









	[image: images]
	Journal of Renewable Materials
	[image: images]






DOI: 10.32604/jrm.2024.052288

ARTICLE

Starch Orodispersible Film Loaded with Melatonin for Human Supplementation

Fabio Tamanini1, Tatiane Zucchini de Souza1, Creusa Sayuri Tahara Amaral1, Antônio José Felix Carvalho2 and Eliane Trovatti1,*

1Department of Health and Biological Sciences, University of Araraquara (UNIARA), São Paulo, 14801-340, Brazil
2Department of Materials Engineering, São Carlos School of Engineering, University of São Paulo, São Paulo, 13563-120, Brazil
*Corresponding Author: Eliane Trovatti. Email: elianetrov@yahoo.com.br
Received: 29 March 2024; Accepted: 25 June 2024; Published: 21 August 2024


Abstract: An innovative pharmaceutical form for administering melatonin, based on starch orodispersible film (ODF), was designed and prepared. The composition of the ODF included starch as the polymer matrix, the active drug melatonin, and a plasticizer. Melatonin, a natural hormone produced by the pineal gland in the brain, can be absorbed by passive diffusion across the mucous membrane, resulting in improved bioavailability when compared to conventional oral administration. This study shows a simple and efficient method for preparing melatonin-loaded orodispersible films with a physically stable and commercially viable matrix, suitable for use in the pharmaceutical industry. The films were prepared by treating the starch with microwave irradiation, followed by plasticization with glycerol, melatonin loading and drying by solvent casting. Mechanical tests showed the films’ robustness, with a modulus of approximately 97 MPa, indicating good handling properties. Moisture uptake analysis showed fast water absorption, reaching about 150% within 2 min, indicating its fast oral disintegration potential. Disintegration tests in artificial saliva and dissolution studies indicated the release of the drug in minutes, indicating the potential properties of the film for oral drug delivery. To the best of our knowledge, there is no melatonin ODF based on starch described in the literature.
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1  Introduction

Orodispersible films (ODF) are pharmaceutical forms based on a matrix that can dissolve in the oral mucosa without the need for water. They are often used to incorporate drugs for administration to patients who have difficulty swallowing pills or capsules. The preparation of ODFs and their use in the pharmaceutical industry is very new, with few approaches described in the literature. ODFs are usually composed of polymers and plasticizers and may also be flavored to improve acceptance by the patient [1–3]. The composition of an ODF varies according to the drug to be administered, as interactions can occur among the components, but generally include the polymeric matrix, the drug, and the plasticizer. The function of the polymer (e.g., maize starch) is to maintain the shape of the ODF and primarily serve as the matrix for the drug loading. The plasticizer is added to improve flexibility and ensure that the ODF does not become brittle or develop cracks during the manufacturing and handling process. The drug provides the desired medicinal therapeutic action [4–6].

Starch is a complex carbohydrate found in many vegetables, including potatoes, maize, rice, wheat, and cassava. It is composed of two main molecules: amylose (a linear molecule) and amylopectin (a branched molecule), both formed by glucose chains linked by glycosidic bonds. Starch is an important energy source for humans and is used in the manufacture of food products such as bread, pasta, cereals, and cakes. Starch is also used industrially in the manufacture of paper, fabrics, and adhesives [7–9]. Glycerol (C3H8O3) is a colorless, odorless, viscous liquid [10] widely used as an ODF plasticizer. This alcohol possesses three hydroxyl groups (−OH) that enable the molecule to interact, usually via hydrogen bonds, with natural polymer chains, such as the hydroxyl groups of starch. These weak bonds keep the glycerol within the polymer chains, plasticizing it. Hence, when added to the polymer, glycerol can improve flexibility, impact resistance, and durability. Furthermore, glycerol is a humectant that can attract and retain moisture, further helping to maintain the flexibility of the polymer.

The model drug selected in this work was melatonin, a molecule that occurs naturally in the human body and is produced by the pineal gland in the brain. Melatonin is synthesized from the amino acid tryptophan, with the neurotransmitter serotonin as an intermediate. Melatonin production is regulated by the circadian rhythm that governs waking and sleeping cycles. During the night, melatonin levels increase, leading to sleepiness, and during the day, melatonin levels decrease, so the body remains awake and alert. Melatonin also plays a role in regulating the immune system, cardiovascular, and reproductive functions. Furthermore, it is a powerful antioxidant that helps protect the body’s cells from damage by free radicals [11–13].

The biosynthesis of melatonin proceeds in two main steps. The first step occurs in the mitochondria, where tryptophan is converted to 5-hydroxytryptophan (5-HTP) by the tryptophan hydroxylase enzyme. In the second step, 5-HTP is converted to serotonin by the aromatic amino acid decarboxylase enzyme. Serotonin is then transported from serotonergic neurons to the pinealocytes of the pineal gland, where it is converted to melatonin by N-acetyltransferase and hydroxyindole-O-methyltransferase enzymes. Melatonin is secreted into the bloodstream and reaches different parts of the body, including the brain, acting to regulate circadian rhythms, sleep, mood, immune function, and other biological processes [14–17].

Melatonin supplementation is used to treat sleep disorders, regulate circadian rhythms in individuals with irregular work schedules or jet lag, and improve recovery in cases of myopathies associated with locomotion difficulty and muscle weakness. Additionally, melatonin has antioxidant, anti-inflammatory, and immunomodulatory effects that can be beneficial in conditions including neurodegenerative disorders, cardiovascular diseases, and diabetes [18–21]. The oral mucosa is one route for the administration of melatonin, where its absorption occurs by passive diffusion across the mucous membrane. Absorption is influenced by factors, including the concentration of melatonin in the product and the pH of the solution, with the compound being more bioavailable compared to conventional oral administration.

Sublingual administration of melatonin results in rapid absorption, with maximum plasma levels reached after 30 min [22–25]. Although oral absorption is very appropriate for melatonin administration, the most common pharmaceutical form is tablets. Few studies have described alternative pharmaceutical forms for melatonin administration, creating a demand in the pharmaceutical industry. Additionally, ODF technology is new, with studies starting to appear in the literature only in recent years. With this in mind, we propose to develop an innovative, simple, and efficient methodology for the production of a melatonin-based supplement suitable for absorption in the oral mucosa. The proposed starch-based ODF technology is not described in the literature, to the best of our knowledge, and represents an alternative pharmaceutical form that can potentially be more attractive for individuals with difficulty swallowing.

2  Methods

2.1 Preparation of the Orodispersible Film

Starch (10 g) was mixed with water (160 g) at room temperature and heated in a microwave oven (700 W) for 1 min. Glycerol (2 g, 20% by weight) was then blended with the heat-treated starch, and stirred for 30 s. The mixture was poured into a Petri dish and dried at 37°C for 48 h, forming the control orodispersible film (COF). For the melatonin-loaded film (MOF), melatonin (0.06 g) was dissolved in glycerol (2 g), and the film was prepared similarly. After drying, samples were cut for testing. Fig. 1 shows a schematic representation of the preparation process. Visual appearances were recorded using an Apple® iPhone 11 ProMAX® camera, and dimensions were measured in triplicate with a micrometer and pachymeter (Mitutoyo).
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Figure 1: Schematic representation of the steps of the preparation of the control (COF) and melatonin-loaded (MOF) orodispersible films

2.2 Moisture Content Determination

The films, cut to dimensions of 25 mm × 25 mm × 0.1 mm, were kept at 37°C and 50% relative humidity in a climate-controlled room for 48 h, then weighed. Subsequently, they were dried at 100°C until a constant mass was achieved and weighed again. The measurements were repeated at times of 0, 30, 60, 90, 120, 150, and 180 min. The moisture content was determined as follows:


Moisture content=[W0−WtW0]∗100
(1)

W0 = initial weight of the specimen; Wt = weight after time t.

2.3 Mechanical Properties

The mechanical tests were conducted using an Instron 5969 Universal Testing Machine equipped with a 5 kN load cell at a deformation rate of 100 mm/s. The samples, measuring approximately 1 cm × 6 cm and with a thickness of around 100 µm, were conditioned at 25°C and 50% RH for 48 h before testing. Young’s modulus, tensile strength, and elongation were calculated from the curves. Young’s modulus was determined as the slope at low deformation. The tensile strength and elongation at break were calculated using Bluehill 3 software. Six specimens of each film (COF and MOF) were tested.

2.4 Optical Microscopy

The COF and MOF samples were observed using optical microscopy to evaluate aspects including uniformity, presence of defects, bubbles or cracks, thickness uniformity, presence of distinct layers, presence of particles or granules, and the presence in the film of specific components (polymers and active agent).

2.5 Water Absorption Assay

Samples were cut in dimensions of 25 mm × 25 mm × 0.1 mm, weight and immersed into phosphate-buffered saline solution, pH 7.0, at 37°C. At the determined period of time, they were removed from the liquid; their surfaces were gently dried with paper and weighed. After that, each sample was immersed again in a phosphate-buffered saline solution. The measurements were taken at 0, 2, 5, 10, 20, 30, 45, and 60 min. The water absorption, Wabs, was calculated as follows:


Wabs=[Wt−W0W0]∗100
(2)

where, W0 = initial weight of the material; Wt = weight after immersion for time t.

2.6 Disintegration of the Orodispersible Film in Artificial Saliva

The films (dimensions 25 mm × 25 mm × 0.1 mm) were immersed in 30 mL of artificial saliva at 37°C, without agitation, and weighed at 0, 5, 15, 30, 60, 120, and 240 min. The artificial saliva composition was 0.12% potassium chloride, 0.010% sodium chloride, 0.015% calcium citrate, 0.005% magnesium chloride, 3% sorbitol (corrected), 15% Natrosol gel, 0.1% Nipagin, and distilled water, and 200 mg of amylase. The mass loss was the parameter to determine the disintegration, using the following equation:


Mass loss=Wt∗100W0
(3)

where, Wt = weight of the sample after immersion into the solvent; W0 = initial weight.

2.7 Drug Release Assay

The melatonin release assay was performed to study the behavior of the orodispersible film, using a MOF sample (dimensions 25 mm × 25 mm × 0.1 mm) immersed in 30 mL of artificial saliva in a capped Becker cup, at 37°C. After immersing the sample, 2 mL of the solution was immediately removed with a micropipette and transferred to a test tube, labeled as time zero. Further 2 mL aliquots were removed at 5, 15, 30, 60, 120, and 240 min. The volume (2 mL) was replaced by artificial saliva after each sampling. The absorbance of the samples was measured by UV-visible spectroscopy, using a V-M5 VIS spectrophotometer (Novatécnica-BelPhotonics), at a wavelength of 250 nm, with the sample in a rectangular 10 mm optical path length quartz cuvette. The accumulated release (%) was calculated using a calibration curve plotted from the data of the measurement of melatonin solutions.

2.8 Statistical Analysis

Statistical analysis was performed and the results were reported as the means ± SD. The data were analyzed using ANOVA for repeated measures.

3  Results

3.1 Macrometric Morphology

The COF displayed high transparency, and the MOF had a shiny appearance, as shown in Fig. 2. Manipulation of the samples at different angles (Fig. 2B,C, for both COF and MOF) showed that there was no apparent difference between the materials in terms of malleability, which allow to handle them without damaging the structure. The images in Fig. 2D show the thicknesses of the materials.
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Figure 2: Macrometric images of the COF (1) and MOF (2) films, showing respectively their surface (A1 and A2), their malleability (B1, B2, C1 and C2), and their thickness (D1 and D2)

3.2 Moisture Content Determination

The behavior of the COF and MOF films related to their loss of water is shown in Fig. 3. At 30 min, the mass loss values of both films could be attributed to starch dehydration. At 60 and 90 min, the mass loss rates decreased for both samples, as shown by the curve. The curves plateaus were reached at 120 and 150 min for the COF and MOF samples respectively with the mass losses maintained until the end of the experiment. The mass losses at the end of the experiment were 11.96% (±0.31%) for COF and 16.21% (±0.32%) for MOF.
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Figure 3: Mass loss of the COF and MOF samples in the moisture content assay

3.3 Mechanical Properties

Stress-strain curves, shown in Fig. 4, were used to determine Young’s modulus, tensile strength, and stress-strain data, provided in Table 1. Stress-strain curves displayed a linear elastic behavior at low strains (around 1%), which gradually changed to a plastic profile, as expected for plasticized starch derivatives [26,27]. The Young’s modulus values indicated greater resistance of MOF when compared to COF, resulting in its lower elongation at break. The statistic tests indicated p < 0.02 when comparing the COF and MOF modulus, and p < 0.00 for elongation at break. These low p values indicated a significant difference between these groups for both modulus and elongation at break. The tensile stress was similar for both samples, however, the great reproducibility among the samples of each group resulted in p < 0.3, indicating a statistical difference between the groups COF and MOF. The increase in modulus values can be attributed to the incorporation of melatonin into the starch matrix.

[image: images]

Figure 4: Stress-deformation curves for the COF and MOF films
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3.4 Optical Microscopy

As shown in Fig. 5A–D, the COF and MOF films showed a homogeneous overall appearance. The starch grains were completely disrupted, then, no whole grains were found in the materials. The homogenous appearance, with no phase separation, indicated the good plasticization of the starch. The surface of COF (Fig. 5A,C) was smoother than that of MOF (Fig. 5B,D), although both materials were free from cracks or fissures. No foreign particles or agglomerates were observed in the images. Both COF and MOF were homogeneous, without distinct layers or areas of different densities.
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Figure 5: Morphology of the COF (A and C) and MOF (B and D) films surface, at 100 and 200 magnifications. Scale bar = 100 µm

3.5 Water Absorption Assays and Disintegration of the Orodispersible Film in Artificial Saliva

The behavior of COF and MOF related to their gain of water mass in the absorption tests is shown in Fig. 6. Rapid mass increases occurred within 2 min, as shown in Fig. 6A, which could be explained by the hydrophilicity of the starch, with a deceleration observed in the growth curves between 5 and 10 min. The swelling was maintained at 20 and 30 min, with plateaus reached at 45 min. The final measurements after 60 min showed that the samples presented complete stability in the swelling process, with mass gains of 60.41% (±0.51%) and 64.50% (±0.70%) for COF and MOF, respectively. The swelling of the starch was the result of increased mobility of the amylose and amylopectin molecules, which facilitated the incorporation of water. The water absorption enables film disintegration after swelling, a desired feature for orodispersible films.
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Figure 6: Behaviors of the COF and MOF films in the water absorption assay (A) and the results of their disintegration in artificial saliva (B), showing COF and MOF before (b1 and b4) and after disintegration test, in its wet (b2 and b5) and dried (b3 and b6) states, respectively

Fig. 6B shows the images of COF (b1) and MOF (b4) used for the disintegration test in artificial saliva, the residual wet samples after 45 min in contact with water (b2 and b5) and the dried residual samples (b3 and b6), respectively. The samples were weighed before the experiment and after complete drying, showing that there was a mass loss of 92.8% for COF (initial and final masses of 0.30 and 0.02 g, respectively) and a mass loss of 82.3% for MOF (initial and final masses of 0.42 and 0.08 g, respectively).

3.6 Release Assay

Fig. 7 shows the concentrations of melatonin measured at 0, 5, 15, 30, 60 and 120 in the release test. The release of the drug started just at the first contact with the solution, reaching about 59% of the drug at 5 min time point. The maximum release was about 95% of the drug, reached at 60 min time point. After 120 min, the film started to disintegrate and release particles into the medium, which abruptly increased the absorbance values and did not allow the measurements after that time point because the high absorbance of the system resulting from the particles in suspension.

[image: images]

Figure 7: Accumulated release of melatonin (%) in solution

The burst release of the drug at the first minutes of the experiments is the result of the diffusion of the soluble fraction of melatonin in the medium, as soon as it contacts the artificial saliva. The release profile follows the exponential growth kinetics (fit curve), which confirms that the drug release is governed by diffusion, according to a Fickian model [28]. Fickian diffusion describes the high velocity of solvent diffusion to the interior of the matrix, leading to high drug dissolution and diffusion. Melatonin is very low soluble in water, the main component of saliva and, this feature, in the in vitro release test, leads to the profile of the curve shown in Fig. 7, resulting from the equilibrium of the soluble drug in the medium with the insoluble drug in the matrix. These in vitro test results could be associated with a fast release of melatonin when it contacts saliva, which, in an in vivo condition, under dynamic leaching and absorption of the drug by the oral mucosa in vitro, could increase the melatonin release kinetics, because the equilibrium shift from the high concentration (film) to the concentration (oral mucosa) compartments.

4  Discussion

COF and MOF (Fig. 2) films were translucent, flexible, and can be handled easily without breaking. The visual appearance of MOF suggested its high homogeneity, indicating good drug dispersion into the matrix. The lower moisture content of the MOF film (Fig. 3) when compared to COF film can be attributed to the hydrophobic nature of melatonin. Similar results were reported for the orodispersible film loaded with diclofenac, which displayed a water content below 20%, in accordance with the criteria to minimize the water content, aiming to avoid microbial contamination [5].

The results of mechanical tests (Fig. 4) indicated that COF and MOF exhibited typical behavior of starch derivatives, as expected. MOF samples displayed about three times higher Young’s modulus than COF. This behavior results from the melatonin incorporation into the starch matrix, which, even at very low concentrations, has increased the elastic modulus at the low deformation region.

Orodispersible films based on solid lipid particles for the release of melatonin were also described in the literature [29], and showed a negative effect of the melatonin on the mechanical properties, generating a fragile film. This effect was also shown in films based on poly(methyl methacrylate) for the delivery of paracetamol [30]. In both cases, the film fragility increased, increasing the powder concentration. When compared to the literature [29,30], the mechanical performance of COF and MOF were higher, indicating that the method, the matrix-plasticizer system and the melatonin concentration led to the preparation of an improved ODF. Good mechanical performance is a crucial essential requirement for the development of orodispersible films for drug administration, since to be used in the mouth they must not cause discomfort or break when handled. Thus, these results indicated the potential of the films for use in the administration of melatonin. Thus, these results indicate the potential of MOF for use in melatonin delivery.

The results shown in Fig. 6A indicated rapid water absorption by COF and MOF films during the first 2 min of the experiment, and can be attributed to the starch’s nature, rich in hydroxyl groups, with high affinity for water. Water absorption was lower after around 5–10 min and stabilized after 20 min, with values of 60.41 and 64.4 wt% for COF and MOF, respectively. The water absorption of the starch film can be seen as the initial stage that leads it to disintegrate, an essential characteristic required for orodispersible films. Fig. 6B shows the COF and MOF films before and after the disintegration experiment. The contact with the artificial saliva initiated a process of swelling and expansion, resulting in the film becoming more flexible and fragile. The saliva then dissolved the polymers of the film matrix, resulting in the disintegration of the film into small pieces. In the body, this process of dissolution and disintegration would enable the release of the drug and its mixing with the saliva, facilitating its absorption and subsequent action.

The release assays showed the fast release of melatonin, about 60% released in the first 5 min. This result is in total agreement with the literature [28]. It should be noted that the use of artificial saliva in disintegration testing of orodispersible films is common in quality control laboratories, since the solution composition mimics the physical and chemical characteristics of human saliva. Hence, the results obtained in these tests are considered a good approximation of the processes that occur in the mouth of the patient during drug administration.

The advantages of ODF have been described in the literature in the last few years and show that it can be a promising pharmaceutical form to benefit the neonatal and pediatric populations with respect to the development of suitable oral dosage forms [31]. This work can contribute to the development of this research field aiming to decrease the time to reach the industry.

In general, it could be concluded from the results that degradation of the orodispersible film matrix led to total release of the melatonin. The results were considered satisfactory, since in addition to the enzymes present in saliva, administration of the formulation in humans would result in faster disintegration of the film, due to the mechanical forces applied within the oral structure.

5  Conclusions

The novelty of this work lies in the innovative, simple and efficient method of preparing melatonin-loaded orodispersible films. Control films (COF), consisting of starch plasticized with glycerol, were compared with films loaded with melatonin (MOF). The results showed high hydrophilicity, with around 70 wt% water absorption in 2.5 min, in line with the disintegration results in artificial saliva. The melatonin release profile showed potential for the intended application. The melatonin films exhibited improved mechanical properties, with a modulus of around 97 MPa, compared to 34 MPa for the control films, indicating suitability for handling and orodispersible administration. These findings suggest that orodispersible film is physically stable and commercially viable, improving drug development technologies and enhancing pharmaceutical quality, particularly for individuals unable to use conventional drug delivery methods.
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Table 1: Young’s modulus, stress at break and elongation mean (+SD) for COF and MOF films

Sample Young’s modulus (MPa (£SD)) Stress at break (MPa (£SD)) Elongation (%) (£SD)

COF 33.97 (29.17) 1.87 (£0.53) 17.54 (+6.04)
MOF 97.86 (£16.27)* 1.81 (20.58)"" 6.38 (+4.47)""

Note: *p <0.02 (ANOVA); **p < 0.3 (ANOVA); ***p < 0.00 (ANOVA); M + SD = mean and standard deviation.
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