patients as described in chapter 3.1. 

However,, this design should be adjusted with a third arm, where a 'pure' sleep inducing 

agentt is administered, should give better insight in this subject. Since benzodiazepines may 

interactt with (endogenous) melatonin and some soporifics are reported to have (slight) 

chronobiologicall  properties [7], the sleep inducing agent with a minimum of these 

confoundingg effects must be found before starting this study. 

Ann area that has been relatively neglected and deserves more attention, is the effect of 

melatoninn in children. Several disorders of the circadian rhythm and DSPS in particular 

havee their first occurrence at an early age [8,9]. Therefore the effect of exogenous 
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melatoninn in children with well-defined circadian rhythm sleep-wake disorders, is an 

interestingg field of future research. Recently our group has published a study with short-

termm administration of melatonin in children with chronic sleep onset insomnia [10]. 

However,, caution is warranted in this type of studies since long term effects of melatonin 

inn general and especially in children are not known. 

Fromm our results in the shift-work study it is obvious that the effects of exogenous 

melatoninn on daily performance must be studied further. Before and after melatonin 

administrationn the sleepiness index and several sustained performance indices should be 

studied.. A constant routine setting with longterm monitoring tasks, while measuring EEG 

inn a laboratory is necessary to work out this item. 

Itt is worthwhile to set all the wheels of the biological clock going, by working out the 

mechanismm of action of melatonin. It must be combined with the other known properties 

off  melatonin, like the direct bodytemperature lowering, the pain reducing and the hypnotic 

effects. . 

InIn general more attention must be given to the relationship between the time of dosing of 

drugss and the pharmacological or chronobiological effect. This 'chronopharmacology' is 

underexposedd in many clinical studies and could lead to better effectiveness of several drug 

treatments. . 
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5.22 SAMENVATTING, ALGEMENE DISCUSSIE EN MOGELIJKHEDEN 

VOORR TOEKOMSTIG ONDERZOEK 

InIn de hersenen bevindt zich de pijnappelklier waar het neurohormoon melatonine wordt 

gesynthetiseerd.. Gedurende de avond neemt de productie van melatonine toe. 's Nachts 

wordtt tussen 01.00 en 05.00 uur de maximumconcentratie bereikt. Vervolgens neemt deze 

weerr af tot een serumniveau van minder dan 10 pg/ml overdag. 

Dee licht-donker cyclus synchroniseert via het netvlies het ritme van de melatonine secretie 

tott ongeveer 24 uur; dit wordt het circadiane ritme genoemd. In het netvlies van 

zoogdierenn wordt ook melatonine geproduceerd, en ook dit proces heeft een circadiaan 

verloopp [1]. Naast het effect van licht, verandert de melatonine secretie tevens als gevolg 

vann het ouder worden. Jonge kinderen hebben de hoogste spiegels. 

Melatoninee receptoren zijn in verschillende weefsels gevonden zoals de hersenen, het 

netvlies,, de geslachtsorganen en de uterus. De belangrijkste melatonine receptoren 

bevindenn zich in de suprachiasmatische nuclei van de hypothalamus en de pars tubularis 

vann de hypofyse. 

Dee Supra Chiasmatische Nucleus (SCN) is de pacemaker die verscheidene circadiane 

ritmenn reguleert, zoals de synthese van melatonine, de synthese van Cortisol en het verloop 

vann de lichaamstemperatuur. Vergeleken met andere circadiane ritmen, lijk t de 24 uurs 

afgiftee van melatonine relatief stabiel en weinig onderhevig aan invloeden van buitenaf. 

Hierdoorr is het endogene melatonine ritme een betrouwbare parameter voor 

chronobiologischee studies. De schematische weergave van de belangrijkste factoren die de 

lichaamstemperatuurr en de melatonine afgifte reguleren zijn samengevat in Figuur 24. 

Aann melatonine wordt een aantal eigenschappen toegeschreven zoals: hypnotische, fase 

verschuivende,, temperatuurregulerende en radicalenvangende eigenschappen. Voor het 

onderzoekk van exogeen melatonine bij mensen kan chemisch gesynthetiseerd melatonine 

wordenn toegepast. Melatonine heeft een korte halfwaardetijd van 30-60 minuten. De 

farmaceutischee toedieningsvorm en de aanwezigheid van voedsel in de maag bepalen het 

tijdsverloopp tussen de inname en de topspiegel. Melatonine wordt door de lever geklaard . 

Dee belangrijkste metaboliet is een gesulfateerd product, 6-sulfatoxy melatonine. 
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Inn dit proefschrift zijn de fysiologische en pathofysiologische aspecten van endogeen 

melatonine,, en de farmacologische aspecten van exogeen melatonine beschreven. 

Dee twee centrale vragen in dit proefschrift zijn: 

•• Wat voor veranderingen van het circadiane ritme van melatonine en van slaap kunnen 

inn veldstudies worden gevonden bij bepaalde circadiane slaap ritme stoornissen van 

intrinsiekee en extrinsieke oorsprong? 

•• Wat is het klinisch effect van melatonine bij deze stoornissen in alledaagse toepassing? 

Hoofdstukk 1 is de inleiding en geeft een overzicht van de fysiologische en de 

farmacologischee effecten van melatonine. Allereerst is ingegaan op de synthese van 

melatoninee in de pijnappelkliercellen. Vervolgens is uitgelegd dat de amplitude of de fase 

vann de endogene melatonine curve kunnen worden beïnvloed door fysiologische factoren 

zoalss bijvoorbeeld de leeftijd of omgevingsfactoren zoals geneesmiddelen 

Lichtt gedurende de nacht leidt bij zoogdieren tot onmiddellijke veranderingen van de 

ritmenn van de pijnappelklier, zoals het melatonine ritme. Naast deze directe werking van 

lichtt speelt de licht-donker cyclus een belangrijke rol bij het synchroniseren van het 

melatoninee ritme, bevestigd door een zogenaamde Fase Respons Curve. Seizoensvariaties 

inn melatonine reflecteren de seizoensvariaties in licht. Te weinig blootstelling aan licht zou 

eenn rol kunnen spelen bij een aantal circadiane verstoringen. 

Lichtt kan effectief zijn bij de behandeling van circadiane ritmestoornissen (CRSD). Echter, 

toepassingg van licht is niet altijd gewenst en soms onmogelijk. De effecten van melatonine 

bijj CRSD zijn samengevat. De hypnotische effecten van melatonine zijn weinig 

omstreden,, echter over de aanwezigheid van chronobiotische eigenschappen van 

melatoninee is nog een discussie gaande. 

Hett laatste deel van de introductie gaat over de bijwerkingen van melatonine. Tot nog toe 

zijnn er geen dodelijke of zeer ernstige bijwerkingen bekend. Echter, in onze studies zijn er 

verscheidenee secundaire effecten gemeld. De relaties tussen de secundaire effecten, de 

farmacologischee activiteit en het metabolisme van melatonine zijn besproken. 
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FiguurFiguur 24: Schematische weergave van de belangrijkste factoren bij twee circadiane ritmen. 
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Inn het tweede deel van het proefschrift worden verschillende farmaceutische aspecten van 

exogeenn melatonine belicht. Aangezien in geen enkele farmacopee een productmonografie 

vann melatonine was opgenomen, is gestart met een onderzoek naar de farmaceutische 

aspectenn van melatonine en is een productmonografie opgesteld (hoofdstuk 2. IV Bij het 

klinischh onderzoek dat vervolgens is uitgevoerd, is melatonine toegepast waarvan de 

kwaliteitt voldeed aan deze monografie. 

Bijwerkingenn van ongeregistreerde geneesmiddelen en voedingssupplementen worden niet 

off  nauwelijks gemeld en geregistreerd. Bij onze onderzoeken zijn daarom alle vermoede 

bijwerkingenn van melatonine gerapporteerd. De vermoede bijwerkingen van de eerste 97 

Delayedd Sleep Phase Syndrome (DSPS) patiënten die met melatonine zijn behandeld, zijn 

beschrevenn (hoofdstuk 2.2). In het merendeel van de eerder gepubliceerde klinische studies 

zijnn nauwelijks of geen bijwerkingen van melatonine beschreven. In onze 

patiëntenpopulatiee zijn echter meerdere vermoede bijwerkingen gemeld. De verklaring 

voorr dit verschil kan zijn dat in eerdere studies sommige klinische beelden of klachten niet 

zijnn herkend als bijwerking in relatie tot melatonine gebruik. Op basis van onze resultaten 

wordtt geadviseerd om het tijdstip van de melatonine inname te baseren op de endogene 
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melatoninee curve. De behandeling met melatonine client onder medisch toezicht plaats te 

vinden. . 

Bijj  de analyse van endogeen melatonine in speeksel en serum is gevonden dat de 'Dim 

Lightt Melatonin Onset' (DLMO) van 10 pg/ml in serum, zoals gedefinieerd door Lewy en 

coauteurss [2] equivalent is aan een DLMO van 4 pg/ml in speeksel (hoofdstuk 2.3). De 

bepalingg van melatonine in kleine hoeveelheden speeksel heeft praktische voordelen boven 

dee invasieve bloedafname, welke tevens de patiënt zwaarder belast. 

Inn het derde deel zijn de chronobiologische aspecten van melatonine onderzocht. Twee 

dubbelblindd placebo gecontroleerde onderzoeken met een cross-over opzet zijn uitgevoerd 

bijj  twee verschillende circadiane ritme slaapstoornissen van intrinsieke en extrinsieke 

oorsprong:: respectievelijk het 'Delayed Sleep Phase Syndroom (DSPS)' en het 

Ploegendienstt Syndroom. 

Uitt de studie in DSPS patiënten (hoofdstuk 3.D. is gebleken dat de DLMO van DSPS 

patiëntenn later wordt bereikt dan bij gezonde vrijwilligers. Na behandeling met melatonine 

gedurendee twee weken, ingenomen 5 uur voor de individuele DLMO bij de 

uitgangssituatie,, was de DLMO gemiddeld anderhalf uur vervroegd. Opvallend was de 

veranderingg van de vorm van de endogene melatonine curve: de stijgende curve was 

vervroegd,, terwijl de dalende curve niet was verschoven. Het temperatuursminimum was 

niett vervroegd na behandeling met melatonine. Tijdens de periode waarin melatonine 

werdd gegeven was er een significante vervroeging van het inslaaptijdstip en een afname van 

dee slaaplatentie. Patiënten voelden zich 's morgens ook beter uitgerust gedurende de 

periodee waarin zij melatonine slikten. De eindconclusie was dat behandeling met 5 mg 

melatoninee ingenomen 5 uur voor de DLMO, het inslaaptijdstip en de endogene 

melatoninee aanmaak vervroegt. 

Inn het onderzoek naar de werking van melatonine bij ploegendienst (hoofdstuk 3.2) werden 

dertigg ploegendienstwerkers met klachten in de periode volgend op de nachtdienst, 

behandeldd met melatonine. Melatonine 5 mg of placebo werd ingenomen gedurende drie 

opeenvolgendee avonden, om 19:00 uur tijdens twee opeenvolgende ploegendienst 

perioden.. Er werd gestart op de eerste avond na de laatste nachtdienst. Uit de resultaten 
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blijktt dat inname van melatonine leidt tot een verlenging van de slaapduur. Verder voelen 

patiëntenn zich prettiger voelen als ze ontwaken en zijn ze overdag minder slaperig. Er is 

geenn effect gevonden op het inslaaptijdstip of op de fase van de lichaamstemperatuur. Bij 

metingenn van de lang volgehouden aandacht, drie dagen na de ploegendienst, bleek er met 

melatoninee een significante toename van het vigilantie verval. Tevens waren de 

reactietijdenn van de 10% traagste respons tijden in een complexe taak significant 

toegenomen.. Er werd geconcludeerd dat door inname van melatonine na een periode 

nachtdienst,, de subjectieve slaapkwaliteit toeneemt met positieve gevolgen voor de slaap 's 

nachtss en negatieve gevolgen voor de lang volgehouden aandacht overdag 

Deell  4 beschrijft de klinische aspecten van melatonine. Het is verdeeld in twee 

verschillendee secties: een kwaliteit van leven studie in DSPS patiënten en een aantal casus. 

Uitt de studie naar de kwaliteit van leven bij DSPS patiënten (hoofdstuk 4.1) is gebleken dat 

inn vergelijking met de controle groep, mensen met DSPS een kwaliteit van leven score 

hebbenn die duidelijk is verslechterd. Tevens was het opvallend dat in vergelijking met 

anderee chronische ziekten (migraine, depressie, slaap apnoe en osteoarthritis), de kwaliteit 

vann leven score het meest verslechterd was bij DSPS. Melatonine verbeterde de kwaliteit 

vann leven significant op vrijwel alle schalen. Er werd geen correlatie gevonden tussen de 

tijdd van de DLMO en de grootte van de toename van de kwaliteit van leven score. Op 

grondd van dit onderzoek werd geconcludeerd dat DSPS een aanzienlijke verslechtering van 

dee kwaliteit van leven score veroorzaakt, die verbetert door inname van 5 mg melatonine. 

Tijdenss de verschillende onderzoeken is gebleken dat sommige ziekten gepaard gaan met 

eenn verlaat inslaaptijdstip. Ofschoon de etiologie onbekend is, is gepostuleerd dat een laat 

inslaaptijdstipp onderdeel kan uitmaken van het klinisch beeld. Analoog aan onderzoek in 

depressievee patiënten, waar behandeling van het inslaaptijdstip resulteerde in verbetering 

vann de depressie [3], leek het interessant te onderzoeken of behandeling van het verlate 

inslaaptijdstipp met melatonine, ook zou leiden tot een verbetering van de overige klachten. 

Uitt het onderzoek naar het effect van melatonine op aan DSPS gerelateerde hoofdpijn 

(hoofdstukk 4.2) is gebleken dat de hoeveelheid endogeen melatonine dat gedurende de 

nachtt wordt afgescheiden door DSPS patiënten met en zonder hoofdpijn niet verschilt. 

Behandelingg met melatonine verbeterde de DSPS en verminderde de hoofdpijn aanvallen. 
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Uitt de casus van een meisje met hersenletsel fhoofdstuk 4.3). is geconcludeerd dat 

hersenletsell  kan leiden tot aan DSPS gerelateerde symptomen. Exogeen melatonine, 

toegediendd 5 uur voor de DLMO, normaliseerde het slaap-waak ritme, vervroegde de 

endogenee melatonine curve en verminderde de pijn bij de patiënte. 

Hypothese e 

Dee resultaten van de verschillende onderzoeken welke in dit proefschrift zijn beschreven, 

hebbenn de basis gelegd voor een hypothese voor het farmacologische werkingsmechanisme 

vann melatonine bij DSPS. In tegenstelling tot de algemeen geldende opvatting dat DSPS 

circadianee ritme stoornis is, is een andere mogelijkheid geïntroduceerd. Het belangrijkste 

vertrekpuntt voor deze hypothese is dat bij DSPS de pathophysiologic wordt veroorzaakt 

doorr een te Iaat op gang komen van de synthese van melatonine. Daardoor wordt de 

gedefinieerdee DLMO concentratie later bereikt. Wanneer wordt verondersteld dat een 

zekeree minimum concentratie noodzakelijk is om te dienen als signaal om in slaap te 

vallen,, bijvoorbeeld om de 'slaappoort' [4] te openen, kan deze latere DLMO leiden tot een 

laterr inslaaptijdstip. 

Eenn deficiëntie van één of meer van de enzymen die betrokken zijn bij de synthese van 

melatonine,, is mogelijk een reden voor deze vertraging. Echter, noch eerdere publicaties 

vann andere auteurs, noch onze eigen resultaten, geven een indicatie voor enzymatisch 

disfunctioneren. . 

Eenn andere oorzaak voor de late start van de melatonine synthese zou kunnen liggen in een 

tekortt aan één van de precursors van melatonine. Tijdens de behandeling met exogeen 

melatoninee kan tijdelijk een voon-aad van de precursor worden opgebouwd. Als geen 

melatoninee meer wordt geslikt, vindt, dankzij de geaccumuleerde precursor, de synthese en 

secretiee van melatonine gemakkelijker en daardoor op een vroeger tijdstip plaats. Deze 

hypothesee heeft consequenties voor het stijgende gedeelte van de melatonine curve. Indien 

serotoninee de precursor is die stapelt, zou dit een mogelijke verklaring kunnen zijn voor de 

grotee verbetering van de 'stemming' door melatonine, in het onderzoek naar de kwaliteit 

vann leven bij DSPS patiënten. Deze 'precursor hypothese' verklaart ook waarom het effect 

meestall  weer voorbijgaat: na stoppen van de inname van melatonine, komen de klachten 

vaakk terug. De 'precursor hypothese' is weergegeven in Figuur 25. Andere interessante 
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aspectenn van melatonine, zoals de kwaliteit van leven voor en na behandeling met 

melatoninee en de interacties met geneesmiddelen die de leverenzymen remmen zijn ook 

weergegevenn in Figuur 25. 

Dee duur van de verbetering na stopzetting van de behandeling met melatonine varieert bij 

dee verschillende patiënten. In de 'precursor hypothese' kan de hoeveelheid serotonine na 

stopzettingg van de behandeling een bepalende factor zijn. 
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FiguurFiguur 25: Precursor hypothese •vv = Feiten + = Aannamen 

Centralee effecten Innamee van 
exogeenn melatonine 

Periferee effecten 

Lever r 

Sulphatoxy--
melatonine e 

•• Slaapverwekkend effect 
•• Afname van de slaaplatentie 
•• Verfrist gevoel in de ochtend 
•• Toename van de kwaliteit van leven 

•• Afname van de vigilantie 

CentraleCentrale effecten: Precursor hypothese: 
EffectenEffecten van de toediening van exogeen 
melatonine. melatonine. 

Dee inname van exogeen melatonine 
veroorzaaktt een toename van de totale 
hoeveelheidd melatonine in het plasma en 
mogelijkk ook in de pijnappelkliercellen. 
Dientengevolgee is minder serotonine, 
eenn belangrijke precursor van 
melatonine,, nodig om endogeen 
melatoninee te synthetiseren gedurende 
dee periode van inname van exogeen 
melatonine.. Wanneer de inname van 
exogeenn melatonine stopt, zijn (tijdelijk) 
relatieff grotere hoeveelheden serotonine 
beschikbaar.. Daardoor is minder 'impuls 
energie'' nodig. De productie van 
melatoninee start op een vroeger tijdstip: 
dee 'Start van de melatonine aanmaak' 
(DLMO)) is vervroegd. 

PeriferePerifere effecten: Invloed van 
geneesmiddelengeneesmiddelen die het cytochroom 
P450P450 in de lever remmen. 

Voorr de metabolisering van melatonine 
inn de lever zijn leverenzymen van het 
cytochroomm P450 noodzakelijk. Deze 
enzymenn kunnen worden geremd door 
verschillendee geneesmiddelen en 
gestimuleerdd worden door andere 
geneesmiddelen.. Op deze manier 
kunnenn inhiberende geneesmiddelen, 
zoalss de Selectieve Serotonine Opname 
Remmerr fluvoxamine, resulteren in 
hogeree endogene melatonine spiegels. 
Daardoorr kan dit hetzelfde effect hebben 
alss toediening van exogeen melatonine: 
eenn tijdelijke verschuiving van de 
endogenee melatonine plasma curve naar 
eenn vroeger tijdstip. 
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Toekomstigg onderzoek 

Dee verbetering als gevolg van inname van melatonine is zelden blijvend. De verslechtering 

zett meestal niet direct in. Dagan e.a. hebben beschreven dat de inslaap-, en ontwaaktijden 

voorvoor behandeling bij de mensen die direct terugvielen veel later waren dan bij de mensen 

waarr het effect enige tijd aanbleef [5]. Om beter inzicht te krijgen in de pathofysiologie van 

DSPSS en het werkingsmechanisme van exogeen melatonine, is het essentieel om de 

periodee tussen stopzetting van melatonine inname en de daaropvolgende terugval te 

bestuderen.. In deze studie dient het verloop van het circadiane ritme in de tijd, met name 

vann de melatonine curve, na staken van de inname van melatonine, bestudeerd te worden. 

Eenn combinatie met de analyse van andere circadiane ritmen zoals Cortisol en 

lichaamstemperatuurr op dezelfde kloktijden, levert aanvullende informatie over het 

functionerenn van het circadiane systeem. Volgens ons is nog niet eerder een onderzoek 

gepubliceerdd naar endogene melatonine curven die iedere dag zijn bepaald na stopzetting 

vann de behandeling met exogeen melatonine gedurende een vastgestelde periode. 

Dee 'precursor hypothese' is niet gebaseerd op chronobiologische concepten. Uit ons 

onderzoekk en uit onderzoek van verschillende auteurs, samengevat door Monti e.a. [6], is 

geblekenn dat met name de slaperigheids effecten van melatonine een belangrijke rol spelen. 

Chronobiologischee eigenschappen van melatonine zijn, als ze al bestaan, niet sterk genoeg 

omm in DSPS patiënten de lichaamstemperatuur in dezelfde mate te verschuiven als de 

endogenee melatonine curve, als die al verschoven is en niet uitsluitend op een 

vormveranderingg berust. Het is echter onduidelijk of en in welke mate chronobiologische 

effectenn een rol spelen. Dit zou kunnen worden onderzocht door een onderzoek met een 

vergelijkbaree opzet als het placebo gecontroleerde onderzoek in DSPS patiënten zoals 

beschrevenn in hoofdstuk 3.1. De onderzoeksopzet zou echter uitgebreid moeten zijn met 

eenn derde arm waar een 'zuiver' inslaapmiddel gegeven zou moeten worden. Alvorens met 

dezee studie te starten zou allereerst het slaapmiddel met de minste storende effecten 

moetenn worden gezocht. Zo is bekend dat benzodiazepinen een interactie kunnen aangaan 

mett (endogeen) melatonine en sommige andere inslaapmedicatie (geringe) 

chronobiologischee eigenschappen heeft [7]. 
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Eenn onderzoeksgebied waar tot dusverre weinig aandacht voor was en dat moet worden 

uitgewerktt is het effect van melatonine bij kinderen. Verschillende verstoringen van het 

circadianee ritme, en van DSPS in het bijzonder, starten op jonge leeftijd [8,9]. Het effect 

vann exogeen melatonine in kinderen met goed gedefinieerde circadiane slaap-waak ritme 

stoornissenn vormt een interessante studiebron voor verder onderzoek. Recent heeft onze 

groepp een onderzoek gepubliceerd met kortdurende toediening van melatonine in kinderen 

mett inslaapstoornissen [10]. Echter, voorzichtigheid is geboden bij dit type onderzoek. De 

langee termijn effecten van melatonine in het algemeen en bij kinderen in het bijzonder zijn 

namelijkk nog onvoldoende bekend. 

Uitt onze onderzoeksresultaten in het ploegendienst onderzoek blijkt dat de effecten van 

exogeenn melatonine op dagelijkse functioneren verder uitgezocht moeten worden. Hiertoe 

dienenn voor en na melatonine inname slaperigheids indices en verscheidene vigilantie 

indicess onderzocht te worden. Een constant routine opzet in een laboratorium met 

continuee meting van EEGs is hierbij nodig. 

Hett is de moeite waard om de wijzers van de biologische klok in te stellen door het 

werkingsmechanismee van melatonine verder uit te werken en het te combineren met 

anderee bekende eigenschappen van melatonine, zoals de directe temperatuursverlaging, de 

pijnverminderendee en de hypnotische effecten. 

InIn het algemeen dient meer aandacht te worden besteed aan de samenhang tussen het 

innamee tijdstip van geneesmiddelen en de farmacologische of chronobiologische effecten. 

Dee 'chronofarmacologie' is onderbelicht. In klinisch onderzoek zou de toepassing van deze 

specifiekee kennis kunnen leiden tot een betere effectiviteit van de verschillende 

behandelingenn met geneesmiddelen. 
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5.33 CURRICULUM VITA E 

Elsbethh Nagtegaal werd geboren op 3 augustus 1966 te Rotterdam. In 1984 behaalde zij het 

einddiplomaa Atheneum B aan het Montessori Lyceum te Rotterdam. In datzelfde jaar ving 

zijj  in Utrecht aan met de studie farmacie. In 1989 legde zij het doctoraalexamen af. 

Vervolgenss werkte zij gedurende anderhalf jaar als Assistent In Opleiding (AIO) bij de 

afdelingg Farmacologie aan de Katholieke Universiteit Nijmegen aan het onderzoek: 'De 

roll  van de prejunctionele inhiberende muscarine receptor bij CARA.' Na het overlijden 

vann haar gewezen promotor, prof. dr. CA van Ginneken, startte zij in 1991 alsnog met de 

apothekersopleidingg aan de Rijksuniversiteit Utrecht. Het apothekersexamen werd in 1993 

behaald. . 

Vervolgenss was zij werkzaam als tweede apotheker bij de academische apotheek 

Stevenshoff  in Leiden in een gecombineerde functie als regiocoördinator voor de 

LAndelijkee Registratie en Evaluatie Bijwerkingen (LAREB). 

Inn 1994 startte zij met de opleiding tot ziekenhuisapotheker in een opzet volgens het 

affiliatiee model: Twee jaar in Ziekenhuis de Gelderse Vallei in Ede/ Bennekom/ 

Wageningen,, vervolgens twee jaar in Ziekenhuis Rijnstate in Arnhem (opleiders: drs. YG 

vann der Meer, dr. BAM van Schaik). In het begin van de opleiding werd met het onderzoek 

naarr de verschillende aspecten van melatonine aangevangen in samenwerking met dr. MG 

Smits,, neuroloog. In 1995 is het contact gelegd met prof. dr. GA Kerkhof, hoogleraar 

Psychologiee aan de Universiteit van Amsterdam (vakgroep Psychonomie). Onder zijn 

leidingg is het onderzoek uitgegroeid van registratie onderzoek naar promotie onderzoek. 

Hierbijj  is tevens samengewerkt met prof. dr. AML Coenen (Vakgroep Psychologie, 

Katholiekee Universiteit Nijmegen). 

Inn 1998 vond registratie tot ziekenhuisapotheker plaats op het onderwerp: 'Melatonine bij 

circadianee slaapstoornissen'. In 1999 ontving zij de Sanofi-Winthrop Award voor het 

bestee Engelstalige artikel van leden van de Nederlandse Vereniging van 

Ziekenhuisapothekerss (NVZA) van 1998 voor het artikel: 'Delayed sleep phase syndrome: 

aa placebo-controlled study on the effects of melatonin administered 5 hours before the 

individuall  dim light melatonin onset.' Het onderzoek naar de farmaceutische, 

chronobiologischee en klinische aspecten van melatonine werd voortgezet als 

promotieonderzoek. . 
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Naa haar registratie is zij 3 jaar als ziekenhuisapotheker werkzaam geweest in Ziekenhuis 

Rijnstate.. Sinds het voorjaar van 2001 werkt zij in Ziekenhuis Eemland in Amersfoort met 

alss aandachtsgebied 'Geneesmiddeldistributie en farmaceutische dienstverlening.' 

Zijj  is getrouwd met Guy Franssen. Zij hebben twee zonen: Joep en Luc. 
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5.55 DANKWOORD 

Toenn ik in 1994, op een herfstachtige namiddag in Ziekenhuis de Gelderse Vallei een ruzie 

probeerdee te sussen tussen een apotheker die voor het eerst een recept met melatonine zag 

enn de voorschrijvend arts, Marcel Smits, had ik niet verwacht dat dit zou uitgroeien tot het 

voorliggendd resultaat. Veel, heel veel mensen hebben bijgedragen aan de totstandkoming 

vann dit proefschrift. 

Allereerstt wil ik mijn promotor, Prof. dr. GA Kerkhof, bedanken voor de steun en het 

vertrouwen.. We hebben elkaar leren kennen via de Nederlandse Vereniging voor Slaap 

Waakk Onderzoek (NSWO). Onze eerste samenwerking richtte zich op het maken van een 

protocoll  voor een placebo gecontroleerd onderzoek met melatonine bij patiënten met 

Delayedd Sleep Phase Syndrome. Gerard, jij met je zeer zuivere gevoel voor wetenschap, 

verantwoordd onderzoek doen en je grote kennis van de chronobiologie ging in zee met een 

vreemdee eend op dit vakgebied. Vele discussies hebben we gevoerd over de handicaps en 

dee mogelijkheden van patiëntgebonden onderzoek dat op sommige terreinen botste met 

jouww gebruikelijke werkwijze om dergelijke studies onder gestandaardiseerde condities in 

slaaplaboratoriaa uit te voeren en met mijn analytische achtergrond. 

Eenn stimulerende, enthousiaste en zeer drijvende kracht gedurende de afgelopen zeven jaar 

iss mijn co-promotor geweest: Dr. MG Smits, neuroloog. Marcel, zonder jouw 

doorzettingsvermogen,, enthousiasme en geloof in het onderzoek met melatonine in het 

algemeenn en mij als onderzoeker in het bijzonder, was er geen proefschrift geweest. Na een 

eerderee poging, had ik mezelf voorgenomen geen promotieonderzoek meer te doen. Jij 

geloofdee dat het wel kon. Vol enthousiasme duwde je me af en toe in de schijnwerpers, 

organiseerdee je sponsoring bij de verschillende onderzoeken en hadden we de meest 

bijzonderee bijeenkomsten en etentjes met belangrijke mensen op dit onderzoeksgebied. Af 

enn toe moest ik beroepsmatig het enthousiasme wat temperen, vertraging inlassen of 

anderszinss remmend optreden, maar dat accepteerde je altijd. Naast de 

onderzoeksgebondenn kant was je er samen met Jacqueline ook direct bij om op kraamvisite 

tee komen. Een bijzondere vriendschap waarvan ik hoop dat we deze voort zullen zetten. 
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Drs.. YG van der Meer, ziekenhuisapotheker en opleider, wil ik bedanken voor de steun, 

maarr ook voor de bescherming tijdens dit onderzoek. Gert, je deed er alles aan om ervoor 

tee waken dat ik niet zou struikelen tijdens dit onderzoek en sprak mensen daar ook op aan. 

Jee eerste zorg was mijn registratie tot ziekenhuisapotheker en dat was ook voor mij het 

belangrijkste.. Daarnaast liet je me vrij toen het onderzoek bleek te groeien en de 

mogelijkhedenn voor een promotie toenamen. 

Dr.. ACW Swart, klinisch chemicus en T Peeters, klinisch chemisch analist en de overige 

analistenn van de afdeling Klinische Chemie wil ik bedanken voor de fijne samenwerking. 

Mett name de eerste 4 jaar heb ik met julli e zeer regelmatig contact gehad en overleg 

gevoerd.. Het was voor mij een leerzame ervaring om van dichtbij mee te maken hoe een 

nieuwee klinisch chemische methode in het klinisch chemisch laboratorium wordt opgezet 

enn uiteindelijk bijna een industriële omvang krijgt. Wouter, bedankt voor de kans om op 

dezee manier naast mijn opleiding tot ziekenhuisapotheker ook wat ervaring op te doen op 

hett gebied van de Klinische Chemie. 

Dee KNF afdeling van ziekenhuis de Gelderse Vallei en de verpleegkundigen van de 

Intensivee Care afdeling, ook hen ben ik veel dank verschuldigd voor de registraties van de 

patiëntenn die gedurende 24 uur werden opgenomen voor mijn onderzoek. 

Drs.. P de Waard en A de Jong, analisten van het apotheeklaboratorium, wil ik bedanken 

voorr de vele charges melatonine grondstof en melatonine capsules die ze voor mijn 

onderzoekk hebben geanalyseerd. 

Dee ziekenhuisapotheek van het Wilhelminaziekenhuis in Assen ben ik zeer erkentelijk 

voorr het feit dat ik er onder begeleiding een grote charge melatonine tabletten heb mogen 

slaan. . 

HH Duindam, laboratoriummedewerker van het Fysiologisch laboratorium in Leiden wil ik 

bedankenn voor de inzet waarmee hij de vele dagboekjes van de proefpersonen heeft 

ingevoerdd in de computer en mij de kneepjes heeft geleerd van dit programma en de 

daaraann gelieerde programma's. 
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Prof.. dr. AML Coenen , psycholoog, heeft naast zijn inhoudelijke bemoeienis, met name 

doorr het uitzenden en begeleiden van een aantal goede en gemotiveerde neuropsychologie 

studentenn gezorgd voor de verdere uitbouw die voor een proefschrift noodzakelijk was. 

Mett name Drs. T van den Heuvel en Drs. M Laurant wil ik bedanken voor de intensieve 

enn gezellige samenwerking. Thierry en Maaike, ik ben onder de indruk van julli e opleiding 

enn ben blij dat ik julli e kennis bij de uitvoering van mijn onderzoek heb kunnen toepassen. 

Tevenss wü ik de verschillende NSWO leden waarmee ik in de loop van de tijd een 

intensieverr contact heb gekregen, bedanken. Speciaal wil ik noemen Dr. E van Someren en 

Dr.. M Gordijn. Eus, ik heb de contacten over onze beider onderzoeken als zeer 

motiverendd ervaren. Ik hoop dat nu dit boek er is, ik op de achtergrond weer mee mag 

denkenn met je interessante studie naar de effecten van melatonine bij beginnende dementie. 

Marijke,, jou wil ik bedanken voor je gedegen commentaar op het eerste hoofdstuk. Je gaf 

dee suggesties en opmerkingen waarmee ik daadwerkelijk iets kon. 

OokOok wil ik alle collegae ziekenhuisapothekers waarmee ik in de afgelopen jaren heb 

samengewerktt bedanken. Een drietal wil ik bij naam noemen. Drs. E van Kan en Drs. R 

Franssen:: Erik en Rosiënne, julli e stonden het dichtst bij de basis van het onderzoek. Jullie 

zorgdenn voor de randomisatie van alle studies en dachten en leefden mee. 

Drs.. A van Sorge en de andere Arnhemse collegae, alhoewel het onderzoek niet in 

Arnhemm plaatsvond hebben julli e het met gepast enthousiasme en interesse gevolgd. 

Adriaan,, met jou heb ik nog een leuk wetenschappelijk uitstapje gemaakt naar het effect 

vann melatonine in de ogen. Jammer dat het niet verder van de grond is gekomen, wie weet 

ietss voor een vervolg in de toekomst. 

Mij nn huidige Amersfoortse collegae hebben alleen de laatste loodjes meegemaakt. Hopelijk 

benn ik de afgelopen periode niet te lastig geweest en kunnen we er in Ziekenhuis Eemland 

eenn mooie draai aan geven om een vervolgtraject in te zetten voor de ziekenhuisapothekers 

inn opleiding. 

AA Blokland, stafmedewerker van de apotheek van ziekenhuis Eemland, heeft de 

uiteindelijkee verzorging van de lay-out voor haar rekening genomen. Bedankt Anja, ik 

slaaktee een zucht van verlichting toen je mij dat toezei! 
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Enn dan, na deze woorden van dank voor collegae is er een intiemer groepje mensen waar 

ikk veel van hou en waaraan ik dit boek ook heb opgedragen. Oom Adriaan, of dit 

proefschriftt in mijn 'sterren' stond weet ik niet, maar ik heb jouw financiële steun er goed 

voorr kunnen gebruiken. Mij n ouders, die mij altijd hebben gestimuleerd en hebben 

gevolgd,, ook wanneer mijn stappen afweken van wat de omgeving juist voor mij vond. De 

snelstee weg kan ik meestal niet vinden, maar ik heb dit doel bereikt en daar ben ik julli e 

heell  dankbaar voor. Hans, mijn broer, die al 10 jaar geleden mijn eerste stelling verzon. 

Degenee die de meeste hinder heeft ondervonden van mijn promotiedrang is mijn 

echtgenoot.. Guy, je innerlijke rust, een vorm van onthaasting zoals je mij recent nog 

leerde,, maar met name je vermogen om alles op het gebied buiten ons gezin en onze 

familiee te kunnen relativeren is voor mij van essentieel belang. Juist dit 

relativeringsvermogenn heeft mij de mogelijkheid gegeven dit te kunnen: onderzoek doen, 

beidenn een fulltime baan hebben, samen een gezin runnen en ook nog een sociaal leven 

leiden.. Bij jou horen onlosmakelijk je ouders en zussen met dezelfde eigenschappen 

waardoorr het leven met julli e altijd ongecompliceerd, gezellig en warm is. 

Alss laatste onze jongens: Joep en Luc. Hoe vreemd het ook klinkt, dankzij julli e ligt dit 

boekjee hier. Een aanzienlijk deel van dit proefschrift heb ik namelijk geschreven tijdens 

mijnn twee zwangerschapsverloven. Het afgelopen jaar vonden julli e het wel eens lastig, 

maarr kon ik wel goede afspraken maken om een paar uur te 'mogen' werken.... Totdat ik 

kousenvoetjess op de trap hoorde en Joep voorzichtig kwam vragen of we nu het 

computerspelletje:: 'Joep krijgt een zusje' zouden gaan doen. Joep en Luc: de computer is 

err nu helemaal klaar voor!! 
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Stellingenn behorend bij het proefschrift 
'Pharmaceutical,, chronobiological and clinical aspects of melatonin' 

I. . 
Dee concentratie melatonine op het tijdstip van de Dim Light Melatonin Onset (DLMO) in bloed 
ligtt bij DSPS patiënten een factor 2,5 hoger dan de DLMO in speeksel, 
(ditt  proefschrift hoofdstuk 2) 

II . . 
Bijj  patiënten met het Delayed Sleep Phase Syndrome (DSPS) wordt de DLMO later bereikt dan 
bijj  gezonde vrijwilligers, 
(ditt  proefschrift hoofdstuk: 3). 

m. . 
Melatoninee heeft een negatief effect op de vigilantie en dient daarom te worden afgeraden bij het 
uitvoerenn van eentonige werkzaamheden waarbij langdurig de aandacht moet worden 
vastgehouden. . 
(ditt  proefschrift hoofdstuk: 3). 

rv. . 
Behandelingg van het Delayed Sleep Phase Syndrome (DSPS) met melatonine verbetert de scores 
vann de verschillende kwaliteit van leven indices aanzienlijk, 
(ditt  proefschrift: hoofdstuk 4) 

V. . 
Behandelingg van een verstoord slaap-waak ritme met melatonine kan bij sommige patiënten ook 
anderee klachten, zoals hoofdpijn en nekpijn verminderen, 
(ditt  proefschrift: hoofdstuk 4) 

VI. . 
Dee spierverslapper pancuronium maskeert de prejunctionele muscarine receptor in 
luchtwegweefsell  van de cavia. Dit kan de oorzaak zijn van de (schijnbare) afwezigheid van deze 
receptorenn in luchtwegweefsel van patiënten waarbij deze spierverslapper is toegepast 
(Nagtegaall  JE et al. Lif e Sciences 1995; 57:2325-2333.) 

VII . . 
Dee toedieningstijden van geneesmiddelen in ziekenhuizen zijn veelal niet gestoeld op het 
optimaall  gebruik maken van de biologische klok, maar op de CAO van de verpleging. 

VIII . . 
Inn het land der blinden, kan één oog van belang zijn voor een goed dag-nacht ritme. 



IX. . 
Eenn grens aan de dosis melatonine per toedieningseenheid, waarboven melatonine als 
geneesmiddell  wordt aangemerkt, gaat voorbij aan het grote first-pass effect van de lever. Bij 
toedieningsvormenn die deze leverpassage omzeilen is het mogelijk farmacologische spiegels te 
bereikenn met toegestane doseringen, 
(gebaseerdd op: Jurisprudentie Geneesmiddelenrecht 2000:1:5-7) 

X. . 
'Dee sluizen open voor melatonine?' In Sluis (Zeeland) werd melatonine nog eenjaar na het 
verkoopverbodd in de etalages van drogisten te koop aangeboden. 

XI. . 
Inn de USA is de volgende tekst verplicht voor verpakkingen van voedingssupplementen: 'Dit 
middell  is niet bestemd voor diagnose, genezing of preventie'. Vanwege de vele klinisch bewezen 
effectenn van melatonine is deze tekst onterecht voor preparaten met melatonine. Echter, omdat 
voedingssupplementenn niet worden gecontroleerd op inhoud en zuiverheid kan dit voor veel 
preparatenn die volgens de verpakking melatonine bevatten, wel opgaan, 
(nav:: Anonymous: Herbal Roulette. Consumer Reports 1995:60:698-705) 

XII . . 
Hett gezegde:' Op de juiste tijd op de juiste plaats', is goed bruikbaar voor de toepassing van een 
geneesmiddell  volgens de principes van de chronofarmacologie. 

XIII . . 
Wanneerr de 24-uurs economie zou betekenen dat iedereen op zijn optimale tijden zou kunnen 
slapenn en werken zou een afwijking van het conventionele slaap-waak patroon nauwelijks meer 
problemenn geven. 

xrv. . 
Dee ophef waarmee nieuwe (vaak 'me-too') geneesmiddelen op de markt worden gebracht staat in 
geenn verhouding tot de vrijwel geruisloze afvoer van belangrijke geneesmiddelen met een 
bewezenn effectiviteit, waarvan de fabrikant onvoldoende financieel gewin heeft maar waarvan 
velee patiënten afhankelijk zijn. 

XV. . 
Hett openmaken van reclamemateriaal van de farmaceutische industrie is een morele verplichting 
vann de (ziekenhuis)apotheker, niet vanwege de wetenschappelijke kwaliteit van de inhoud, als 
well  vanwege de scheiding van de plastic omhulling en het papier. 

XVI . . 
Voorr het schrijven van een proefschrift is het essentieel dat de kinderen van de promovendus een 
ongestoordd slaap-waakritme hebben dat is afgestemd op het slaap-werkritme 
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