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Abstract 

Melatonin (N-acetyl-5-methoxytryptamine) plays a pivotal role in regulating circadian rhythms. It also possesses a significant therapeutic potential due to its 

antioxidant, anti-inflammatory, and immune-boosting activities. Despite these benefits, the clinical use of melatonin is limited due to its poor oral 
bioavailability. Liposomal encapsulation has emerged as a promising approach to improve the way melatonin is absorbed in the body. However, oral delivery 

of liposomal melatonin poses several challenges, which include enzymatic breakdown and incomplete absorption. In this review, we have explored the benefits 

of combining liposomal encapsulation with oral or sublingual melatonin spray formulations. Both clinical and preclinical studies demonstrate the efficacy of 
transmucosal sprays, including rapid onset of activity, enhanced bioavailability, and lower dosing. In this review, we have also discussed the potential of West 

Bengal Chemical Industries Limited (WBCIL) formulated liposomal melatonin to develop next-generation sublingual/oral spray delivery systems designed 

specifically for children, the elderly, and those with difficulty swallowing. 
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1. Introduction 

N-acetyl 5-methoxytryptamine or Melatonin, is a pineal 

hormone that has a remarkable effect on the nycthemeral 

rhythm.1 Generally taken orally to improve sleep quality, to 

synchronise biological rhythms, or to enhance the quality of 

life of patients undergoing chemotherapeutic treatment or 

suffering from neurodegenerative disorders, melatonin plays 

a pivotal role.1 However, due to extensive first-pass hepatic 

metabolism and a shorter half-life, it has an extremely low 

bioavailability of ~15 %.1 With significant advances in 

liposomal research, phospholipid-encapsulated melatonin 

has gained immense recognition. Though oral liposomal 

drugs or nutraceuticals can partially bypass the constraints of 

conventional oral formulations, they cannot fully overcome 

these constraints, which compromises the bioavailability of 

the active.  

Therefore, ongoing research aims to develop an 

alternative drug-delivery route that can overcome the 

shortcomings of oral liposomal formulations while retaining 

their significant benefits, including longer plasma retention, 

sustained release to reduce the number of doses, and higher 

bioavailability. Numerous galenic formulations have been 

developed to enhance bioavailability,2 among which 

sublingual mouth-dissolving or chewable tablets have gained 

momentum. 

 Since melatonin bioavailability depends on its 

formulation, route of administration, and first-pass 

metabolism, sublingual delivery appears effective2. 

However, sublingual/oral liposomal melatonin spray is far 

more effective than a conventional sublingual formulation, as 

it doesn’t have to depend on saliva for dissolution and shows 

a comparatively faster absorption (Figure 1). 

In this review article, we will delve into the importance 

of sublingual/oral spray and liposomal technology in 

enhancing the bioavailability of melatonin. We will also get 

an overview of the potential of WBCIL’s liposomal 

Content available at: https://www.ipinnovative.com/open-access-journals 

Indian Journal of Pharmacy and Pharmacology 

Journal homepage: https://www.ijpp.org.in/ 

https://journals.ipinnovative.com/ijpp/ahead/14872
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:reprint@ipinnovative.com
https://www.ipinnovative.com/open-access-journals
https://www.ipinnovative.com/
https://www.ipinnovative.com/
https://www.iesrf.org/
https://www.iesrf.org/


207 Roy et al. / Indian Journal of Pharmacy and Pharmacology 2025;12(4):206-211 

technology for the effective delivery of melatonin in a 

sublingual/oral spray formulation. 

 

Figure 1: Liposomal melatonin mouth spray enhances 

bioavailability through better absorption in the buccal cavity 

and is helpful for people suffering from dysphagia, geriatric 

and paediatric patients. 

2. Pharmacology and Clinical Significance of 

Melatonin 

Melatonin is an amphiphilic molecule that possesses both 

hydrophilic and lipophilic characteristics.3 This amphiphilic 

nature of melatonin allows it to permeate the blood-brain 

(hemato-encephalic) barrier with ease.3 Though the 

importance of melatonin in regulating circadian rhythms, 

correcting disorders of consciousness by preserving the sleep 

cycle and mitigating migraine pain is well known,4-6 

melatonin’s role extends beyond this. It plays a crucial role 

as an antioxidant and anti-inflammatory molecule, as 

demonstrated by several clinical studies. In a single 

controlled clinical study, 41 patients suffering from chronic 

kidney disease (CKD) with low haemoglobin (< 11g/dl), 

were randomly divided into a treatment group (received 5mg 

melatonin + their regular treatments) and a control group 

(received their regular treatments only). It was observed that 

melatonin supplementation had a remarkable effect on 

increasing Hb levels, serum iron, and Transferrin Saturation 

Ratio (TSAT) after 12 weeks of treatment. As an anti-

inflammatory molecule, melatonin treatment improved 

Erythropoietin Hyporesponsiveness by significantly 

downregulating the expression of inflammatory markers-

interleukin-6 (IL-6), interleukin-1β (IL-1β) and tissue 

necrosis factor-α (TNF-α). Thus, it has a significant impact 

on anaemic patients with CKD.7 The antioxidant effects of 

melatonin were demonstrated in another clinical trial 

involving preterm infants who are at risk of oxidative stress 

injury during the first 7 days after birth due to melatonin 

deficiency. Therefore, Marseglia et al. conducted a 

prospective, randomised, double-blind, placebo-controlled 

pilot study with 36 preterm newborns. From the first day of 

being born, 21 infants received an oral melatonin dose of 0.5 

mg/kg once a day in the morning, and 15 newborns received 

an equivalent dose of placebo. It was observed that early 

melatonin administration significantly reduced lipid 

peroxidation and played a pivotal role in protecting the high-

risk preterm neonates.8 Apart from this, clinical trials have 

shown the profound impact of melatonin oral 

supplementation in reducing the negative impact of 

melatonin suppression among night shift workers, who are 

more prone to oxidative DNA damage, which substantially 

increases the risk of cancer9 Melatonin had a significant 

impact in reducing follicular oxidative stress among women, 

thereby improving oocyte quality.10 Among thalassemia 

patients with low bone mineral density (BMD), melatonin 

significantly reduced oxidative stress, mitigated back pain 

and improved BMD.11 Though melatonin plays a pivotal role 

in maintaining physiological homeostasis, its poor 

bioavailability significantly limits its therapeutic efficacy.  

Melatonin is synthesised from tryptophan within the 

pinealocytes, mainly during the dark phase of the day, when 

there is a significant increase in the activity of the rate-

limiting enzyme, serotonin-N-acetyltransferase (S-NAT) or 

arylalkylamine N-acetyltransferase (AA-NAT). AA-NAT 

transforms 5-hydroxytryptamine (5-HT) or serotonin to N-

acetylserotonin (NAS). NAS is subsequently methylated into 

melatonin by acetylserotonin O-methyltransferase. Thus, 

melatonin synthesis is dependent on both AA-NAT and 

serotonin availability.12 Melatonin can be synthesised in 

other sites of the body, such as the skin, gastrointestinal tract, 

retina and bone marrow beyond the pineal gland.12 In the 

intestine, the level of melatonin was approximately 400 times 

higher than in the pineal gland.13 70% of melatonin found in 

the blood is bound to albumin. Melatonin has a half-life of ~ 

40 minutes. It undergoes extensive first-pass hepatic 

metabolism. ~ 90 % is converted to 6-hydroxymelatonin by 

cytochrome P450 enzymes (CYPs)- the 6-hydroxylating 

subform CYP1A2 (P450 monooxygenases) and is conjugated 

with sulfate or glucuronic acid to form water-soluble 6-

sulfatoxymelatonin (aMT6s) or N1-acetyl-N2-formyl-5-

methoxykynuramine for subsequent urinary excretion.12-

14 Thus, the oral bioavailability of melatonin is reduced to 

15%.1  

Melatonin regulates circadian rhythms, glucose 

metabolism, retinal functions, reproductive physiology and 

immune responses by interacting with G protein-coupled 

receptors (GPCRs): MT1 (found in the central nervous 

system, pituitary gland, retina, and other peripheral tissues, 

such as the cardiovascular system) and MT2 receptors 

(peripheral tissue including the liver, kidneys, and 

cardiovascular system).13 

Thus, melatonin biosynthesis, metabolism, cellular 

transport, and bioavailability are strongly dependent on the 

availability of the amino acid tryptophan and of enzymes 

involved in its biosynthesis, MT1 and MT2 receptors for its 

cellular transport, and hepatic first-pass metabolism. This 

leads to poor bioavailability, frequent dosing and prolonged 

treatment to achieve the required plasma level. Therefore, the 

combination of liposomal encapsulation and oral/sublingual 

spray formulation of melatonin to bypass these constraints is 

the need of the hour. Before exploring the details of liposomal 

spray technology, we will briefly discuss liposomal 
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technology, its advantages and disadvantages with respect to 

melatonin. 

3. Oral liposomal melatonin: Advantages and 

Persistent Challenges 

3.1. Liposomal melatonin: Its delivery and advantages 

Liposomes are spherical vesicles formed by spontaneous 

self-assembly of phospholipid bilayers in aqueous media, 

encapsulating both hydrophilic and lipophilic molecules 

within their aqueous core or in the lipid bilayer, respectively. 

These lipid vesicles are made of phospholipids naturally 

present in our cell membranes, which enhances their ability 

to interact with biomembranes and deliver the encapsulated 

molecule efficiently within the cell.15,16 This feature of 

liposomes has made it a key player in the next-generation 

drug delivery system. The liposomes enhance the 

bioavailability of the actives not only by seamlessly 

interacting with the membrane, but by protecting the 

encapsulated molecule from physiological degradation and 

rapid clearance from the plasma, which makes it effective in 

reaching the maximum threshold required for effective 

functioning of the active ingredients through sustained 

delivery without overwhelming the system with a sudden 

rush of the molecule followed by a steep decline. This not 

only reduces the frequency of doses but also reduces the risk 

of side effects.17 

Liposomes undergo clathrin/caveolae-mediated 

endocytosis on interaction with enterocytes. Once inside the 

cell, they have two fates. While most interact with the 

chylomicron and enter the systemic circulation via the 

lymphatic system, others undergo endosomal degradation, 

with the active molecule released into the cytoplasm, from 

which it can enter the lymphatic system or the systemic 

circulation, depending on its lipophilicity.18,19 In a study by 

Fang et al. on liposomal docetaxel, it was shown that 

blocking endocytosis and lymphatic transport reduced 

docetaxel's plasma concentration, underscoring the 

importance of endocytosis-mediated cellular drug uptake and 

lymphatic system-mediated drug transport to the systemic 

circulation.2020. Thus, both processes are pivotal in 

delivering the advantages of liposomal delivery of 

pharmaceuticals and nutraceuticals and in improving 

pharmacokinetics by protecting the majority of the actives 

from extensive hepatic first-pass metabolism. 

The exact mechanism described above explains the 

processes of cellular uptake, metabolism, and systemic 

transport of liposomal melatonin. Liposomal encapsulation 

enhances melatonin bioavailability by 40.45%,21 effectively 

bypassing the transporter bottleneck and reducing CYP1A2-

mediated hepatic first-pass metabolism while maintaining a 

sustained-release profile. 

There are very few clinical studies on liposomal 

melatonin, of which one is a double-blind, placebo-controlled 

study that used liposomal melatonin to induce sleep in 

paediatric patients aged 1-6 years undergoing sleep 

electroencephalography (EEG) to assess epilepsy.22 

3.2. Challenges of oral liposomal delivery 

Despite the tremendous potential of liposomal technology to 

enhance the absorption and bioavailability of melatonin, the 

efficacy of liposomes is significantly compromised when 

delivered orally. A few of these limitations are as follows: 

 

1. Digestion: The harsh gastric environment causes 

significant damage to liposomes, which could be 

attributed to extensive hydrolysis by digestive 

enzymes such as lipase, pepsin, and gastric 

hydrochloric acid that lowers the pH to 1-2. Under 

such conditions, conventional liposomes become 

unstable and disintegrate, releasing melatonin.23  

In the intestine, bile salts and pancreatic enzymes, 

such as lipase, can hydrolyse the phospholipid bilayer 

and disrupt its structural integrity, thereby releasing 

the melatonin into the lumen and reducing cellular 

uptake.23 

2. Absorption: It is the next big challenge faced by 

liposomes. The absorption of liposomes by intestinal 

cells strictly depends on their size. Studies have shown 

that the absorption and bioavailability of small 

liposomes were ~12 times higher than those of larger 

liposomes, which could also be due to the compact 

packing of intestinal epithelial cells.  The mucus layer 

can also entrap liposomes, making it difficult for them 

to pass through and reach the cell.23 

3. Incomplete bypass of first-pass metabolism: 

Liposomes taken up by enterocytes interact with 

chylomicrons and enter the lymphatic system, 

bypassing the first-pass metabolism. However, a 

portion of melatonin enters the portal circulation and 

undergoes extensive hepatic metabolism, significantly 

reducing its bioavailability.23 

4. Cost of production: To protect liposomes from 

degradation and enhance their stability, several 

modifications are made, which include protective 

surface coating, using thermostable phospholipids or 

improving muco-adhesion by incorporating 

absorption enhancers. However, these modifications 

significantly increase production costs.24  

 

Thus, while oral liposomal formulations represent a 

technological advancement, they may not fully address the 

inherent bioavailability variability of the oral route. 

4. Liposomal Melatonin Delivery and the Rationale for 

Spray Formulation 

The bioavailability of any active depends on its 

physicochemical properties, half-life, solubility, site of 

administration, vascularisation of the absorption site, pH of 

the absorption site, delivery system and dosage.25 While 

liposomal encapsulation of melatonin significantly enhances 

its bioavailability, the limitations mentioned in section 3b 

reduce its efficacy. Therefore, scientists aim to develop a 
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readily available oral/sublingual liposomal melatonin spray 

formulation that retains the advantages of liposomal delivery 

while overcoming its associated challenges. The major 

benefits of liposomal melatonin spray are as follows: 

1. Enhanced bioavailability: As discussed in section 3b, 

the bioavailability of melatonin depends on the ability 

of liposomes to sustain the acidic gastric media, 

enzymatic disintegration in the GI tract and ability to 

penetrate the intestinal epithelial cells. A liposomal 

spray formulation can deliver melatonin directly to the 

buccal cavity, circumvent hepatic first-pass 

metabolism and deliver it to the systemic circulation. 

Thus, ensuring a rapid onset of activity and a 2-fold 

increase in bioavailability compared to a prolonged-

release melatonin tablet.25,2 

2. Increased absorption: The highly vascularized buccal 

and throat mucosa is suitable for the absorption of 

liposomal melatonin. Since the activity of melatonin is 

mainly dependent on the amount of melatonin and the 

rate at which it reaches the systemic circulation.25,2 

Liposomal spray formulations increase bioavailability 

substantially, thereby reducing the dosage compared 

to oral liposomal melatonin tablets. 

3. Ease of Use: A fraction of the population, especially 

those with dysphagia, paediatric and geriatric patients, 

find it difficult to swallow tablets. With increased 

dosage, the tablet size increases, making it more 

challenging to swallow.25 Liposomal spray 

formulation can easily avoid such constraints. 

This underscores the importance of liposomal melatonin 

spray as an effective galenic form. 

5. Liposomal Melatonin Spray as a Next Generation 

Drug Delivery System: WBCIL Perspective 

West Bengal Chemical Industries Limited (WBCIL) is a 

pioneer in liposomal technology. Liposomes are 

manufactured using high-purity, stable phospholipids, with 

an encapsulation efficiency of not less than 80%, 

polydispersity index (PDI) < 0.5 and a zeta potential of <-30 

mV. Liposomal melatonin synthesised according to the 

above-mentioned criteria exhibits enhanced stability, greater 

cellular uptake and mucus-binding ability, and blood 

compatibility, thereby ensuring greater melatonin 

bioavailability.26,27  At WBCIL, we are now focused on 

advancing our drug delivery technology to the next level by 

adopting liposomal oral/sublingual spray formulations as a 

next-generation drug delivery system. We aim to combine 

liposomal formulation with spray delivery to achieve a highly 

evolved delivery system that not only facilitates rapid 

absorption and high bioavailability but also serves the needs 

of paediatric, geriatric, and dysphagic patients. Scientific 

studies have unanimously concluded that the true potential of 

oral/sublingual spray lies in its rapid absorption, achieving 

bioavailability comparable to that of intravenous (IV) 

administration.  

In a recent single-centre, open-label, randomised, 

crossover trial, 14 healthy males received a prolonged-release 

melatonin tablet (1.9 mg) or two sprays of immediate-release 

sublingual spray (1 mg melatonin). Blood assessment showed 

that oral spray increased plasma melatonin levels by 2-fold 

(Cmax: 2332 ± 950 pg/mL vs 1151 ± 565 pg/mL), rapidly 

elevating melatonin levels (Tmax: 23.3 ± 6.5 min vs 64.2 ± 

44.2 min) and prolonging the half-life. Further analysis 

confirms that sublingual/oral spray administration can 

partially bypass hepatic metabolism as evidenced by a higher 

melatonin-to-metabolite AUC ratio with the spray (Plasma 

melatonin/6-SMT AUC0-540/420 ratio 0.16 vs. 0.09), thus 

improving systemic bioavailability. Abdellah et al. concluded 

that fast-acting spray melatonin formulations are ideal for 

delayed sleep onset or transient nocturnal awakenings, and 

sustained-release tablets are suitable for insomnia.2  

Though there is limited research on liposomal melatonin 

spray, clinical trials of other products have shown that 

liposomal encapsulation has the potential to provide better 

clinical outcomes by providing greater muco-adhesion, 

efficient transmucosal uptake, sustained release- making it 

suitable for both short and long-term treatment, and greater 

first-pass metabolism protection for melatonin that reaches 

the GI system.   

A single study was conducted on liposomal spray, which 

included 98 patients with head and neck cancer who had 

completed cancer therapy and received liposomal sprays 

(LipoNasal, LipoSaliva; Optima Pharmaceutical GmbH, 

Germany) for both the nose and the mouth. A significant 

reduction in xerostomia and an increase in smell and taste 

sensation were observed in this study.28  

The potential of oral spray formulations as 

pharmaceutical and nutraceutical agents is reflected in 

several studies. Reppucia et al. conducted a retrospective 

study involving 100 women. They evaluated the efficacy of 

an oral vitamin E spray (vitamin E acetate in a medium-chain 

triglyceride vehicle) for treating periodontitis, a leading cause 

of preterm birth. They observed that vitamin E oral spray 

reduced the risk of periodontitis and, thus, preterm birth.29 

29. In another study, an oral spray formulation prepared using 

α-mangostin (α-MG) ((5 mg/ml) and lawsone methyl ether 

(2-methoxy-1,4-naphthoquinone) (LME) (250 μg/ml) 

showed anti-inflammatory and antimicrobial properties 

against Streptococcus mutans, Candida albicans, and 

Porphyromonas gingivalis. Thus, it has the potential to serve 

as an adjunctive treatment to conventional therapy.30 In a 

retrospective study, two galenic formulations of vitamin D 

were compared: oral drops and spray formulation in 136 

babies. It was observed that infants treated with vitamin D 

oral spray had higher vitamin D serum levels than those 

treated with oral drops.31 Thus, all these studies indicate the 



210 Roy et al. / Indian Journal of Pharmacy and Pharmacology 2025;12(4):206-211 

superior efficacy of the oral/sublingual spray formulation 

compared to other galenic formulations.  

Research on liposomal oral/sublingual spray is ongoing, 

with only one study to date elucidating the efficacy of 

intranasal melatonin nanoniosome spray delivery. Niosomes 

are structurally similar to liposomes, but instead of lipids, 

they have a non-ionic surfactant. It was observed that 

nanoniosome melatonin spray took 18.3 ± 7.5 min to increase 

the melatonin level in the blood with AUC comparable to that 

of IV (1189 ± 579 vs 1601 ± 612 ng min/ml). The half-life of 

niosomes was 123.1 ± 81.9 min, which is significantly higher 

than IV, 71.5 ± 53.3 min. Bioavailability was similar to that 

of IV, i.e., 98.7 ± 23.6 32. From this study, we can conclude 

that encapsulating melatonin provides an added advantage, 

allowing it to remain in systemic circulation for a prolonged 

duration and, by bypassing enzymatic regulation and first-

pass hepatic metabolism, the spray formulation significantly 

improves bioavailability. Thus, by expanding our knowledge, 

we at WBCIL have embarked on a venture to deliver 

advanced liposomal melatonin via oral/ sublingual spray 

formulation. 

6. Conclusion and Future Perspective 

Melatonin plays a vital role in regulating circadian rhythms. 

It has antioxidant and anti-inflammatory effects and shows 

potential for treating clinical conditions, such as sleep 

disorders, reproductive issues, and diseases related to 

oxidative stress. However, taking melatonin by mouth has 

limitations due to its short half-life and extensive hepatic 

metabolism, resulting in systemic availability of about 15%. 

Although liposomal encapsulation has improved melatonin's 

pharmacokinetic properties, oral liposomal formulations still 

face challenges with stomach stability, mucosal absorption, 

and incomplete lymphatic transport. 

Sublingual or oral spray delivery of melatonin offers a 

promising solution. Clinical data show that transmucosal 

spray formulations provide a quicker onset of action, higher 

peak concentration, and better absorption with lower dosing 

needs. Liposomal encapsulation further improves this by 

ensuring it adheres to the mucosa, protecting it from enzyme 

breakdown, and allowing for a gradual release. Together, 

liposomal spray formulations offer greater benefits, better 

systemic availability, and simpler use, especially for children, 

the elderly, and those with swallowing difficulties. 

At West Bengal Chemical Industries Limited (WBCIL), 

significant steps have been taken toward developing a highly 

effective liposomal melatonin active pharmaceutical 

ingredient (API) with excellent properties, including over 

80% encapsulation efficiency and high stability. Integrating 

this platform into a sublingual or oral spray formulation could 

lead to new advances in melatonin therapies.  

Future efforts should focus on refining the liposomal 

spray composition for targeted absorption, validating 

pharmacokinetics in human subjects, and conducting clinical 

trials to compare the liposomal spray with existing oral and 

injectable formulations. The development of WBCIL's 

liposomal melatonin into a commercial spray product could 

change the standard for melatonin delivery and set new 

standards for future transmucosal therapies. 
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