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Abstract Treatment of circadian rhythm disorders, whe-

ther precipitated by intrinsic factors (e.g., sleep disorders,

blindness, mental disorders, aging) or by extrinsic factors

(e.g., shift work, jet-lag) has led to the development of a

new type of agents called ‘chronobiotics’, among which

melatonin is the prototype. The term ‘chronobiotic’ defines

as a substance capable of shifting the phase of the circadian

time system thus re-entraining circadian rhythms. Melato-

nin administration synchronizes the sleep–wake cycle in

blind people and in individuals suffering from delayed

sleep phase syndrome or jet lag, as well in shift-workers.

The effect of melatonin on sleep is probably the conse-

quence of increasing sleep propensity (by inducing a fall in

body temperature) and of a synchronizing effect on the

circadian clock (chronobiotic effect). We successfully

employed the timely use of three factors (melatonin treat-

ment, exposure to light, physical exercise) to hasten the

resynchronization after transmeridian flights comprising

12–13 time zones, from an average of 8–10 days to about

2 days. Daily melatonin production decreases with age,

and in several pathologies, attaining its lowest values in

Alzheimer’s dementia patients. About 45% of dementia

patients have severe disruptions in their sleep–wakefulness

cycle. Both in aged subjects having very minimal sleep

disorders as well as in demented patients with a very severe

disorganization of the sleep–wake cycle, melatonin treat-

ment reduced the variability of sleep onset and restored

sleep.
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The circadian clock is one of the most indispensable

biological functions

Many biological functions wax and wane in cycles that

repeat each day, month, or year. Such patterns do not

reflect simply organism’s passive response to environ-

mental changes. Rather, they reflect the organism’s bio-

logical rhythms, that is, its ability to keep track of time

and to direct changes in function accordingly. Because

the earth rotates on its axis, it presents two environ-

ments, i.e., light and darkness; because the earth’s axis

of rotation is tilted, durations of daily periods of dark-

ness and light vary during the course of the year.

Through evolution, animals responded to these environ-

mental changes by preferentially adapting to them. This

is the origin of biological rhythms that repeat approxi-

mately every 24 h, called circadian rhythms (from the

Latin circa, for around, and dies, for day), and of

rhythms that oscillate annually, following the recursive

appearance of the seasons. Thus, when animals switch

between diurnal, nocturnal or seasonal modes of their

behavior, they are not simply responding passively to

changes in external lighting conditions. They are

responding to signals generated by a circadian pacemaker

which is written in their genes that is synchronized with

the cycles of the earth’s rotation, anticipates the transi-

tions between day and night, and triggers appropriate

changes in behavioral state and physiological substrates

[1, 2]. In this way, the circadian pacemaker creates a day

and night within the organism that mirrors approximately

the world outside.
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During the past decade, enormous progress has been

made in determining the molecular components of the

biological clock. The molecular mechanisms that underlie

the function of the clock are universally present in all cells

and consist of gene–protein–gene feedback loops in which

proteins can downregulate their own transcription and

stimulate the transcription of other clock proteins. Al-

though anchored genetically, circadian rhythms are syn-

chronized by (entrained) and maintain certain phase

relationships to exogenous factors, especially the sleep

portion of the light–dark schedule. These rhythms will

persist with a period different from 24 h when external

time cues are suppressed or removed, such as during

complete social isolation or in constant light or darkness

[1–3].

Research in animals and humans has shown that only a

few such environmental cues, like light–dark cycles, are

effective entraining agents (‘Zeitgebers’) for the circadian

oscillator. An entraining agent can actually reset, or phase

shift, the internal clock. Depending on when an organism is

exposed to such an entraining agent, circadian rhythms can

be advanced, delayed, or not shifted at all. Therefore, in-

volved in adjusting the daily activity pattern to the

appropriate time of day is a rhythmic variation in the

influence of the Zeitgeber as a resetting factor.

In mammals, a hierarchically major circadian oscillator

is located in the suprachiasmatic nuclei (SCN) of the

hypothalamus. This circadian master clock acts like a

multifunctional timer to adjust the homeostatic system,

including sleep and wakefulness, hormonal secretions and

various other bodily functions, to the 24-h cycle. Lesions of

the SCN eliminate all circadian-driven rhythms. Inversely,

SCN transplants to animals whose own SCN had been

ablated, can restore circadian activity rhythms. Every sin-

gle SCN cell exerts a waxing and waning of the firing rate

with a predictable circadian rhythm. Synchronized by

paracrine signals the SCN produces an output signal that

‘drives’ endogenously generated daily oscillations in hor-

mones, sleep – wakefulness, alertness, performance, and

many other physiological functions. The sinusoidal output

signal produced by the SCN can be described by its period

(cycle length), phase (position in the cycle), and amplitude

(range between highest and lowest signal). The output

amplitude reflects the ‘strength’ or robustness of the cir-

cadian timing system, which can also be described as the

drive to restore homeostasis in response to stimuli or the

extent to which circadian behavior is separated into distinct

periods of activity and rest within one cycle [1–3].

As mentioned, the SCN becomes synchronized to the

environmental light–dark cycle by its primary Zeitgeber:

light. The photic entrainment of the pacemaker is mediated

by a specialized subset of intrinsically photosensitive gan-

glion cells that are spread throughout the retina rather than

having a foveal concentration. Those specialized ganglion

cells also receive input from rods and cones, acting as a

redundant input pathway for synchronizing the circadian

system, but can still function even if the rods and cones are

so severely damaged that the individual is blind. Light input

can still be obtained by the circadian system through these

specialized ganglion cells that have a direct monosynaptic

pathway to the SCN in the hypothalamus [1–3].

Circadian rhythm disorders are precipitated by

intrinsic and extrinsic factors

Among the innumerable periodic changes that underlie and

support the overt circadian physiologic rhythms, the peak

values occur in a characteristic sequence over the day

(‘phase map’) in human healthy subjects [4]. Such a se-

quence and spacing reflects the order and temporal rela-

tionships of cause–effect in the normal interactions of the

various bodily processes and is the very indicative of

organism’s health [5]. Disruption of amplitude or phase of

circadian rhythms can be produced endogenously, like that

seen in many psychiatric disorders, blindness, circadian

sleep disorders or chronic diseases. On the other hand,

phase maps may undergo transitory disruptions when hu-

mans are compelled to make a rapid phase adjustment as,

for example, after a rapid move to a new geographic lon-

gitude or as a consequence of shift work [6, 7]. Under such

circumstances, the various individual 24-h components

comprising the circadian phase map do not reset their

phases to the new environmental times at the same rate,

and become somewhat displaced in their relations to one

another. To reset them to the new local time requires

several days of exposure to the local phase setters.

The structure of the major circadian rhythm, the sleep–

wake cycle, is dependent on a complex interaction of cir-

cadian phase and sleep–wake dependent processes [8, 9].

When sleep is displaced, as is the case with transmeridian

travelers and shift workers, the normal phase relationship

between the sleep–wake cycle and the endogenous circa-

dian oscillator is perturbed, a situation which can lead to

substantial deterioration in sleep quality. In contrast, nor-

mal individuals living on a day-oriented schedule show a

balanced relationship between homeostatic and circadian

processes that serves to promote uninterrupted bouts of

approximately 8 h of sleep and 16 h of wakefulness per

day. Therefore, the temporal alignment between the sleep–

wake cycle and the endogenous circadian system is a

determining factor in the quality of the subsequent sleep

and waking episodes.

As above mentioned, two interacting processes regulate

the timing, duration and depth, or intensity, of sleep: a

homeostatic process that maintains the duration and

602 Cancer Causes Control (2006) 17:601–609

123



intensity of sleep within certain boundaries and a circadian

rhythm that determines the timing of sleep. The homeo-

static process depends on immediate history: the interval

since the previous sleep episode and the intensity of sleep

in that episode. This drive to enter sleep increases, possibly

exponentially, with the time elapsed since previous sleep

episode. It declines exponentially once sleep has been

initiated. The homeostatic sleep drive controls slow wave

sleep rather than rapid eye movement (REM) sleep. In

contrast, the phase and amplitude of the circadian rhythm

are independent of the history of previous sleep but are

generated by the major pacemaker, the SCN. The circadian

variation of human sleep propensity is roughly the inverse

of the core body temperature rhythm: maximum propensity

for sleep and the highest continuity of sleep occur in

proximity to the minimum temperature [8, 9].

Adaptive drives including a variety of mechanisms that

influence sleep but which are independent of the time spent

awake and of circadian rhythms should be also considered

in sleep regulation. Adaptive factors modify the sleep–

wake cycle according to changes in the environment, which

are significant for the individual. They include behavioral

factors, like motivation, attention and other psychological

responses to the environment (e.g., bed comfort, social

activity), noise, environmental temperature, physical

exercise and food intake. Sleep recording during e.g., ul-

trashort sleep–wake paradigms or free-running conditions

indicated that the peak propensity for REM sleep is ob-

served near the nadir of the core body temperature cycle, at

the middle of a normal night. In comparison, the occur-

rence of slow wave sleep is much more influenced by the

duration of prior waking than by circadian phase. However,

a cross-influence occurs since REM sleep can also be

influenced by sleep deprivation just as slow wave activity

shows circadian modulation [8, 9].

Day sleep in shift workers is often measured as 1–3 h

shorter than night sleep on days off, or on day and evening

work schedules [10, 11]. Following night shifts, most

workers report no difficulties falling asleep and latencies to

sleep onset are short. The short sleep latencies are

accompanied by short latencies to non-REM sleep, which

may represent the response to a physiological sleep debt.

Shift workers, who typically show great variation in their

degrees of circadian entrainment to particular sleep–wake

cycles, also demonstrate a discrepancy in the amount and

distribution of REM sleep. Shift work has been associated

with a number of health problems including cardiovascular

disease, impaired glucose and lipid metabolism, gastroin-

testinal discomfort, reproductive difficulties, and breast

cancer. Despite years of night work, only a minority of

workers show an appropriate reorientation of physiological

rhythms such as those of 6-sulphatoxymelatonin, plasma

melatonin, cortisol, and TSH. This can be related to the

observable troughs in vigilance and the fragility of sleep

particular to night work [10, 11].

Chronobiotics are useful to hasten the

resynchronization after transmeridian flights

Drugs that influence the circadian apparatus are referred as

chronobiotics [12]. The prototype of this type of drugs is

melatonin. Melatonin is produced in most organisms from

algae to mammals, and its role varies considerably across

the phylogenetic spectra [13]. In humans, it plays a major

function in the coordination of circadian rhythmicity,

remarkable the sleep–wake cycle [14, 15]. Melatonin

secretion is an ‘arm’ of the biologic clock in the sense that

it responds to signals from the SCN and in that the timing

of the melatonin rhythm indicates the status of the clock,

both in terms of phase (i.e., internal clock time relative to

external clock time) and amplitude. From another point of

view, melatonin is also a chemical code of night: the longer

the night, the longer the duration of its secretion. In many

species, this pattern of secretion serves as a time cue for

seasonal rhythms [14].

Like the effects induced by the external Zeitgeber light,

effects by the internal Zeitgeber melatonin are also time-

dependent. The greatest density of high-affinity melatonin

receptors in humans is located in the SCN. Entraining free-

running circadian rhythms by administering melatonin is

only possible if the SCN is intact. Daily timed adminis-

tration of melatonin to rats shifts the phase of the circadian

clock, and this phase shifting may partly explain melatonin

effect on sleep in humans, or ‘chronobiotic effect’ [12]).

Indirect support for such a physiological role derived from

clinical studies on blind subjects showing free running of

their circadian rhythms while a more direct support for this

hypothesis was provided by the demonstration that the

phase response curve for melatonin was opposite (i.e., 180�
out of phase) to that of light [15, 16].

Within the SCN, melatonin reduces neuronal activity in

a time-dependent manner. In rodents, the effects of mela-

tonin on SCN activity are mediated by at least two different

receptors. They are insensitive during the day, but sensitive

at dusk and dawn (MT2; causes phase shifts) and during

early night period (MT1; decreases neuronal firing rate)

[17]. Melatonin secreted during nighttime provides enough

inertia to resist minor perturbations of the circadian timing

system.

The evening increase in melatonin secretion is associated

with an increase in the propensity for sleep [18]. Secretion of

melatonin during the day, as occurs in diverse pathologic or

occupational health situations, is strongly associated with

daytime sleepiness or napping, and the administration of

melatonin during the day induces sleepiness [19]. Melatonin
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(in a dose of 3–5 mg daily, timed to advance the phase of the

internal clock) can maintain synchronization of the circa-

dian rhythm to a 24-h cycle in sighted persons who are living

in conditions likely to induce a free-running rhythm, and it

synchronizes the rhythm in some persons after a short period

of free-running. In blind subjects with free-running rhythms,

it has been possible to stabilize, or entrain, the sleep–wake

cycle to a 24-h period by giving melatonin, with resulting

improvements in sleep and mood [20]. In normal aged

subjects [21] and in demented patients with desynchroni-

zation of sleep–wake cycle [22] melatonin administration is

helpful to reduce the variation of onset time of sleep. The

phase shifting effects of melatonin were also sufficient to

explain its effectiveness as a treatment for circadian-related

sleep disorders such as jet lag or the delayed phase sleep

syndrome [23–25].

Any transmeridian traveler needs some days to adapt

himself/herself to the new situation, unless he/she stays in

an environment that is totally isolated from outside and

with lights on and off in the way of his usual residence. The

time taken to adapt depends on the size of the phase shift

and Zeitgeber strength (for example, photoperiod and light

intensity), but often approximates to 1–1.5 h of adaptive

shift per day, with worsening of symptoms after an east-

bound flight as compared to a westbound flight.

With few exceptions, a compelling amount of evidence

indicates that melatonin is useful for ameliorating ‘jet-lag’

symptoms in air travelers (see meta-analysis at Cochrane

Data Base [26]). We examined the timely use of three

factors (melatonin treatment, exposure to light, physical

exercise) to hasten the resynchronization of in a group of

elite sports competitors after a transmeridian flight com-

prising 12 time zones [23]. They were professional soccer

players and their coaches who traveled from Buenos Aires

to Tokyo to play the final game of the Intercontinental

Coup. The day prior to departure, urine was collected from

each subject from 18:00 to 06:00 h to measure the mela-

tonin metabolite 6-sulphatoxymelatonin. Participants were

asked to complete sleep log diaries. All subjects received

3 mg of melatonin p.o. daily at expected bedtime at Tokyo

immediately after leaving Buenos Aires. Upon arrival at

Tokyo the subjects performed a daily physical exercise

routine outdoors at two restricted times of the day (from

08:30 to 11:30 h in the morning and from 15:00 to 18:00 h

in the afternoon). Exposure to sunlight or physical exercise

at other times of the day was avoided. We employed

exposure to outdoors light attempting to cover symmetri-

cally the phase delay and the phase advance portions of the

phase–response curve reported for light in humans [27].

Conceivably this would lead to a suppression of circadian

rhythmicity and to the sensitization the circadian clock for

additional chronobiological manipulation. In addition, we

administered non-photic stimulation (i.e., physical exercise)

that practically coincided with outdoor light exposure as

another manipulation tending to mask the circadian oscil-

lator. Melatonin at local bedtime helped to resynchronize

the circadian oscillator to the new time environment.

Individual actograms performed from sleep log data

showed that all subjects became synchronized in their sleep

to the local time in 24–48 h, well in advance to what would

be expected in the absence of any treatment. Assessment of

sleep quality by comparison of data before and after the

transmeridian flight also indicated absence of significant

changes in sleep or vigilance as a consequence of the

transmeridian flight. Sleep quality and morning alertness at

Tokyo correlated significantly with pre-flight 6-sul-

phatoxymelatonin excretion, an index of the amplitude of

the circadian signal [23].

More recently we performed a retrospective analysis of

the data obtained from normal volunteers flying from

Buenos Aires to Sydney, or from Sydney to Buenos Aires,

by a transpolar route in the last 9 years. Seventy-five vol-

unteers (46 males) were included in the study for the

eastbound flight (Buenos Aires–Sydney) (median age:

48 years, range: 21–78 years). Fifty-nine volunteers (34

males) were included in the study for the westbound flight

(Sydney–Buenos Aires) (median age: 53 years, range: 32–

78 years). Exclusion criteria for the study were: presence

of any kind of organic or psychiatric disorder, past history

of neurological disorder, alcohol abuse or addiction to

other drugs. For the eastbound study, all subjects received a

fast release preparation containing 3 mg of melatonin

(MelatolR, Elisium S.A., Buenos Aires) p.o. daily 30 min

before expected sleeping time at Sydney immediately after

leaving Buenos Aires and for the time of the study. Upon

arrival at Sydney the subjects were advised to perform their

routine normally and to walk outdoors for at least 30 min at

two restricted periods of the day (from 08:00 to 11:00 h in

the morning and from 13:00 to 16:00 h in the afternoon).

They were advised to maintain a symmetrical distribution

of activity (i.e., same duration of exercise at both daily

times). Exposure to sunlight at other times of the day was

reduced by using regular dark sunglasses. Participants were

asked to complete sleep log diaries from day )2 (at Buenos

Aires) to day 8 at Sydney.

For the westbound study all the volunteers were pas-

sengers on the transpolar flight back to Buenos Aires; most

of them were continuously taking melatonin as described

above for the time they spent at Australia (minimal time:

7 days). On the day of flight to Buenos Aires the subjects

received a single dose of 3 mg of melatonin p.o. at about the

expected sleeping time at Buenos Aires and they continued

with this treatment for 8 days. As in the case of the east-

bound study, the volunteers were advised to perform their

routine normally at Buenos Aires and to walk outdoors for

at least 30 min at two restricted periods of the day (from
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08:00 to 11:00 h in the morning and from 13:00 to 16:00 h

in the afternoon). Again, they were advised to maintain a

symmetrical distribution of activity. Exposure to sunlight at

other times of the day was reduced by using dark sun-

glasses. Participants were asked to complete their sleep log

diaries from day )2 (at Sydney) to day 8 at Buenos Aires.

Sleep-log diaries included evaluation of overall quality

of sleep, time to bed, time wake, number of awakening

episodes and general sleep information. All subjects were

asked to assess every day the quality of their sleep,

morning freshness and daily alertness graphically on a

10 cm long line rated from 0 to 10 (visual analogic scale).

Global assessment of sleep and wakefulness quality was

derived from the data. Individual actograms were con-

structed from sleep log diaries (time to bed, time wake).

Phase–shifts were determined by eye fitting. The number of

days taken by every individual to reach that line, starting

from the first day of the actogram, was computed.

Figure 1 (upper panel) shows the global assessment of

sleep and wakefulness after the eastbound flight, recorded

from day )2 and )1 (at Buenos Aires), day 0 (day of flight)

and days 1–8 at Sydney. A non-parametric ANOVA gen-

erally indicated absence of significant changes as compared

to pre-flight assessment. Mean resynchronization rate was

2.27–1.1 days. Figure 1 (lower panel) depicts the global

assessment of sleep and wakefulness after the westbound

flight, recorded from day )2 and )1 (at Sydney), day 0

(day of flight) and days 1–8 at Buenos Aires. A non-

parametric ANOVA indicated absence of significant

changes as compared to pre-flight assessment. Mean re-

synchronization rate was 2.54 – 1.3 days. It should be

noted that the expected minimal resynchronization rate

after a 13-h flight without any treatment is 7–9 days. Data

from Figure 1 indicate that the multifactorial approach

(melatonin treatment, exposure to light, physical exercise)

previously employed to resynchronize a group of elite

soccer players flying west 12 time zones was effective to

hasten the resynchronization of air travelers to a 13 time-

zone eastbound or westbound transmeridian flights. To

what extent other circadian rhythms became synchronized

after the treatment employed is not known.

However, since tolerance to jet-lag or shift work are

frequently associated with a lack or relatively minor inter-

nal desynchronization of circadian rhythms an accelerated

resynchronization of other circadian rhythms would be

expected.

Chronobiotics are useful to treat chronobiological

disorders in demented patients

Alzheimer’s disease (AD) patients show a greater break-

down of the circadian sleep–wake cycle compared to

similarly aged, non-demented controls. Demented patients

spend their nights in a state of frequent restlessness and

their days in a state of frequent sleepiness. These sleep–

wake disturbances became increasingly more marked with

progression of the disease. The sleep–wake disturbances in

elderly people and particularly AD patients may result

from changes at different levels: a reduction of environ-

mental synchronizers or their perception, a lack of mental

and physical activity, an age or disease related anatomical

changes with loss of functionality of the circadian clock.

Cross-sectional studies have shown that sleep disturbances

are associated with increased memory impairment in AD

patients, as well as with more rapid cognitive decline [28].

For these reasons, optimization in management of sleep

disturbances is a treatment priority for AD patients.

In AD patients with disturbed sleep–wake rhythms there

is a higher degree of irregularities in melatonin secretion

[29]. An impairment of melatonin secretion is present that

is related to both age and severity of mental impairment.

The suppressed nocturnal GH and the increase of both the

mean levels and nadir values of plasma cortisol are also

related to mental impairments [30]. Shifts in the basic

circadian sleep–wake rhythm of dementia patients can be

severe, and in extreme cases may lead to complete day–

night sleep pattern reversals.

Clinical findings strongly argue in favor of disruption of

the circadian timing system in AD [31–33]. Dementia is

associated with circadian rhythm disturbances expressed in

several dimensions including body temperature, hormonal

concentrations and rest–activity cycles. Circadian altera-

tions are detectable at an advanced stage of AD, with large

acrophases between rest activity and core body temperature

rhythms and reduced rhythm amplitudes and nocturnal rest,

indicating a diminished capacity to synchronize body

rhythms with behavior. Loss or damage of neurons in the

hypothalamic SCN and other parts of the circadian timing

system have been implicated in the circadian disturbances

of demented patients [34–36]. The SCN of AD patients

have tangles [37] indicating that the SCN is affected by AD.

The decreased secretion of melatonin with aging is well

documented [38–44] and more profound reductions are

reported in populations with dementia [29, 45–49]. More-

over a significantly positive correlation between the

abnormalities of rest–activity cycle and decrease in mela-

tonin secretion occurs [42]. An increased melatonin MT1

receptor immunoreactivity signal was reported in the hip-

pocampus of AD patients and was attributed to the up-

regulation of the receptor as a compensatory response to

impaired melatonin levels [50]. In a recent study melatonin

levels were determined in ventricular postmortem cere-

brospinal fluid (CSF) of 121 subjects [51]. Melatonin levels

were significantly decreased in the aged individuals with

early neuropathological changes in the temporal cortex,
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where the AD process starts. Indeed, the decrease in CSF

melatonin levels may be an early event in the development

of AD, possibly occurring even before the clinical symp-

toms [51].

A chronobiological phenomenon in AD related to the

sleep disturbances is ‘sundowning’. Symptoms of sund-

owning agitation include a reduced ability to maintain

attention to external stimuli, disorganized thinking and

speech, a variety of motor disturbances including agitation,

wandering and repetitious physical behaviors, and per-

ceptual and emotional disturbances [52]. The delirium-like

symptoms associated with sundowning are usually more

prevalent in the late afternoon to early evening. Medication

toxicity, infection, electrolytic disturbance or environ-

mental factors can all be triggers for sundowning. A

chronobiological approach with bright-light therapy,

restricted time in bed and diurnal activity may be an

interesting therapeutic alternative in the management of

sleep–wake disorders in AD patients. The aim of these

therapeutics is to improve sleep and diurnal activity and

consequently to increase the quality of life in AD patients

[42, 53]. However, there is a very significant risk of retinal

Fig. 1 Subjective assessment

of sleep and wakefulness after

13 time-zone eastbound or

westbound transmeridian flights

(Buenos Aires–Sydney,

transpolar flight). For details see

text
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damage from repetitious exposure to the high intensities of

visible light provided by bright light units in this popula-

tion since a substantial number of studies have indicated

that age related macular degeneration is the result of nat-

ural aging processes exacerbated by the cumulative effects

of photo-oxidative damage [54, 55].

In a first examination of the sleep-promoting action of

melatonin (3 mg p.o. for 21 days) in a small non-homog-

enous group of elderly patients with primary insomnia and

with insomnia associated with dementia or depression, 7

out of 10 dementia patients having sleep disorders and

treated with melatonin (3 mg p.o. at bed time) showed a

decreased sundowning and reduced variability of sleep

onset time [56]. In another study, 10 individuals with mild

cognitive impairment were given 6 mg of melatonin before

bedtime. Improvement was found in sleep, mood and

memory [57].

Other studies include daily administration of 6–9 mg

melatonin for longer periods of time to AD patients with

sleep disorders and sundowning agitation. The retrospec-

tive account of 14 AD patients after a 2–3-year period of

treatment with melatonin indicated that all improved sleep

quality [58]. Sundowning, diagnosed clinically in all pa-

tients examined, was not longer detectable in 12 of them,

and persisted attenuated in the other 2 patients. Another

significant observation in this study was the halted evolu-

tion of the cognitive and mnesic alterations expected in

comparable populations of patients not receiving melato-

nin. This should be contrasted with the significant deteri-

oration of clinical conditions of the disease expected from

patients after 1–3 years of evolution of AD. Further sup-

port to the hypothesis that melatonin is useful in AD pa-

tients was given by a case report study which included two

79 years old male monozygotic twins with AD diagnosed

8 years earlier [59].

The efficacy of melatonin for treatment of AD patients

is also supported by other studies. Mishima and co-workers

administered a 6 mg dose of melatonin for 4 weeks to 7

inpatients with AD who exhibited irregular sleep–waking

cycle [42]. Melatonin significantly reduced percentage of

nighttime activity compared to placebo. Cohen-Mansfield

et al. [60] reported the efficacy of melatonin (3 mg/day at

bed time) for improving sleep and alleviating sundowning

in 11 elderly AD patients. Analysis revealed a significant

decrease in agitated behavior and a significant decrease in

daytime sleepiness. In an open study using actigraphy to

define sleep patterns in 7 AD patients a remarkable effect

of a 3 mg dose of melatonin to reduce sundowning was

reported [61]. The effect of melatonin was seen regardless

of any concomitant medication employed to treat cognitive

or behavioral signs of disease as demonstrated in a study

including 45 AD patients with sleep disturbances treated

for 4 months with 6–9 mg melatonin/day [22].

In a double blind study to examine the effects of melatonin

on the sleep–wake rhythm, cognitive and non-cognitive

functions in AD type of dementia it was observed that a 3 mg

melatonin dose for 4 weeks significantly prolonged acti-

graphically evaluated sleep time, decreased activity at the

night and improved cognitive function [62]. In a multicenter,

randomized, placebo-controlled clinical trial of two dose

formulations of oral melatonin 157 subjects with AD and

nighttime sleep disturbance were randomly assigned to 1 of 3

treatment groups: placebo, 2.5 mg slow-release melatonin,

or 10 mg melatonin given daily for 2 months [63]. When

sleep was defined by actigraphy, trends for increased noc-

turnal total sleep time and decreased wake after sleep onset in

the melatonin groups were observed. On subjective mea-

sures, caregiver ratings of sleep quality showed significant

improvement in the 2.5 mg sustained-release melatonin

group relative to placebo [63].

The mechanisms accounting for the therapeutic effect of

melatonin in AD patients remain unknown. Melatonin

treatment promotes mainly non-REM sleep in the elderly

[64], and can be beneficial in AD by augmenting the

restorative phases of sleep, including the augmented

secretion of GH [65] and neurotrophins. In addition,

in vitro experiments indicated that melatonin protects

neurons against b-amyloid toxicity [66], prevents b-amy-

loid-induced lipid peroxidation [67] and alters the metab-

olism of the b-amyloid precursor protein [68]. Animal

studies are also indicative of the efficacy of melatonin to

prevent b-amyloid toxicity. For example, melatonin had

the ability to protect against the circadian changes pro-

duced by b-amyloid peptide 25–35 microinjection in SCN

of golden hamsters [69]. The demonstration of the direct

relationship between melatonin and the biochemical

pathology of AD was recently made in a transgenic mouse

model of Alzheimer’s amyloidosis by monitoring the ef-

fects of administering melatonin on brain levels of b-

amyloid abnormal protein nitration and survival of the

mice. The administration of melatonin partially inhibited

the expected time-dependent elevation of b-amyloid, re-

duced abnormal nitration of proteins and increased survival

in the treated transgenic mice [70].
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