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Abstract
Melatonin is a hormone with multiple actions, one of which, with proper administration, is the ability to control weight and prevent cardiovascular illnesses 
associated with obesity and diabetes. So, this work focuses on the design and creation of bilayer tablets which, through the top layer, permit a faster melatonin release 
after administration and, through the other layer, offer an extended release over time. The tablets are characterized from a technological perspective and have been 
subjected to disintegration and release tests to help determine their biopharmaceutical profile. 
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Introduction
Melatonin is a hormone that is found naturally in the organism 

in varying concentrations, depending on the diurnal/nocturnal 
cycle. It is mainly produced in the pineal gland and it participates in 
a wide variety of cellular, neuroendocrine and neurophysiological 
processes. One of its most noteworthy characteristics, with respect 
to the pineal biosynthesis of melatonin, is its variability over a 24-
hour cycle and its precise response to changes in environmental 
light. Depending on the dosage administered, its therapeutic effects 
differ; therefore, a relationship exists between dosage and therapeutic 
response. In fact, melatonin is used to treat insomnia, sleep disorders, 
neurodevelopmental disabilities, muscular dystrophy and as an 
alternative to the prophylactic preventive treatment of migraines 
[1]. Furthermore, Ahmad, et al. [2] revealed that the consumption 
of melatonin by obese diabetic rats helped to regulate their weight 
increase, stimulating the appearance of “beige fat”, a type of fatty cells 
that burn calories instead of storing them, thus helping to control body 
weight. The levels of this “good fat” not only increased in the obese rats, 
but also in thin animals that were used as a control group. Therefore, 
with proper administration, MT may help control weight and prevent 
cardiovascular illnesses associated with obesity and diabetes [3]. 

The aim of this work is to produce bilayer melatonin tablets, 
made up of different components, that produce a fast-release and 
slow-release phase, in order to obtain a sequential release at different 
times, thus extending the therapeutic effect of the active ingredient 
[4]. Bilayer tablets are novel drug delivery systems [5] of increasing 
importance over recent years in the treatment of distinct diseases and 
in the production of different therapeutic actions [6]. In these systems, 
two or more drugs are compressed on top of one another to form a 
single unit. When two or more incompatible active ingredients are to 
be delivered, the creation of a bilayer tablet is the best option [7]. And 
for sustained release tablets, one layer is released immediately as an 
initial dose and a second layer provides the maintenance dose [8,9].

The formulations under study were subjected to different 
technological trials to determine tablet dimensions and organoleptic 
characteristics, as well as the uniformity of mass, swelling capacity, 

hardness, disintegration and dissolution, in accordance with USP 
(United States Pharmacopeia) guidelines [10]. 

Materials and methods
Materials

Melatonin has been supplied by Methapharmaceutical IND SL 
(Barcelona, Spain). Ascorbic acid, Stearic acid, Lactose, sodium-
CMC, Carbopol 934, Chitosan, Talc, Magnesium stearate, Sodium 
bicarbonate, Potassium carbonate, Magnesium stearate and all reagents 
used were purchased from Fagron Ibérica (Barcelona, Spain).

Methods

Tablets Design and Preparation: The formulation designed for 
a fast-release of melatonin contains a base with effervescent mixture 
to accelerate layer disintegration. Slow-release formulation contains 
retarding polymers, which assure a controlled melatonin release. 
Tablets were prepared by using a manual hydraulic press (SPECAC 
SC-15011, Spain) with a 13 mm diameter die on a single-punch and a 
compression force of 15 tons for 30 s. Single-layer tablets were designed 
for slow- and fast-release formulation to study them on separately. Then 
a double-layer tablet was produced as final dosage form by layering in 
sequence both formulations (slow-, fast-release) in press matrix before 
compression. 

Table 1 shows the components and amounts used to make the 
different layers of the tablet. The total dose of melatonin per tablet was 
6 mg (3 mg of drug in each layer) and the total weight of the tablet was 
approximately 480 mg. We used different polymer concentrations during 
the slow phase to obtain tablets with the correct hardness (Table 1). 
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times 1, 2, 4, 6, 8 y 24 hours. This plating procedure was carried out in 
triplicates. Previously, the melatonin assessment method was validated, 
being effective, precise and exact.

Results and Discussion
Pharmaceutical Tablet Formulation

Various polymer concentrations have been tested: chitosan, 
Carbopol® 934, and Na-CMC, but the one offering the best results is 
shown in Table 1. As shown in Table 1, slow-release layer formulations 
were examined, selected from previous pre-formulation work. For this, 
polymers (chitosan, Carbopol® 934, Na-CMC), which are capable of 
gelling in the presence of gastrointestinal fluids, were used and tested 
at different concentrations. Hydrophilic hydropolymers at moderate 
concentrations (10-30% m/m) were used, forming a hydrophilic matrix. 
Upon entering into contact with water, these polymers experience rapid 
molecular hydration, forming a gel layer across the entire surface that 
controls the release of the active ingredient [13-15]. In this way, the 
slow release of melatonin is achieved using a hydrophilic matrix system. 
Although Carbopol® has many advantages such as good mucoadhesive 
properties and a high gelling ability, it also has the disadvantage of being 
very sensitive to the medium’s pH, as mentioned above. Therefore, we 
considered the formation of an interpolymer complex (IPC) formed by 
the interaction of Carbopol® and chitosan. The use of this IPC explains 
the slight variation in the pH, solving the problem of Carbopol® pH 
dependence since its carboxyl groups are complexed with protonated 
amine groups of chitosan. Thus, there is a reduction in pH-dependent 
drug release and a controlled release was possible.

On the other hand, the fast-release layer composition was the same 
for each formulation examined. So, double-layer tablets were obtained, 
with a final weight of 480 mg (Figure 1). 

Technological Physical Characterization

Once formulations were made via direct compression of the 
excipients, white bilayer tablets were obtained with no appreciable 
odor, a soft texture and smooth edges. 

Tablets were technologically evaluated to determine diameter, 
thickness, mass uniformity and crushing strength [16,17]. In order 
to promote patient compliance, tablet diameter and thickness were 
carefully measured. Tablets were subjected to a hardness test and 
appropriate compactness and hardness were required in order to resist 
mechanical stress. Finally, the tablets offered a hardness of 38.33 N, 

Technological Physical Characterization: Tablets were studied 
technologically [11] in terms of diameter, thickness, mass uniformity, 
and crushing strength Mass uniformity and crushing strength were 
analysed according to United States Pharmacopeia. Mass uniformity 
was evaluated using a precision balance (A&D Europe GmbH, 
Germany), data is reported as an average of 20 measurements ± SD. 
Crushing strength was measured using a hardness tester (Pharm.Test, 
Germany), data shown is an average of 10 measurements ± SD. 

Swelling Study: In order to evaluate swelling capacity, expressed 
as hydration percentage, single-layer tablets constituted by matrix 
polymers were weighted (W1) and placed into a pre-weighed stain 
less steel basket with 200-mesh aperture. Then, mesh containing each 
tablet was submerged into 25 mL simulated gastric fluid at 37 ± 0.1 °C 
in a glass beaker allowing tablets to swell. Baskets were removed from 
beakers and reweighed at predetermined times (W2) after removing 
the excess water with a filter paper. The experiment was carried out in 
triplicate and the final data for swelling index (%) 

Swelling (%) = (W2 – W1) x 100/W2 

Dosage Forms Disintegration: Disintegration assay was carried 
out according to USP 43. Double-layer tablets were studied in order 
to determined time of effervescency and time required for tablets 
disintegration. The experiment consisted of placing tablets on a 
perforated plate that allowed their contact with the medium (800 mL) 
at 37 ± 0.1 °C and covered them in the top by a glass plate. The tablets 
will be found inside a “chamber” that would keep the moisture.

Disintegration assay is considered complete when:

•	 There is no residue on the grid.

•	 If there is residue, it is made up only of a soft mass that does not 
constitute a non-impregnated core.

•	 Only fragments of the tablet coating that adhere to the device 
remain on the grid.

In vitro melatonin Release Study: The release of melatonin from 
tablet was studied using the USP 43 dissolution apparatus II with a 
paddle speed of 100 rpm. Dissolution medium consisted of 500 mL 
gastric fluid (pH 5.5) at 37 ± 0.1 °C. Melatonin released along 24 h 
was determined by spectrophotometry at 307 nm [12] at established 

Slow-release layer Formulation (mg)
Melatonin 3
Ascorbic acid 13
Lactose 10
Na-CMC 60
Carbopol 934 150
Chitosan 30
Talc 4
Magnesium stearate 1
compound weight slow-release layer 271
Fast-release layer
Melatonin 3
Potasium carbonate 1
Sodium bicarbonate 100
Ascorbic acid 60
Stearic acid 40
Magnesium stearate 5
compound weight fast-release layer 209
Total weight 480

Table 1. Bilayer tablets formulation 

Figure 1. MT bilayer tablets
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offering them a high resistance during their handling throughout this 
study. According to the USP mass uniformity test, 20 tablets were 
weighted and mean weights were calculated at 480.9 ± 5%; no tablet 
had a deviation that exceeded 5% of the mean. Therefore, it is affirmed 
that this formulation meets all of the technological requirements. 

Swelling study

Given the presence of swellable polymers in formulations, it was 
necessary to perform hydration studies in order to determine the 
tablet’s swelling capability, which is directly involved in the gelling 
mechanism. Results for the formulation’s water-absorbing capacity 
over time are presented in Figure 2. 

It should be noted that once the optimum hydration point is 
reached, over hydrating leads to a decreased adhesive force, due to 
disentanglement at the polymer/tissue interface. This process may be 
divided into three main stages. The first is the moistening stage, taking 
place during the first 2 hours of the trial, since, when the hydrophilic 
matrix tablet comes into contact with water, the dry polymer is 
moistened until reaching its glass transition temperature. 

It was observed (Figure 3) that 2 hours after immersion in the 
aqueous medium, the tablets had already begun to lose their initial 
form and were beginning to swell. This is considered the second 
stage, in which the polymeric matrix forms a gel layer, releasing the 
active ingredient. The ongoing entry of water into the matrix causes 
a progressive increase in thickness. During the first hour of the trial, 
the percentage of swelling exceeds 50%, reaching 64.7% after two 
hours. And by 8 hours, the maximum hydration percentage is reached 
(76.5%), with this value remaining until practically the end of the trial. 

Similar results have been found by others authors [18,19], who 
have reported that these ratios for the chitosan/Carbopol® interaction 
product stoichiometry suggest poor solubility properties. Furthermore, 
it is important to highlight the role of Carbopol®, given its high 
sensibility to the pH of the medium. According to other authors [20], 
the hydration and erosion level of the tablets was also found to be 
related and proportional to the Carbopol® content. 

Disintegration

Double-layer tablets were subjected to a disintegration assay. As 
expected, the disintegration time of the fast-release layer was less than 
5 min; specifically, it was 14 seconds. After 30 minutes, it was possible 
to see the formation of a gel on the surface of the matrix tablets. Two 
different parts were evident in these tablets: an external gelled layer 
and a non-hydrated inner zone containing polymers in a glassy state. 
When the matrix tablets were placed in contact with the medium, a 
diffusion/erosion front was created, enabling the release of melatonin 
into the medium. As the test progressed, it was possible to observe that 
this compact gelled layer gradually dissolved into a medium with no 
apparent fragment loss (Figure 3). 

In Vitro Release Study

Finally, a dissolution trial was performed, once again, in accordance 
with the USP guidelines. After analyzing the results (Figures 4 and 5), 
it is seen that after 2 hours, a total of 2.3 ± 0.6 mg had been released. 
This was the result of the total melatonin release in the fast-release 
layer, which disintegrated in a few seconds (18 seconds). As revealed in 
the disintegration test, approximately 3.5 mg remained in the tablets, 
released slowly in small amounts. At 8 hours, 4.28 mg had been released. 
This release would continue progressively over 24 hours, when gel 

residues were found to be fully depleted. Upon analyzing the results, a 
burst effect was seen at 2 hours, followed by a sustained release over 24 
hours, at which point the proposed objectives had been reached. 

So, with this fast release, approximately 38% of the active ingredient 
dosage was incorporated in this layer, with the release of the total tablet 
dosage being completed 24 hours after trial onset. However, the tablets 
did not fully dissolve (Figure 6), as corroborated by the results of the 
disintegration test, which resulted in a deformed mass with a gel-like 
appearance and fully depleted.

Figure 2. Swelling index (%) of bilayer  1

Figure 3. Images taken at 1 (a), 2 (b), 4 (c), 6 (d), 8 (e) and 24 (f) h of swelling study

Figure 4. Release profile of melatonin tablet (accumulated amount of MT vs time)
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Finally, Table 2 offers a summary of all of the results obtained from 
the distinct trials performed on the solid, bilayer pharmaceutical form 
under study.

Conclusions
The results of this study suggest that the designed tablets offer 

ideal technological and pharmaceutical properties, making this a novel 
dosage form for effective and convenient weight control treatment in 
pathologies requiring a progressive release of melatonin.

Furthermore, a disintegration assay revealed that the effervescent 
layer disappeared in 14s, while the matrix layer was totally gelled in 1 
h. This gelled phase was homogeneous and progressively solubilized in 
melatonin with no fragment loss. A dissolution study confirmed two 
different release profiles based on the proposed tablet design: a prompt 
drug release during the effervescent layer and a prolonged release, 
extending over 24 hours, associated with the matrix layer. 
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Figure 5. Dissolved percentage of melatonin as a function of time

Figure 6. Effervescence of the tablet in the dissolution test

Dimensions Weight variation (g) n = 20 Friability Crushing Strength force 
(Newton, N) n = 10 Disintegration Dissolution

ɸ= 10,11 mm
h= 4,53 mm

480.9 mg
± 5%

(456.8-504.9 mg)
2.36%

38.33 N
Máx: 41 N
Min: 34 N

Fast layer: 14 seg Fast-layer: 17.7 sec
2,3 mg (38%)

Slow-layer: 24 h Slow-layer: 24 h
6 mg (100%)

Table 2. Tablets technological evaluation. Values are expressed as mean ± SD.
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