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Prolonged-release melatonin for the treatment
of insomnia: targeting quality of sleep and
morning alertness

Alan Wade’, . . . ® . . R .

Nuva ZisanoBt & Prolonged-release (PR) melatonin (Circadin®, Neurim Pharmaceuticals, Tel-Aviy, Israel) is a
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Patrick Lefnoines nonbenzodiazepine licensed to treat primary insomnia in patients aged 55 years and older.
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any physical or mental disorder or to any envi- measures by insomniacs compared with those
ronmental cause. There are widely varying who do not report sleep difficulty. These prob-
reports of the prevalence of primary insomnia in  lems include impaired concentration, impaired
the general population from 1-10% and ranging memory, decreased ability to accomplish daily
up to 25% in the elderly [9.101. Sleep disorders, tasks and decreased enjoyment of interpersonal
including primary insomnia, place a tremendous  relationships [10].
burden on society due to their association with Furthermore, in a recent study in healthy
psychiatric disorders, their negative impact on older subjects without sleep or wake complaints,
quality of life, their association with falls and  diary-based measures of sleep quality correlated
road traffic accidents and the reduced productiv-  positively with physical and mental health-
ity and increased utilization of healthcare related QOL. No such association was found
services by sufferers [10-16]. with any of the polysomnographic sleep quantity
There is a poor correlation between the clini- measures (time spent asleep, sleep efficiency,
cal complaints associated with insomnia and the sleep latency and rapid-eye movement sleep per-
findings at polysomnography that frequently fail ~ cent) (26]. The authors concluded that sleep qual-
to demonstrate any sleep-quality related cause ity and daytime alertness in late life may be more
for the problem [17-20]. However, the tenth revi- important aspects of successful aging than previ-
sion of the International Classification of ously appreciated. Accordingly, the German
Diseases (ICD 10) acknowledges that ‘there are  Society of Sleep Medicine has published a formal
people who suffer immensely from the poor consensus defining nonrestorative sleep as the
quality of their sleep, while sleep in quantity is key syndrome in the clinical algorithm to
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such as the benzodiazepines and nonbenzo-
diazepines, which act on GABA-A receptors in
the brain, are the most commonly prescribed
treatments for sleep disturbances [28]. These pri-
marily address quantitative sleep problems but
can fail to improve or even adversely affect day-
time vigilance. However, there is now a growing
awareness that, since restorative sleep is essential
to daytime functioning, all pharmacological
treatments of insomnia must be evaluated with
respect to effects on morning alertness and
withdrawal symptoms [29,30].

Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a
hormone produced and secreted by the pineal
gland at night (Figure 1). Production is induced by

G ) signals fr 1nter cal lock local-
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by the retina (31]. It is an endogenous sleep regu-
lator and signal of darkness in humans (321. In
preparation for sleep, melatonin induces heat

acts on its own receptors (MT1 and MT%
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The production of melatonin generally
decreases with age [36-40]. Older subjects show an
increased lag from sunset to the onset of mela-
tonin pulse and to the melatonin pulse peak, and
malsynchronization between melatonin secretion
acrophase and the middle of the sleep period [411.
The melatonin pulse starts later, peaks lower and
later and ends sooner [36. The consistently
observed age-dependent changes in melatonin
production was challenged by one study, which
used constant routine conditions and found com-
parable blood melatonin levels in very healthy
males and females to those in younger males.
However, the same group has recently found that
lack of sleep significantly increases blood

Figure 1. Melatonin.
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melatonin levels in older, even very healthy indi-
viduals, and much less so in the young; which
may explain the high melatonin levels found in
their older subjects [42]. Several studies reported
that people over 55 years of age with insomnia
have even less 6-sulfatoxymelatonin (6-SMT)
excretion than age-matched controls without
sleep complaints [39,40.43-46). However, this has
not been found in some studies [47.48].

This apparent relationship between increasing
age, declining melatonin production and
increasing insomnia prevalence has led to the
‘melatonin-replacement’ hypothesis that treat-
ment with melatonin therapy may replenish the
deficiency in the endogenous sleep-regulating
hormone and improve sleep.

Melatonin undergoes first-pass  hepatic

49] andsover 80% is ex ete exclu—
ﬂg{ o FSNED o, i b

a fe in human serum o approx1mately
40 min [49]. It is absorbed rapidly following oral
administration, with peak plasma levels occur-
ring between 20 min and 2 h, and the level per-

0 &mﬁﬂ@ '@3 ﬁtﬂ Cﬁgﬁﬁng on the dose,

Since melatonin is produced throughout the
H‘@ ﬂ) @ @tment of disorders that are
ithinished nocturnal mela-

tonin secretion requires a formulation of the

hormone that would reproduce the normal noc-
turnal pattern of melatonin. Therefore, a pro-
longed-release  formulation of melatonin
(PR-melatonin or Circadin®, Neurim Pharma-
ceuticals, Tel-Aviv, Israel) was developed. This
formulation results in peak plasma levels 2.6 h
after ingestion, which are maintained for 3.5 h.
A pharmacokinetic study demonstrates that
the peak concentration of melatonin in the
blood of healthy males following ingestion of
2 mg at 09:00 is approximately six- to eightfold
higher than the endogenous peak levels at night.
A regular release formulation of melatonin
0.1-0.3 mg provides, at 1 h post-ingestion, peak
blood levels of melatonin that are termed
‘physiological levels' as they are comparable to
those that are present in the blood at night. For
example, mean = SD blood levels following a
0.3 mg oral dose were 182.3 + 43.5 pg/ml and
these decline to the endogenous levels rapidly
afterwards [521. However, brain melatonin con-
centrations are estimated to be 6-20-times higher
than serum levels [53]. Since melatonin readily
penetrates the brain, the PR-melatonin 2 mg dose
would yield brain melatonin levels comparable to
those present normally in the brain at night, and
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owing to the PR nature of this preparation such
will be maintained over the entire
nocturnal period (Table 1) [101].

levels

Background clinical information

Studies on the effects of melatonin on sleep were
quite heterogeneous with respect to patient
selection (healthy volunteers, primary and secon-
dary insomnia and psychiatric patients), age and
gender, dose (0.1-80 mg), formulation (fast or
duration, end
points and methodology, and some were under-

sustained release), treatment
powered for the effect size they were attempting
to demonstrate [26,54]. A meta-analysis of pub-
lished studies on the efficacy of exogenous mela-
tonin in the management of primary insomnia

indicated that melatonin decreased sleep-onset

daten ig hted
g (OD [@ygjﬂgﬁfﬁ@rﬁ:ﬁ%@; older t years was
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7.8 min (95% CI: -17.4, -1.7 mln) [54].
A separate meta-analysis of 15 studies that
enrolled healthy subjects or people with no rele-

Primfmored i

latency by 3. 9 min (95% CI: -2.5, SE and

B @
3.1 24.3) (26]. Further studies indicated that
melatonin improved the QOL in the elderly,

emphasizing the importance of good sleep to
quality of well being [55,56].

Table 1. Pharmacokinetic properties of pr
ingestion at 8 am.

Clinical studies with PR-melatonin 2 mg
Efficacy: objective findings

The hypnotic effects of PR-melatonin were
compared with those of current hypnotic drugs
in a randomized, double-blind, cross-over study
in 23 healthy subjects (9 men and 14 women,
ages 21-53 years). Psychomotor performance
before and for 7 h after ingestion of a single
dose of placebo, zaleplon 10 mg, zopiclone
7.5 mg, temazepam 15 mg or PR-melatonin
6 mg and total sleep and sleep latency were
recorded by polysomnography during 4-min
periods with eyes closed immediately before
and after each psychomotor test sequence.
Findings indicated that the sleep-inducing
power of the medications after psychomotor
testing was zopiclone > PR-melatonin > zale-

iffere ce) by 72 m lon > temazepam [57). Fursher studies compar-
AT et e e e o1 s,

R-melatonin 2 mg or zopiclone 5 mg at an
early body clock time (17:00) showed that rela-
tive to placebo, aircrew on melatonin and
zopiclone fell asleep more quickly (PR-mela-

oF : p < 0.003), slept
ﬁlﬂﬁg@g <0.02; zopiclone:
p < 0.005), had fewer awakenings after sleep
E‘@ ﬁmlatomn p < 0.004; zopiclone:
O{Jﬁ ¥ spent less time awake after sleep
onset (PR-melatonin: p < 0.01; zopiclone:
p < 0.05). There were no statistically significant
differences PR-melatonin  and
zopiclone in any of the sleep parameters [58].

between

olonged-release melatonin following

AUC0-24 h Cnax (Pg/ml) Trax (h) Plateau time*
(pg/h/ml) (h)
Basal state
Mean + SD 448 + 288 58 + 32 185+ 2.1 6.9+17
Median 375 51 18 6.6
Range 150-1017 30-126 16-22 4.7-9.6
Drug fasting
Mean + SD 2527 £ 1200 427 £ 211 1.6+0.8 51+23
Median 2257 393 1.5 4.4
Range 823-4478 180-855 0.5-3 3.1-9.9
Drug with meal
Mean + SD 2405 + 1469 483 + 253 26+1.1 35+14
Median 2010 390 25 3.1
Range 618-5252 205-1020 1-4 1.7-5.5
*Time from T,,,, to 75% C,

max max*

AUC: Area under the curve; C,,,,:
Table obtained from [101].

www.futuremedicine.com

Maximum plasma concentration; T,,,,: Time to maximum plasma concentration.
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Further studies were carried out in insomnia
patients. Garfinkel er a/. investigated 12 elderly
subjects (mean age 76 + 8 years) with chronic ill-
ness and insomnia in a crossover study using
wrist actigraphy comparing administration of
PR-melatonin for 3 weeks with placebo [59].
PR-melatonin 2 mg produced a statistically sig-
nificant improvement in sleep efficiency (83 + 4
vs 75 £ 3%, p < 0.001) and wake time after sleep
onset was shorter (49 + 14 vs 73 + 13 min,
p < 0.001). Sleep latency decreased but this did
not reach statistical significance compared with
placebo (19 + 5 vs 33 + 7 min, p = 0.088). Total
sleep time was not affected.

In a crossover, double-blind, placebo-control-
led randomized study, Haimov ez 4/. investigated
the effects of 2mg fastrelease (FR) and
PR—tnelat blets bo f 7 consecu—

ﬁ ef @\E{g F {Ua%rg
grap sesse sleep in 26 me atom eficient
elderly insomniacs (18 institutionalized and
8 independent) [60]. A 2-month period of daily
administration of PR-melatonin 1 mg 2 h before

time) [61]; attention and cognitive skills by the
Test of Everyday Attention (TEA) battery (621,
and wake-EEG. Withdrawal effects were also
assessed 1 day and 3 weeks after treatment. The
study consisted of 2 weeks single-blind, placebo
treatment, 3 weeks double-blind, placebo-con-
trolled treatment with PR-melatonin 2 mg and a
3-week withdrawal period.

With PR-melatonin treatment, polysomno-
graphy-assessed sleep-onset latency decreased
by 50% from pretreatment values, 9 min more
than with placebo (p = 0.011). The duration of
wake prior to sleep onset was reduced by
approximately 50% (p = 0.011). No differences
were observed between the groups in duration
of awakenings after sleep onset, sleep effi-
ciency, sleep duration and the duration of the

ifferent sl sta s. The polys raphic

d@ﬁ Jﬁf g@f ll rlables

aseline values one day after stoppmg the

dosmg in both groups. No withdrawal or

rebound effects were observed for any of the
recorded variables [101].

SR aritg el

r to that obtained with

PR—melatonm 2 mg SLgmﬁcantly 1mproved slee Eg] assesse {Eolysomnography) sleep-onset latency

o
7.4 51 i W

placebo  preparations, respectwely, ANOVA
p<0.05). In addition, a tendency towards
improved sleep-onset latency was found with
mean sleep latency values (32 +7, 37 + 11 and
54 + 13 mins for FR-melatonin, PR-melatonin
and placebo, respectively; ANOVA p = 0.06)

Sleep maintenance and initiation were further
improved following the 2-month PR-melatonin
1-mg treatment, suggesting that tolerance had
not developed. After cessation of treatment,
sleep quality gradually deteriorated reverting to
prestudy values within 3 months after the study.
These findings suggested that melatonin-replace-
ment therapy would be beneficial in the initia-
tion and maintenance of sleep in elderly patients
with insomnia.

An objective double-blind, placebo-control-
led study was conducted in 24 male and 16
female patients aged 55 years and above with
insomnia [101]. Sleep was assessed objectively
using polysomnography and all-night sleep
electroencephalography (EEG) spectral analysis.
Subjective assessment of sleep was made by the
Leeds Sleep Evaluation Questionnaire (LSEQ).
Vigilance and arousal were assessed by the Leeds
psychomotor test battery (critical flicker fusion
threshold, recognition, motor and total reaction

Aging Health (2008) 4(1)

Ilpldem (-8.1 min [63,102]),
zaleplon (<8.0 min (63,103]) zopiclone [58] and
the recently approved melatonin agonist
ramelteon (-10 min [104]).

Hence, the ability of PR-melatonin 2 mg to
facilitate sleep onset, the primary and only
parameter that current hypnotics were licensed
on, is similar in efficacy and potency to that of
the current hypnotic drugs.

Efficacy: subjective findings

During the clinical assessment of PR-melatonin,
subjective assessment of sleep quality was based
on three measures: the LSEQ, the Pittsburgh
Sleep Quality Index (PSQI) and patients
self-reported diaries.

The LSEQ consists of ten visual analog scales
measuring four domains of sleep: getting to sleep
(GTS); quality of sleep (QOS); hangover on
awakening from sleep (AFS) and behavioral
integrity following waking (BFW) the following
morning. It has been validated in a number of
studies involving the target population of patients
aged 55years and over with insomnia [64].
Clinical response was defined as an improvement
of 10 mm or more on the visual analog scales,
which is considered to be of clinical importance
and relevance [65].

fsg
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The PSQI comprises nine questions relating
to the patients’ usual sleep habits during the pre-
vious 4 [66] or 2 [67] weeks. An algorithm is used
to calculate seven component scores and these
are added to give a global PSQI score. The PSQI
has been recommended for use by a recent expert
consensus panel as part of a standard set of
research assessments in insomnia [68].

Three studies were undertaken: Neurim VII,
Neurim VIII and Neurim IX. Neurim VIII was
abandoned due to quality issues; VII [69]
and IX (70] have now been published. These are
by far the largest clinical studies of melatonin
treatment of primary insomnia. Both reported
studies had a similar placebo-controlled, parallel-
group design. Patients aged 55 years or more and
suffering from primary insomnia as defined by

(00017 S5 e e i P |

r placebo. In Neurim VII, there was a
2-week withdrawal period on placebo.

Figure 2. Effect of prolonged-release melatonin versus placebo

Lemoine e al. included 189 adult male and
female outpatients in France and Israel. PR-mela-
tonin was associated with a statistically significant
improvement in both the quality of sleep, meas-
ured by the LSEQ, and quality of night (QON),
measured by a five-point categorical rating scale,
compared with placebo (QOS p = 0.047; QON
p = 0.003). A statistically significant improvement
in morning alertness measured by the BFW
domain of the LSEQ was also observed in the
PR-melatonin group compared with the placebo
group (p = 0.002). The QOS and BFW results are
illustrated in Figure 2. The improvement in QOS
with PR-melatonin was significantly correlated
with the improvement in BEW (p < 0.01), sug-
gesting a beneficial treatment effect on the restor-
ative value of sleep. This apparent association was

urther @vestl ted b ing the clinical
@@ é EE % his analysis
(presente in Table revealed that 47% of

patients receiving PR-melatonin had a concomi-
tant improvement in QOS and morning alertness
compared with 27% of patients receiving placebo.
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BFW: Behavioral integrity following waking; QOS: Quality of sleep.
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Wade ez al. included 354 primary care patients

O' . In this study, the primary end

éﬁned as a responder analysis. A
responder was defined as a patient who improved
by at least 10 mm on both the QOS and BFW
scales of the LSEQ. This analysis is contained in
Table 2 and demonstrates a significant advantage of
PR-melatonin  over placebo (26 vs 15%;
p=0.014). Statistical superiority of PR-mela-
tonin was also demonstrated in the QOS compo-
nent as assessed by both the LSEQ and PSQI
(p =0.014 and 0.036, respectively), sleep latency
as assessed by the patients LSEQ score (GTS;
p = 0.013) and performance the following morn-
ing as assessed by BFW of the LSEQ (p = 0.038).
Figure 2 presents the QOS and BFW results. Sleep
latency was shortened to the same extent as with
most frequently used sleep medications (-24.3 vs -
12.9 min; p=0.028). QOL measured by the
WHO-5 questionnaire [71] also improved signifi-
cantly (p = 0.034). The results of this study pro-
vided evidence that PR-melatonin 2 mg can
produce clinically relevant improvements in QOS
and morning alertness in older patients suffering
from nonrestorative sleep (Figure 2 & Table 2) [70].

Safety & tolerability

Preclinical data on melatonin have not revealed
any effects to cause concern regarding the
long-term use of PR-melatonin 2 mg in humans.
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Table 2. Responder rate analysis in Leeds quality-of-sleep and

behavioral integrity following waking components.

Treatment

Neurim ViI

Placebo
(n =88)

PR-melatonin (n = 77)
Neurim IX

Placebo (n = 164)
PR-melatonin (n = 168)

Number (%) Responders
Difference from p-value
placebo (%)

24.(27) - 0.0095

36 (47) 20 -

25 (15) - 0.014

44 (26) 11 -

Studies for Neurim VIl and Neurim IX taken from [69] and [70], respectively.

The whole safety dataset comprises 1361 patients
ho received

in short-t udle nts
0 Mt G monks i 146 s
W ived PR-melatonin for more than 1 year.

P

16

Headache, pharyngitis, back pain and asthenias
were the most common adverse events (AEs),
which were experienced by more than 2% of the

when normalized for ex%isure period (per 100

e

Data (pooled AEs) from earher studies and
pivotal studies in patients taking or not taking
concomitant medications (hormone replace-
ments, calcium-channel blockers, B-blockers,
inhibitors,
cholesterol-lowering
and
zolpidem) have not raised any concerns and

angiotensin-converting  enzyme

NSAIDs, antidiabetics,
agents, anticoagulants, benzodiazepine
show no differences in frequencies and kind of
AEs between patients on PR-melatonin or
placebo and those taking

medications [69,70,101].

Table 3. Summary of adverse events.

concomitant

Adverse Rate per 100 patient weeks
event Prolonged-release  Placebo
melatonin
Headache 0.45 1.62
Pharyngitis 0.41 0.58
Back pain 0.28 0.34
Asthenia 0.28 0.51
Rhinitis 0.20 0.55
Bronchitis 0.19 0.30
All adverse 3.17 8.21
events

Aging Health (2008) 4(1)
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In reproductive studies, melatonin induced
some toxicological effects on the embryo—fetal
development in rabbits and on the post-natal
development in rats. Therefore, the use of
PR-melatonin is not recommended during preg-
nancy and lactation. No other endocrine or
reproductive effects were observed.

Rebound insomnia, characterized by a return
of insomnia worse than that prior to treatment,
has been associated with the abrupt withdrawal
of some benzodiazepine hypnotics. There is no
evidence of rebound insomnia with use of PR-
melatonin at recommended doses [69,101]. In the
double-blind, placebo-controlled trial conducted
by Lemoine ez al., a decline in the improvement
experienced by patients receiving PR-melatonin
was apparent during the placebo run-out once

ment h djbeen[@‘to pped [69 by the
T T

and QON va es were sti better than baseline
levels. Furthermore, no significant withdrawal
effects, as assessed with the Tyrer scale, were asso-
ciated with stopping the active drug after

Rt S S

to determine the effects of
dﬁ PR-melatonin, zolpidem,
their combinations and placebo on cognitive
functions [101]. Unlike zolpidem, PR-melatonin
2 mg alone did not impair psychomotor func-

over stu(%:vas performed in 16 volunteers aged

tions, driving skills or memory recall at any time
after dosing.

There was no increase in somatic symptoms
compared with those at baseline as assessed by
specially designed instruments (CHESS-84 and
the Tyrer scale). Finally, among sleep or safety
parameters, no evidence was found for with-
drawal dependence or rebound insomnia with
PR-melatonin during early and late withdrawal,
except for the re-emergence of insomnia. Never-
theless, because melatonin is classified as a
hypnotic (ATC code NO5CH melatonin-recep-
tor agonists), the risks of withdrawal, depend-
ence and abuse will be subject to further
post-marketing monitoring [101].

Drug interactions

There is evidence from a randomized, double-
blind, crossover study in elderly subjects that
PR-melatonin potentiates the effects of benzo-
diazepine hypnotics [72]. A total of 21 elderly sub-
jects who had been taking benzodiazepines on a
daily basis were given PR-melatonin 2 mg for
3 weeks and placebo for 3 weeks. PR-melatonin
fsg
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significantly improved sleep efficiency (85.44 + 2.4
vs 75.23 £ 2.2; p < 0.001) and total sleep time (384
+ 14.6 vs 351 + 14.9; p=0.027) and decreased
wake after sleep onset (39.58 + 7.6 vs 76.8 + 12.5;
p < 0.001), sleep latency (11.75 + 20 vs 29.24 +
6.2; p = 0.007) and number of awakenings (11.41
+ 1.45 vs 16.7 + 1.45; p = 0.004) compared with
placebo. These results are suggestive of a pharma-
codynamic interaction between PR-melatonin and
benzodiazepines as some of the measures were not
demonstrated with PR-melatonin alone.

An interaction between PR-melatonin and
zolpidem has also been demonstrated in a rando-
mized, double-blind, crossover study in middle-
aged and o1, While
PR-melatonin alone had no effect on psycho-

elderly volunteers

motor functions, memory recall and driving

@kllls,

ese results suggest a pharmae ynamic inter-
action between PR-melatonin and GABA-A mod-
ulators. Pharmacodynamic interactions (increased
sleepiness) have also been observed with thio-

P e s

with these drugs, cimetidine 800 mg increased
el

r

tion has been descrlbe??zri)atlents who maintain
elevated blood pressure during the night despite
antihypertensive therapy (73. The potency of
PR-melatonin to reduce night-time blood pres-
sure in treated hypertensive patients with noctur-
nal hypertension was studied [74]. A total of 38
treated hypertensive patients (22 males, mean age
64 + 11 years) with confirmed nocturnal hyper-
tension (mean night-time systolic blood pressure
> 125 mm Hg), according to repeated 24-h
ambulatory blood pressure monitoring (ABPM),
were randomized in a double-blind fashion to
receive either controlled release (CR)-melatonin
2 mg or placebo 2 h before bedtime for 4 weeks.
A 24-h ABPM was then performed. CR-mela-
tonin treatment reduced nocturnal systolic BP sig-
nificantly from 136+9 to 130+ 10 mm Hg
(p=0.011) and diastolic BP from 72+ 11 to
69 + 9 mm Hg (p = 0.002), whereas placebo had
no effect on nocturnal BR. The reduction in noc-
turnal systolic BP was significantly greater with
PR-melatonin than with placebo (p = 0.01), and
was most prominent between 02:00 and 05:00
(p =0.002). Thus, an addition of PR-melatonin
2 mg at night to stable antihypertensive treatment
may improve nocturnal BP control in treated
patients with nocturnal hypertension.

www.futuremedicine.com
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Conclusion
Insomnia is a common disturbance of sleep
quantity and quality affecting daytime function-
ing and health. There are substantial clinical data
showing that poor sleep quality rather than
quantity corresponds to measures of health, day-
time functioning, physical and cognitive well-
being and satisfaction with life. The main bene-
fit of PR-melatonin 2 mg is a concomitant
improvement in both QOS and morning alert-
ness (evidence of restorative sleep) in patients
aged 55 years and over with insomnia. Improve-
ments were not only statistically significant but
are also considered clinically significant and rele-
vant, having been demonstrated by a responder
analysis. There are no particular safety concerns.
In conclusion, according to the available clini-

cerbat ffect of zolpidem al results; PR-melatonin pe s e safe and
Tl it e

1ndication [54]

Future perspective

Marketing authorization for PR-melatonin
aceuticals, Tel-Aviv,
ort term treatment
of primary insomnia, characterized by poor
nts aged 55 years and over was
ke European Commission on
26 July 2007. This is the first melatonin-recep-
tor agonist approved for clinical use in the EU
and the only melatonin product approved for
clinical use.

The regulatory approval of PR-melatonin for
this indication represents a new therapeutic prin-
ciple in insomnia therapy, particularly for elderly
patients. Its efficacy in improving QOS and
morning alertness in patients aged 55 years and
above is derived from the physiological function
of the endogenous hormone as a sleep regulator
and circadian clock synchronizer. It is the only
insomnia drug demonstrated to improve day-
time performance. Importantly, and unlike the
benzodiazepine and nonbenzodiazepine hypnot-
ics, PR-melatonin treatment is not associated
with memory impairments, residual daytime or
hangover effects, and there is no rebound insom-
nia or withdrawal symptoms upon discontinua-
tion. This is likely to generate interest among
practitioners and patients.

The long-term efficacy of PR-melatonin
remains to be investigated. Proof of efficacy is
based on 21 days of treatment. Although insom-
nia tends to be chronic, the minimal treatment
period needed to attain full benefit would be of
interest for future research.
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PR-melatonin has not been granted market-
ing authorization for indications other than for
short-term treatment of primary insomnia in
patients aged 55 years and over. However,
future developments may lead to its approval
for other indications. For example, the appar-
ent potentiation of benzodiazepine hypnotics
by PR-melatonin indicates that PR-melatonin
may effectively facilitate discontinuation of
benzodiazepine therapy while
good quality sleep [75]. Trials of PR-melatonin

maintaining

for other indications, including nocturnal
hypertension and benign prostate hyperplasia,
are ongoing.
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- Mechanisms of action
Copy

W@@re er‘gfe@\o ; Ie atonin was recentl?/@grfg%@@i rea’ﬁn\fof |r%%'nﬁ@ o

characterized by poor quality of sleep, in patients aged 55 years and older. It exerts its action by
mimicking the release profile of the endogenous hormone.
¢ Melatonin acts via its own receptors (MT1 and MT2), which are members of the G-protein-linked family.

o |t

. Fo@l

as 6- sulfatoxEmelatonm

the nocturnal period.

Clinical efficacy

Safety & tolerability

withdrawal symptoms.

Drug interaction

Dosage & administration

P ncl alSiriouion., ..
J@%mmﬁ@ﬂmmme

between 20-240 min aniygtzpemsts for up to 1.5 h, depending on dose, before declining.

¢ A PR formulation was developed with the intention of circumventing the rapid clearance and
mimicking the physiological release profile of the hormone.

e Peak plasma levels occur at 2.6 h and persist over 3.5 h after ingestion before declining, thus covering

¢ Objective evidence of efficacy of PR-melatonin 2 mg was demonstrated in a double-blind, placebo-
controlled sleep laboratory study in 40 insomnia patients aged 55 years and older. PR-melatonin
reduced sleep-onset latency by approximately 50% (9 min more than that with placebo; p = 0.011)
and significantly improved daytime psychomotor performance.

¢ Two randomized controlled trials have demonstrated efficacy of PR-melatonin 2 mg using subjective
assessments of sleep quality in 170 and 354 insomnia patients aged 55 years and older, respectively.
PR-melatonin significantly improved quality of sleep and morning alertness compared with placebo
(47 vs 27%; p < 0.01 and 26 vs 15%; p = 0.014, respectively) and quality of life (p = 0.038).

¢ The incidence of adverse events with PR-melatonin was low and less than with placebo.
¢ Some of the adverse effects include headache, pharyngitis, back pain and asthenia.
e PR-melatonin does not impair memory or psychomotor and driving skills and has no discernible

¢ PR-melatonin potentiated the effects of benzodiazepines and nonbenzodiazepines.
¢ No safety concerns were raised with concomitant use of other commonly used medications
(e.g., antihypertensive, antidiabetic and lipid-lowering drugs).

¢ Melatonin is available as PR tablets for oral use. The recommended dose is 2 mg 1-2 h before
bedtime after food. This dose should be continued for 3 weeks.
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