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Abstract

Background Melatonin is an endogenous substance which plays a key role in sleep induction by reducing sleep onset latencys;
it has been approved by the European Food Safety Authority as a food supplement for exogenous administration. Oniria® is a
food supplement formulated as 1.98 mg of prolonged-release melatonin tablets; it displays a dual dissolution profile in vitro.
Objectives The main objective of the present study was to evaluate the relative oral bioavailability of Oniria®, in comparison
with immediate-release tablets (IRT) with a similar melatonin content as a reference. We also attempted to characterize the
circadian rhythm of endogenous melatonin.

Methods We performed an open-label, cross-over, randomized, phase I clinical study with two sequences and three periods
involving 14 healthy volunteers. We characterized the endogenous melatonin circadian profile (period 1) and pharmacoki-
netics (PK) of both Oniria® and the reference melatonin (periods 2 and 3).

Results Two phases were clearly differentiated in the PK profile of Oniria®. An initial one, from dosing up to 2 h, and a
delayed one from 2 to 11 h post-administration. During the initial phase, both melatonin formulations were equivalent, with
a C,,, value close to 4000 pg/mL. However, in the delayed phase, Oniria® showed significantly higher melatonin concentra-
tions than the IRT (three times higher at 4-6 h post-administration). Moreover, Oniria® exhibited concentrations above the
endogenous melatonin peak of 80 pg/mL for up to 2.5 h versus the reference formulation, potentially suggesting an effect of
Oniria®, not only in the induction of sleep, but also in the maintenance.

Conclusion Oniria® could be a highly promising food supplement, not only for sleep induction but also for the maintenance
of sleep.

Key Points

This study provides a comparison between the pharma-
cokinetic profile and oral bioavailability of a melatonin
prolonged-release and a melatonin immediate-release
formulation.

> Dolores Ochoa Mazarro
mdolores.ochoa@salud.madrid.org

Clinical Pharmacology Department, Hospital Universitario

de La Princesa Instituto de Investigacion Sanitaria La
Princesa (IP), Universidad Auténoma de Madrid (UAM), C/
Diego de Leon, 62, 28006 Madrid, Spain

2 Plataforma SCReN (Spanish Clinical Research Network),
Instituto de Investigacion Sanitaria La Princesa (IP), Madrid,
Spain

3 ITF Research Pharma S.L.U, Madrid, Spain

Centro de Investigacién Biomédica en Red de Enfermedades
Hepaticas y Digestivas (CIBERehd), Instituto de Salud
Carlos III, Madrid, Spain

Bioequivalence of Oniria® and Melatoplus® were not
demonstrated based on the differences found in pharma-
cokinetic measures (C,,,,, AUC).

max?

Oniria® showed up to three times higher levels of plasma
melatonin 4-6 h post-administration. The two-phase
release formulation of Oniria enabled melatonin levels to
be kept higher than those of peak physiologic melatonin
up to 8 h after dosing.
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1 Introduction and Background

Melatonin is an endogenous lipophilic hormone principally
produced by the pineal gland [1]. It regulates the circadian
rhythm and its synthesis is controlled by the suprachiasmatic
nucleus (SCN). Melatonin physiological synthesis is sup-
pressed by light, resulting in low hormone plasma concentra-
tions during the day (< 10 pg/mL). Maximum peak hormone
plasma concentration is around 2—4 a.m. (60 pg/mL) [2, 3].
Melatonin therefore plays a decisive role in the physiological
control of the circadian sleep—wake cycle [4, 5].

Sleep interruption is known to increase with age; con-
sequently, total sleep time and sleep efficiency undergo a
consistent decrease [6]. Moreover, melatonin production
diminishes with age—up to 50% in the elderly, in inverse
correlation with the frequency of poor sleep quality, and it
has therefore been suggested that melatonin deficiency is at
least partly responsible for sleeping disorders [7].

Correct sleep is essential for physical and mental health.
It is known that poor sleep quality constitutes a risk factor in
certain conditions such as obesity, diabetes, heart diseases,
depression [8], limited cognitive ability [9—11] and lower
physical performance.

Endogenous melatonin presents linear kinetics. Follow-
ing exogenous oral administration of an immediate-release
formulation, melatonin half-life ranges from 45 to 65 min.
It is rapidly metabolized and is completely eliminated in
3—4 h. In general terms, with a prolonged-release form, a
delay in the peak dose can occur; this ranges from 90 to 210
min, depending on the type of preparation. The half-life may
be also lengthened, reaching from 3.5 to 4 h [7]. Thus, pro-
totypical prolonged-release forms provide slower and more
sustained absorption than the immediate-release ones, the
peak dose is delayed and of a lesser magnitude, and levels
are maintained from 8 to 10 h, a datum similar to the physi-
ological secretion curve of endogenous melatonin. Thus, this
type of prolonged-release melatonin might be mimicking the
physiological melatonin secretion curve [2].

Exogenous administration of melatonin as a food sup-
plement was assessed and approved in 2010 by the EFSA
(European Food Safety Agency) for the purpose of reducing
sleep onset latency, thus favoring induction of sleep [12].

Oniria® is a new melatonin product formulated as pro-
longed-release oral tablets. Oniria® presents a dual dissolu-
tion profile in which approximately 50% is released in the
first 20 min (initial phase), and the remaining 50% is main-
tained for up to 5 h (slower release phase) [13]. The present
study attempted to investigate the relative oral bioavailability
of this new formulation compared with an immediate-release
formulation with a similar melatonin content. As a second-
ary objective, we characterized the pharmacokinetic profile
of endogenous melatonin.
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2 Materials and Methods

The study was conducted in accordance with the Basic &
Clinical Pharmacology & Toxicology policy for experimen-
tal and clinical studies [14]. Furthermore, the study was con-
ducted and data were processed in accordance with Span-
ish legislation, the International Council on Harmonization
(ICH) guidelines on Good Clinical Practice E6 (R2) [15] and
the Revised Declaration of Helsinki [16]. The study protocol
was revised and approved by the Research Ethics Commit-
tee of the Hospital Universitario de La Princesa on 19 May
2020. All enrolled volunteers signed the informed consent
on participating in the study.

2.1 Study Formulations

The test product was melatonin 1.98 mg formulated as
prolonged-release tablets; it is marketed by Italfarmaco
under the name Oniria®. The reference product was 1.99-
mg immediate-release melatonin tablets (IRT), marketed by
Lavigor laboratories under the name Melatoplus®.

2.2 Study Population

The study population comprised 14 healthy volunteers
enrolled in an investigational study performed at the Clini-
cal Trial Unit of Hospital Universitario de La Princesa
(UECHUP).

Prior to inclusion in the study, all subjects were subjected
to a thorough examination to establish their suitability to
participate in the study.

The volunteers had to meet the following inclusion cri-
teria: men or women aged from 20 to 45 years, body mass
index (BMI) of 18.5-25.0 kg/m? and not diagnosed with
relevant clinical conditions or analytical alterations.

Exclusion criteria involved positive drug screening (for
cannabis, opiates, cocaine, or amphetamines); the following
were also excluded: any pharmacological treatment in the
last 15 days, smoking, daily consumption of alcohol and/
or acute alcohol poisoning in the last week, having donated
blood in the previous month, pregnant or breastfeeding
women, history of difficulty swallowing, history of difficulty
falling asleep, or non-routine sleep patterns.

2.3 Study Design and Procedures

This was an open, randomized, three-period and two-
sequence, crossover phase I study; it was conducted under
fasting conditions. The study was blinded for analytical
determination of the two melatonin formulations.

Washout period was 2 days between each period. Forty-
eight hours before starting each period of the study, the
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volunteers had to refrain from taking drugs, alcohol and
any food or drink containing methylxanthines. These restric-
tions were maintained throughout the time the samples were
taken.

During the first period, volunteers were not administered
any study formulation. The objective of this initial period
involved describing the circadian profile of endogenous
melatonin in each participant. In this first period of the
study, 26 blood samples (approximately 5 mL each) were
collected from each volunteer at the following timepoints:
—12h,—11h,—10h,-9.5h,—9h,—85h,—8h,—-7h,
—6h,—5h,—4h,—3h,—2h, — 1 h, baseline (in relation
to time of product administration in periods 2 and 3), 0.5 h,
1h,1.5h,2h,3h,4h,5h,6h,7h,9h, 11 h.

In the other two periods, exogenous melatonin was
administered at approximately 10 a.m. and 20 blood sam-
ples (approximately 5 mL each) were collected from each
volunteer at the following time points: — 2 h, — 1 h (prior to
melatonin administration), baseline (4 min before receiving
the product), and 0.25h,0.5h,0.75h, 1 h, 1.5h,2h, 2.5h,
3h,35h,4h,5h,6h,7h,8h,9h, 10hand 11 h following
administration.

Throughout the three periods, conditions were identical;
volunteers remained in a supine position for 17 h (from — 12
to + 5 h post-dose, unless they needed to use the washroom)
and with their eyes covered with a mask (from — 12 h to
product administration/baseline sample) to protect them
from any light exposure. The volunteers were kept in the
dark without any source of light.

2.4 Randomization and Administration Process

Treatment was allocated by randomization in balanced
blocks of two individuals, with a table of random numbers,
to establish a classic cross-over design comprising three
periods and two sequences. We assigned to each volunteer
a sequence of treatment CTR or CRT being C: Circadian
rhythm of endogenous melatonin, T: Melatonin 1.98-mg
tablets (Oniria®) and R: IRT 1.99 mg.

In periods 2 and 3, the volunteers fasted for at least 8 h
prior to drug administration. The corresponding formulation
was administered orally with 240 mL or 8 oz of water. No
food or water intake was allowed for at least 5 h after dose
administration.

To guarantee treatment compliance, products were dis-
pensed by a member of the research staff.

2.5 Bioanalytical Method

Melatonin concentrations in human plasma samples were
measured by means of liquid chromatography coupled to
tandem mass spectrometry (triple quadrupole) with an ESI
probe in a contract laboratory. The method was previously

validated according to European Medicines Agency (EMA)
regulations [17]. The limit of quantification was 10 pg/mL;
values under this threshold are considered as O for descrip-
tive statistics calculation.

2.6 Pharmacokinetic Analysis

We calculated pharmacokinetic parameters employing a
non-compartmental analysis with WinNonLin Professional
Software (version 8.3, Pharsight Corporation, California,
USA).

The primary variables for assessing bioavailability were
defined as follows [18-20]:

e AUC,, Area under the time versus drug concentration
curve from 0 to the last observation calculated according
to the linear trapezoidal rule.

* AUC,. ;s Area under the time versus drug concentration
curve from 0 to infinity.

e C,,. Observed maximum plasma drug concentration.
We calculated the AUC,_, following the trapezoidal rule.

The terminal rate constant (ke) was calculated by linear

regression of the log-linear part of the concentration—time

curve. The AUC between ¢ and infinity was estimated as Ct/
ke (AUC,,»). The AUC between 0 and o was calculated
as AUC,, + AUC,,; (AUC,;,p). We determined half-life

(t,,) was calculated as —In 2/ke. The remaining pharmacoki-

netic parameters were directly obtained from the concentra-

tion—time curves: maximum concentration (C,,,,,) and time

to reach C,,, (00
For bioavailability assessment, the confidence interval

(CI) of 90% for the corresponding mean ratios (test over

reference) must be within the predefined bioavailability

acceptance range of 80.00-125.00%. According to EMA

guidelines, a statistical evaluation of 7, is not required [19].

2.7 Safety Assessment

We compiled adverse events (AEs) spontaneously reported
by volunteers or those reported after an open related ques-
tion. Causality assessment was performed following the
algorithm of the Spanish pharmacovigilance system. This
algorithm evaluates different criteria such as (a) time and
location sequence between drug exposure and AE onset, (b)
information on the AE contained in previous literature, (c)
drug withdrawal effect and (d) effects following re-exposure
to the drug, in order to classify the AE—drug relationship as
definite, probable, possible, conditional or unrelated [21].
In addition, all volunteers performed a follow-up visit
after completing period 3. In this visit, all volunteers were
subjected to a safety analysis (hematology, biochemis-
try, coagulation and urinalysis) and the female volunteers

A\ Adis



238

M. Roman Martinez et al.

underwent a pregnancy test. Changes in sleep patterns were
not addressed during the study.

3 Results
3.1 Demographic Characteristics

Fourteen healthy volunteers (7 male and 7 female) were
enrolled in the study. All volunteers met all the selection
criteria, and they all completed the study according to the
protocol (Fig. 1).

The volunteers had an average age of 29 years (range
20-45), mean height 1.70 m (range 1.55-1.81), mean weight
63.3 kg (range 52.1-77.3) and mean BMI of 21.8 kg/m?
(range 19.1-24.8) (Table 1). No significant differences were
observed between male and female subjects.

3.2 Pharmacokinetics

The means of plasma melatonin concentration reached at
each sampling point are shown in Figs. 2 and 3. Endog-
enous melatonin reached a peak at a plasma concentration
of 80 pg/mL around 3 a.m. (Fig. 2), which is in line with
data from previous studies [22]. The concentrations reached
after either of the two forms of exogenous melatonin admin-
istration increased almost 50-fold the endogenous melatonin
peak, which was close to 4000 pg/mL as shown in Fig. 3,
Panel A. Similarly, Panel A reveals how the pharmacokinetic
exogenous melatonin profiles are similar from dosing to 2 h
after administration (initial phase). Fig. 3, Panel B shows

Fig.1 Study flowchart. C
circadian rhythm of endogenous
melatonin, R IRT 1.99 mg,

T melatonin 1.98-mg tablets

(Oniria®)

ENROLLMENT

Table 1 Demographic characteristics of the study population

Descriptive Weight (kg) Height (m) BMI (kg/m?)

statistics

Age

Male (N=17)
Female (N =7)
Total (N = 14)

32.3(8.7) 66.3(7.5)
25.7(7.7) 60.4(1.3)
29.0 (8.6) 63.3 (7.8)

1.74 (0.04) 21.9 (1.8)
1.67 (0.07) 21.7 (2.0)
1.70 (0.07) 21.8 (2.1)

Data shown as mean (SD)

the different pattern of the two melatonin formulations after
reaching maximum concentration, thus demonstrating that
Oniria® concentration remains higher at all sampling points
from 2 h following product administration (delayed/retarded
phase).

In the delayed phase, plasma melatonin concentration
4—6 h post-administration exhibited a significant increase
with Oniria® compared with IRT (three times higher; Fig. 4).
In addition, Oniria® showed concentrations still surpassing
the described endogenous melatonin peak of 80 pg/mL
6-8.5 h post-administration (2.5 h longer than the reference
formulation) (Fig. 4).

Table 2 concisely characterizes the kinetic parameters
for both exogenous and endogenous melatonins in the
whole study group, expressed as arithmetic means (+ SD),
as well as interindividual variability. T,,,, is expressed as
median (range). The melatonin primary endpoint means
for the bioavailability study provide different results for
the two exogenous melatonin formulations, and these pro-
files are therefore not comparable. These differences are
25.07% in AUC,_,, 25.33% in AUC,,_,, and — 0.57% in C,

max

| Assessed for eligibility (n=36) |

No participated (n=22)

¢ Not meeting selection criteria (n=14)
¢ Declined to participate (n=5)

A

¢ Reserve (n=3)
Randomized (n=14) |

:

l

ALLOCATION l

Allocated to CRT sequence (n=7)

¢ Received allocated intervention (n=7)

‘ Allocated to CTR sequence (n=7)

¢ Received allocated intervention (n=7)

v

FOLLOW-UP

v

Lost of follow-up (n=0)

Discontinued intervention (n=0)

Discontinued intervention (n=0)

I Lost of follow-up (n=0)

|

ANALYSIS

Analysed (n=7)

Excluded from analysis (n=0)

‘ Analysed (n=7)

Excluded from analysis (n=0)
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Fig.3 Mean plasma melatonin concentrations over time obtained
after administration of exogenous melatonin formulations in fasting
conditions, compared with the endogenous melatonin profile. A Lin-
ear plot of plasma concentrations versus time obtained after adminis-
tration of melatonin 1.98 mg prolonged-release tablets (Oniria® from
Laboratorios ITF Research Pharma S.L.U, test product in fasting
conditions), reference melatonin 1.99 mg (immediate-release tablets,

on comparing Oniria® with the reference product. The
interindividual variability in C,,,, and AUC was similar
for both formulations: coefficient of variation of 75.61%

2 3 4 5 6 7 8 9 10 n

Melatoplus® from Laboratorios Lavigor, in fasting conditions) and
endogenous melatonin. B Semilogarithmic plot of plasma concentra-
tions versus time obtained after administration of melatonin 1.98 mg
prolonged release tablets (Oniria® from Laboratorios ITF Research
Pharma S.L.U, test product in fasting conditions), reference melatonin
1.99 mg (immediate-release tablets, Melatoplus® from Laboratorios
Lavigor, in fasting conditions) and endogenous melatonin

for C,,,, and 70.99% for AUC,, for Oniria®; 63.74% for
Cph.x and 62.62% for AUC,,_, for IRT.
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Fig.4 Linear plot of mela-
tonin plasma concentration in
the 2-11 h timeframe post-
administration (delayed phase). 1200 %
Mean plasma concentrations of s :
exogenous melatonin formula- \
tions administered in fasting 900 5
conditions, compared with
endogenous melatonin profile.
x3 indicates three times higher
Oniria melatonin concentration 7
vs Melatoplus

1500 — -,
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The main results of the statistical analysis are summa-
rized in Table 3. Melatonin bioavailability of Oniria® versus
IRT melatonin was demonstrated to be different, because the
90% CI for the corresponding mean ratios (test over refer-
ence) was not within the predefined bioavailability accept-
ance range of 80.00-125.00 [18-20]. In addition, an explora-
tory analysis was performed in the partial areas from hour O
to hour 2 post-administration, where the absorption process
takes place; and from hour 2 to 11 post-administration, in
which greater availability of Oniria® was observed. Based
on a model-independent approach, this mean ratio of Oniria®
over IRT was 105.59 for AUC,_, ;, (90% CI 90.82-122.77)
and 165.92 for AUC,_,; , (90% CI 137.11-200.78). In sum-
mary, in the initial absorption phase (up to 2 h post-adminis-
tration), the bioavailability of both formulations was similar.
However, the relative bioavailability for Oniria® from 2 h to
11 h after administration was higher than that of IRT.

In the case of ¢, the median value for melatonin was
0.50 h for Oniria® and 0.75 h for IRT (15 min), with a range
of 0.25-1.50 h for both formulations.

The calculated intraindividual coefficients of variation
estimated were 19.31% for AUC,_, and 34.15% for C,

max-*

3.3 Safety

Only three adverse events were reported in the study (aller-
gic rhinitis, dysmenorrhea and insect bites on back and legs);
the causality assessment performed indicated that these were
unrelated to the study treatment.

We observed no major changes (to values above 2X upper
limit of normal) in the laboratory parameters attributed to
any study formulation during the study. The most frequently
reported changes involved decreases in erythrocytes, hema-
tocrit or hemoglobin. A clinically negligible decrease of
0.37 g/dL (0.24 g/dL in men and 0.51 g/dL in women) was
observed in hemoglobin level, which can be accounted for
by the sampling conducted during the study.
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4 Discussion

This phase I clinical trial was designed as a single oral dose,
open-label, cross-over, randomized study comprising two
sequences and three periods to evaluate the pharmacokinet-
ics of two exogenous oral melatonin formulations. These
products consisted of prolonged-release melatonin 1.98-mg
(Oniria®) and immediate-release melatonin 1.99-mg tab-
lets. Throughout the three periods, 14 healthy volunteers
were hospitalized 14 h before product administration time
(10:00 a.m.) and released 11 h after the baseline. The endog-
enous melatonin circadian profile (period 1) and the pharma-
cokinetics of both melatonin formulations (periods 2 and 3)
were evaluated from plasma concentrations.

Regarding endogenous melatonin levels (subjects with
an age range of 20—45 years and a mean age of 29 years),
a mean plasma peak of 80 pg/mL was reached in the time
curve (Fig. 2); these data are in line with previously pub-
lished studies [22].

The pharmacokinetic profile of Oniria™ corresponded to
a dual two-phase formulation with an initial phase, observed
up to 2 h after administration, of rapid and intense release,
followed by a slower and gradual retarded phase up to 68
h after administration. These results are consistent with the
in vitro dual dissolution profile previously demonstrated for
the product [13]. Conversely, the reference product displayed
an early, one-phase, shortened release, which tallies better
with the behavior of a classic immediate-release formula-
tion [7].

In the exploratory analysis applied to the partial areas,
we observed that from time 0 to hour 2, when the absorp-
tion process takes place, the bioavailability of both formu-
lations was similar, although ¢, for Oniria® was reached
15 min faster than that of the reference melatonin formula-
tion (0.50 h vs 0.75 h, with a range of 0.25-1.50 h for both
formulations). In contrast, in the partial area from 2 to 11 h

(delayed phase), the relative bioavailability for Oniria® was

®
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Table 2 Melatonin pharmacokinetic parameters. Pharmacokinetic parameters of 1.98-mg prolonged-release tablets (Oniria® from Laboratorios ITF Research Pharma S.L.U, test product in fast-

ing conditions), reference melatonin 1.99 mg (immediate-release tablets, Melatoplus® from Laboratorios Lavigor, in fasting conditions) and endogenous melatonin

T nax Median
(range)

TleX (h)

t, (h)

AUC, j, (h*pg/

mL)

AUC,, (h*pg/

mL)

Chnax (pg/mL)

AUC,, (h*pg/

mL)

AUC ;¢ (h*pg/

mL)

0.50 (0.25-1.50)

0.54
0.34

08

1.

3812.61

2934.8
76.98

4950.25

4155.59
3142.01

75.61

8758.6
6218.14
70.99

8801.42

Oniria®

SD
CVe

0.38

3342.76
67.53

6279.69
71.35

62.96
0.75
0.4

35.19
0.

0.75 (0.25-1.50)

84

2180.74
1397.98

64.11

4830.32
3248.83
67.26
13.56

4179.53

2663.84
63.74
91.73

7002.79

7022.74

Melatoplus®

SD
CVe

0.14

4385.25
62.62

4381.6
62.39

53.33
5.82

16.67

5.50 (2.50-10.00)

Not calculated

1.62

701.44

729.4

Endogenous

profile

SD
CVe

2.30

340.82 42.71 21.81 6.06

48.59

331.11

39.52

160.91 374.17

46.56

45.39

AUC,., , area under the time versus drug concentration curve from hour O to hour 2 post-administration, AUC, ;,;, area under the time versus drug concentration curve from hour 2 to hour 11

post-administration, AUC,y.;,,- area under the time versus drug concentration curve from 0 to infinity, AUC,,, area under the time versus drug concentration curve from 0 to the last observation
calculated according to the linear trapezoidal rule, C,,,, observed maximum plasma drug concentration, C'Ve coefficient of variation, SD standard deviation, t,, half-life, 7,,,, time to reach C,,

Table 3 Bioequivalence analysis (confidence interval [CI] 80.00-
125.00)

Parameter  Units Ratio %  Classical 90% CI (test/reference)
Lower 90% CI ~ Upper 90% CI

Cax pg/ml 94.18 74.83 118.55

AUC, h*pg/ml  121.71 106.86 138.61

AUC i h*pg/ml  121.63 106.73 138.62

AUC, h*pg/ml  105.59 90.82 122.77

AUC, |, h*pg/ml 16592 137.11 200.78

AUC,, ;, area under the time versus drug concentration curve from
hour 0 to hour 2 post-administration, AUC,_;;, area under the time
versus drug concentration curve from hour 2 to 11 post-administra-
tion, AUCO,,, area under the time versus drug concentration curve
from O to infinity, AUC,_, area under the time versus drug concentra-
tion curve from O to the last observation calculated according to the
linear trapezoidal rule, C,,,. observed maximum plasma drug concen-
tration

higher, showing levels above the endogenous melatonin peak
for 2.5 additional hours in comparison with the IR melatonin
formulation. Additionally, from 4 to 6 h post-administration,
Oniria® provided plasma melatonin levels that were three
times higher than those produced by IRT.

Considering that both formulations possess a different
release profile, they did not prove to be bioequivalent when
administered as a single oral dose under fasting conditions.
Although during the initial phase the pharmacokinetic pro-
file is consistent with two bioequivalent products, from 2
h post-administration (delayed/retarded phase) the pharma-
cokinetic profile started to differentiate due to the different
release patterns of both melatonin products.

Taking into account the similar melatonin content of both
formulations (1.98 vs 1.99 mg), the immediate-release phase
included in the dual profile of Oniria® would justify a similar
Cpax and t,,. in comparison with the IRT. Moreover, the
slower release during the following hours might account
for the eventual increase in AUC parameters and overall
greater bioavailability of Oniria® in relation to the refer-
ence melatonin (Table 2). A differential influence of other
physicochemical variables, such as the differences between
both formulations with regard to particle size, surface area,
pH effect or overall dissolution rate cannot be completely
ruled out.

In the present study, Oniria® produced levels of mela-
tonin much higher than those achieved by endogenous mel-
atonin; these were maintained for approximately 8 h post-
administration. In other words, this appears to indicate
that Oniria® can produce melatonin levels clearly higher
than the endogenous melatonin plasma peak for as many as
6-8.5 h after administration, thus corresponding theoreti-
cally to a regular end-of-sleep period (5 a.m.—7.30 a.m.
in case the product is taken at 11 p.m., for instance).
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Furthermore, according to the data provided by this study,
Oniria® would appear to maintain higher plasma melatonin
concentrations of over 2.5 h compared with an IRT, and
this would suggest improved sleep duration.

In this sense, it is difficult to establish the plasma con-
centration of melatonin required to induce sleep and, to
the best of our knowledge, no studies specify this. None-
theless, assuming that plasma concentrations above the
endogenous melatonin peak are effective with regard to
inducing and maintaining sleep, it is hypothesized that
Oniria® could be effective not only for sleep induction, but
also for maintaining sleep throughout the whole sleeping
cycle. It might be of interest to conduct further studies to
investigate the effects of Oniria® at both the pharmaco-
dynamic and clinical levels, including its hypnotic effect
(induction and maintenance). Despite the fact that there is
no clear association between aging and melatonin absorp-
tion (although a high degree of interindividual variabil-
ity [12, 23, 24] has been established), it is also of great
interest to evaluate melatonin bioavailability in age groups
susceptible to sleep disturbances.

The overall safety analysis of both formulations pro-
vided comparable results, a fact that is in accordance with
the literature, although no statistical analysis of safety
data was performed. All adverse events were resolved
by the end of the trial. We detected no clinically signifi-
cant anomalies in the analytical results, except for a small
decrease in the mean hemoglobin value; this has no clini-
cal relevance and can be accounted for by the blood extrac-
tions required for the trial. These results concur with those
of previous analyses, which demonstrate the absence of
any serious side effects following administration of exoge-
nous melatonin, even at doses higher than those of Oniria®
and up to 20 mg [25, 26].

5 Conclusion

Our results show that Oniria® presents a two-stage phar-
macokinetic profile that exhibits higher plasma melatonin
concentrations compared with endogenous melatonin. The
release phase of Oniria® is longer lasting than an IR for-
mulation. This renders Oniria® a highly promising food
supplement, not only for sleep induction but also for the
maintenance of sleep.
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