
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Pharmaceutical, chronobiological and clinical aspects of melatonin

Nagtegaal, J.E.

Publication date
2001

Link to publication

Citation for published version (APA):
Nagtegaal, J. E. (2001). Pharmaceutical, chronobiological and clinical aspects of melatonin.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/pharmaceutical-chronobiological-and-clinical-aspects-of-melatonin(c604ee2f-3080-4f10-a38d-5875752e413b).html


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 
1.1. Dim Light Melatonin Onset (DLMO), 2. Start time, 3. Stop time, 4. Peak 
Time;Time; 5. Duration 

60 0 

50---

40---

I I 
bo o 

a3o---
i i 
o o 
U U 

20---

10---

^ ^ X X 

r r 

I I 

1 1 
++ 2 J J 

10:000 14:00 18:00 22:00 2:00 
Timee of day [h] 

\ \ 

\ \ 

\ \ 
\ \ 

- I—I—I—I—I—I—I—I—II 1—I—I—I—I—I—I—I—I—I—I—I—I—H 
6:00 0 10:00 0 

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. 
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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. 

22 3 

Succesivee blocks of 7.5 min 

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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