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Abstract 
_______________________________________________________________________________________________________________ 
Oral thin films (OTFs) are gaining popularity in the pharmaceutical industry for their advantages 
over traditional oral dosage forms, especially for patients with swallowing difficulties, such as 
children and the elderly. OTFs provide a discreet, convenient, and fast-acting method of drug 
administration. They dissolve quickly in saliva, enabling rapid absorption through the oral 
mucosa, bypassing first-pass metabolism and enhancing bioavailability, which can reduce 
required doses and side effects. OTFs are particularly useful for poorly soluble drugs and allow 
for precise dosing, making them ideal for pediatric patients. They can also mask unpleasant tastes, 
improving patient acceptance. Research on OTFs is expanding, with innovations like pH-sensitive 
films, micro-pellet-loaded films, and the potential for delivering vaccines and probiotics. The OTF 
market is projected to reach $7.65 billion by 2028, growing at a 13.6% CAGR. Future 
developments focus on personalized OTFs, made possible by printing technologies like inkjet and 
3D printing, offering tailored dosing and drug combinations. OTFs hold great promise to 
revolutionize drug delivery, benefiting both patients and healthcare providers. 

Key words: Oral thin film, Pediatric and geriatric drug dosing, market growth of OTF, Technologies 
of preparation of film 

 

1. Introduction  

Although oral drug distribution is convenient, it can be 
challenging for certain populations, including pediatrics, 
the elderly, and those with dysphagia.  These individuals 
often face difficulties swallowing traditional dosage 
forms like tablets and capsules. Even fast-dissolving 
tablets carry a risk of choking and lack universal 
acceptability. To address these issues, oral fast-
dissolving films (OFDFs) have emerged as an innovative 
alternative. OFDFs are thin, polymer-based films that 
dissolve quickly on the tongue, making them easy to 
administer without water or chewing. This technology 
enhances patient compliance, particularly in elderly 
patients managing multiple medications and those with 
conditions such as Alzheimer’s, Parkinson’s, and 
schizophrenia. OFDFs are also beneficial for pediatric 
patients, offering a safe and easily administered 
alternative to traditional forms.1 OTF becomes further 
popular for colorful, potent cures in discrepancy to 
immediate-release ODT. With ODT, healthcare 
professionals are facing non-compliance in the treatment 
of pediatric and senior cases. ODT is designed for quick 
disintegration in the mouth, but fear of choking remains 
a concern for some patients. On the other hand, OTF 

expression can improve patient compliance by 
addressing swallowing issues. Senior patients often take 
multiple medications per day. The convenience of 
administering lozenge forms is crucial for patients with 
Alzheimer's, bipolar disorder, migraines, Parkinson's 
disease, and schizophrenia. Among all types of lozenge 
forms, OTF is largely accepted due to its own advantages 
along with ease of oral delivery of colorful medicines 
(e.g., anesthetics, antihistamines, anti-asthmatics, 
cardiovascular medicines, neuroleptics, and medicines 
for erectile dysfunction 2.Recent innovations have 
expanded OFDF capabilities, including the integration of 
nanotechnology to increase the solubility and 
bioavailability of weakly water-soluble medicines; for 
instance, nanonization and cyclodextrin inclusion 
complexes are utilized to enhance dissolution rates for 
BCS Class II drugs 3, 4 

Multi-layered films and mucoadhesive formulations 
further allow controlled release and targeted delivery, 
ensuring therapeutic efficiency and patient adherence. 5, 

6 Personalized OFDFs, particularly for pediatric cases, 
address dosing inaccuracies associated with splitting 
tablets or liquid formulations. By producing films in 
hospital settings under GMP standards, tailored dosages 
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can be provided, improving therapeutic outcomes.7 With 
advancements in material science and manufacturing 
processes, OFDFs are poised to revolutionize oral drug 
delivery, offering a user-friendly, efficient, and versatile 
platform for diverse patient needs. 

1.1 Advantages of oral film:    

1    Fast disintegration within seconds and quick onset of 
action 

2 Easy administration 

3  No fear of chocking like orally disintegrating tablet 

4  Suitable for children and geriatric patients, 
bedridden individuals, and those with dysphagia, 
Parkinson's disease, mucositis or vomit. 

5  Accurate dosing can be achieved 

6 Improve the bioavailability of drugs having first-pass 
metabolism. 

7 Thin and can be administered without water 

8 Easy to transport and flexible, robust in nature.7

 

Table 1:  Market and Clinical Film Advantages 

Market Advantages Clinical Advantages 

Extending Revenue Life Cycles Improved bioavailability of medicines with high first- pass 
metabolism. 

Marketing Exclusivity and Increased Revenue Reduced Side Effects by lowering the required dose, oral films 
may also contribute to a reduction in side effects. 

Discourage tampering and reduce the dangers 
associated with misuse and abuse of certain 
prescription medications. 

Faster onset of action Drugs absorbed through the oral 
mucosa have a faster onset of action, making oral films ideal 
for therapies that require quick results. 8 

 

2. Formulation Strategies for the Preparation of 
Mucoadhesive and Orodispersible Film  

2.1 Hot melt extrusion technique: 

Hot melt extrusion uniformly mixes drugs with carriers 
in a molten state, forming filaments or powders to 
enhance drug solubility and bioavailability. It is widely 

used for oral films and is environmentally friendly due to 
the absence of organic solvents.9 Hot melt extrusion 
uniformly mixes drugs with carriers in a molten state, 
forming filaments or powders to enhance drug solubility 
and bioavailability. It is widely used for oral films and is 
environmentally friendly due to the absence of organic 
solvents.

 

 

Figure 1 Diagrammatic Representation Hot melt extrusion 
 

2.2 Electrospinning method: 

Electrospinning uses an electric field to create nanofibers 
from polymer solutions, forming non-woven mats for 
drug delivery. Chitosan/pullulan FDOFs were prepared 
by charging polymer solutions and ejecting them onto a 
grounded drum. (fig 2) The ratio of chitosan to pullulan 
in the solution varied, and the solutions were 
characterized by their viscosity, conductivity, and 

surface tension. Scanning electron microscopy was then 
used for examination of the morphology of the resulting 
nanofibers10. Multilayer films, such as ethyl 
cellulose/gelatin nanofibrous films, were fabricated by 
sequential electrospinning to control drug release. Other 
applications include mucoadhesive buccal patches with 
dual layers for unidirectional drug delivery, combining 
PVP/Eudragit RS 100 with a protective polycaprolactone 
backing.11
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Figure 2 Diagrammatic Representation Electrospinning method 
 

2.3 Printing technology: 

Printing technology refers to processes that use 
computer-aided design (CAD) to create three-
dimensional objects by depositing materials layer-by-
layer (fig. 3). This technology can be used to create a 
variety of objects, including oral films for drug delivery. 
This method involves depositing precise amounts of a 
liquid formulation containing the API onto a substrate. 
The article also describes drop-on-demand printing as an 
alternative method for depositing molten formulations 
onto a substrate to create ODFs 12 The fused deposition 
modeling (FDM) 3D printing is another way of creating 

mucoadhesive buccal films for unidirectional drug 
release. The process starts with creating drug-loaded 
filaments via hot melt extrusion using PVA, xylitol, and 
diclofenac sodium, with or without chitosan. A MakerBot 
Replicator 2X FDM printer is used to print these 
filaments into four-layered films. For films with backing 
layers, either ethyl cellulose is 3D printed on top or 
commercial wafer edible sheets are manually applied to 
the printing platform 13. A combined FDM and inkjet 
method was prepared by Fatouros et al. incorporating 
heat-sensitive drugs like lidocaine into HPMC-based 
buccal films with ethyl cellulose backing for 
unidirectional drug release. 14

 

 

Figure 3 Diagrammatic Representation Printing Technology 
 

2.5 Solvent casting method: 

Solvent casting is a widely used technique for producing 
films, especially in the pharmaceutical industry for 
creating orodispersible films (ODFs). (fig 4) 

This method involves dissolving the polymer and the 
active pharmaceutical ingredient (API) in a suitable 
solvent. The resulting solution, called the film casting 
mass, is then cast onto a substrate like a PET 
(polyethylene terephthalate) foil. The film is dried in a 
controlled environment, typically an oven, to allow the 
solvent to evaporate. As the solvent evaporates, the 
polymer and API molecules come closer together, 

eventually solidifying into a thin, uniform film. The 
properties of the resulting film, like its porosity, time of 
disintegration, and mechanical strength, depend on the 
formulation of the casting solution and the drying 
conditions. This method is particularly beneficial for 
heat-sensitive drugs and excipients as it avoids the high 
temperatures involved in other film preparation 
techniques like hot-melt extrusion15 However, the 
solvent casting method has limitations, including 
challenges in scaling up, residual solvent concerns, 
environmental impact, and difficulties in achieving high 
drug loads due to solubility and crystallization issues. 16
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Figure 4: Diagrammatic Representation Solvent casting method 
 

3. EMERGING TREND OF ORAL FILM 

Oral dispersible films are gaining more importance 
nowadays due to their versatile application in the 
delivery of vaccines, protein peptides, and herbal 
extracts, which are discussed in further sections: 

3.1 Vaccine: 

Oral administration of vaccines is challenging because of 
their low inherent stability and degradation and 
metabolism resulting in poor bioavailability.17Tian and 
coworkers developed orodispersible films (ODFs) using 
trehalose and pullulan to stabilize therapeutic proteins 
like β-galactosidase, with freeze-drying enhancing 
process stability and air-drying improving storage 
stability.18 Remarkably, the COVID-19 pandemic 
emphasized the need for innovative vaccine delivery 
methods. While most COVID-19 vaccines are 
intramuscular and require cold storage, increasing costs 
and limiting use in tropical regions, oral recombinant 
vaccines like Vaxart’s pill in 2021 showed promise in 
phase II trials. ODFs offer a patient-friendly, cost-
effective alternative for vaccine delivery, addressing 
storage, transport, and injection-related challenges.19 

3.2 Probiotics: 

Probiotics like Streptococcus salivarius have potential in 
managing oral health issues, including dental caries 
caused by Streptococcus mutans. Orodispersible films 
(ODFs) with S. salivarius and xylitol, fabricated using 
inkjet printing, provide localized delivery, bypassing 
harsh gastric conditions. These films reduce S. mutans 
populations in vitro, with xylitol inhibiting bacterial 
metabolism and S. salivarius preserving tooth phosphate 
integrity.20 Saha and coworkers formulated ODFs with 
CMC polymer to deliver Lactobacillus fermentum for 
periodontitis treatment. Advances in techniques have 
improved probiotic loading and prolonged release, 
enhancing antifungal and antibacterial efficacy. S. 
salivarius-xylitol ODFs achieved a 2.86-log reduction in S. 
mutans numbers, demonstrating strong antibacterial 
activity. 21 

3.3 Herbal extracts: 

The natural and herbal pharmaceuticals are gaining 
constant interest nowadays by researchers due to their 
extensive pharmacological effects, including anti-
inflammatory and antioxidant activity such as curcumin 
22. Curcumin oral films offer several advantages for drug 
delivery, particularly for treating oral diseases. 
Indonesian oral films infused with traditional herbal 
extracts (Jamu) offer a flexible, intraoral drug delivery 
method, bypassing swallowing and absorption issues. 
Utilizing medicinal plants like Lagerstroemia speciosa for 
diabetes and Phyllanthus niruri for immunity, these films 
enable targeted treatment. Tailored formulations 
optimize delivery, though extract load limitations may 
necessitate larger film sizes for some therapies. 

Nguyen and coworkers have prepared an ODF loading 
with Panax notoginseng showing high stability in an 
acidic medium and fast disintegration in vivo release. The 
stability of herbal extracts can be maintained in ODF with 
ease of administration in elderly people and those with 
chronic treatment of certain diseases. 23 

3.4 Personalized ODF: 

Personalized ODFs address the limitations of adult-
formulated medications, ensuring suitability for 
pediatric use. They offer dose flexibility, allowing precise 
adjustments based on a child's weight, age, and medical 
needs. Given children's unique pharmacokinetics, ODFs 
enhance compliance by easing administration and 
overcoming swallowing difficulties. Taste-masking, 
flavors, and colors improve palatability and acceptance 
among pediatric patients. This approach enables safe, 
effective, and patient-centric drug delivery tailored to 
children's needs.24 

Salma et al. have developed a personalized antifungal 
oral film of atorvastatin that has enhanced antifungal 
efficacy, improved bioavailability, and anti-inflammatory 
effect. The film was developed with atorvastatin a 
cholesterol-lowering drug with antifungal activity.  The 
formulation encapsulated with propylene glycol was 
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then incorporated into 3D-printed mucoadhesive film 
composed of chitosan, PVA, and HPMC and designed to 

provide controlled drug release and adhere to oral 
mucosa.25

  

 

Figure 5: Production of oral disintegration films on demand using a printing technology that takes into account 
the requirements of various patients. 

 

4 Recent advances in oral film 

4.1 pH and sugar sensitive layer by layer thin films  

pH- and sugar-sensitive layer-by-layer thin films are the 
films developed for controlled drug release. pH-sensitive 
films use weak polyelectrolytes or hydrogen-bonding 
polymers, with permeability controlled by 
environmental pH. Sugar-sensitive films incorporate 
glucose oxidase, lectin, or phenylboronic acid 
derivatives, which bind sugars to form charged 
complexes, altering film properties. A major challenge is 
optimizing sensitivity under physiological conditions.26 

4.2 Nanoparticle-loaded oral film: 

Nanoparticle-loaded ODFs enhance drug delivery by 
incorporating nanoparticles into fast-dissolving films, 
improving solubility and bioavailability of poorly soluble 
APIs (BCS II & IV). By reducing particle size, 
nanoparticles increase surface area, accelerate 
dissolution, and protect APIs from degradation, ensuring 
better therapeutic effects.27Targeted drug delivery to 
specific tissues or organs, Sustained or extended release 
of the drug, reducing dosing frequency and improving 
patient compliance, and improved taste masking, making 
the medication more palatable, especially for pediatric 
patients. The sublingual film containing nanoparticles of 
poorly water-soluble drugs like domperidone was 
prepared to get quick disintegration and rapid onset of 
action in case of nausea and vomiting produced by 
chemotherapy, migraine, headache, and other 28 The film 
was prepared to contain lipid nanoparticles for poorly 

water-soluble drugs to improve oral bioavailability of 
BCS class II and IV drugs.29 

4.3 Micropellete-loaded oral film 

Micro-pellet-loaded oral films (ODFs) combine rapid 
disintegration with controlled drug release by 
embedding coated drug-loaded micropellets into a film 
matrix. These micropellets remain intact after film 
dissolution, allowing prolonged drug release while 
minimizing dose dumping. The coating and drug amount 
can be tailored for desired release profiles, offering 
improved stability, protection, and safer delivery, 
especially for patients with swallowing difficulties.30 
Isabell Speer incorporated diclofenac-loaded micro 
pellets in the oral film by using the spheronization 
technique. The fast-disintegrating microcrystalline 
cellulose pellets were prepared to enhance the 
dissolution of poorly soluble indomethacin enhancing its 
solubility31 

4.4 Cyclodextrin -based oral film 

Cyclodextrins are naturally occurring cyclic 
oligosaccharides typically composed of six, seven, or 
eight glucose units linked together in a ring structure and 
contain a hydrophobic inner cavity and hydrophilic outer 
surface. The primary purpose of using cyclodextrin in 
drug delivery systems is to enhance the solubility, 
bioavailability, and stability of drugs.32Cyclodextrin 
enhances drug solubility in liposomes, increases loading 
capacity, protects against degradation, and enables 
sustained release for prolonged therapeutic effects 33.
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5. Oral fast dissolving film available in market: 

Table 2: Oral fast dissolving film available in market 

Trade name  API Polymer 

1. OTC Products 34, 35 

Listerine Menthol Pullulan 

Sudafed PE Phenylephrine Maltodextrin carrageen 

Gas -X Thin strip Simethicone Maltodextrin HPMC 

Theraflu® Day Time Thin Strips Dextromethorphan Diphenhydramine  Hypromellose Maltodextrin 

Suppress cough strips  menthol Carrageen pectin sodium alginate 

Chloraseptic® Sore Throat Relief Strips Benzocaine Corn starch 

Pedia-Lax™ Quick Dissolve Strip Sennoside HPMC 

Benadryl® Allergy Quick Dissolve Strips 
(McNeill-PPC) 

Diphenhydramine Carrageen Pullulan 

2. Prescribed Products 36 

Sildenafil Orodispersible Film Sildenafil Maltodextrin 

Zuplenz® Ondansetron HHPMC 

Risperidone HEXAL Risperidone HHPMC Maltodextrin 

 

6. Future prospective and market reports of oral 
film: 

Fast-dissolving oral films (FDOFs) are poised to become 
increasingly important in the pharmaceutical industry 
due to their numerous advantages over conventional oral 
dosage forms and a robust research and development 
pipeline. As the sources explain, FDOFs address the 
limitations of traditional medications, offering enhanced 
patient compliance, improved bioavailability, and 
greater convenience. The enhanced bioavailability is 
achieved by rapid drug absorption through the oral 
mucosa, bypassing the first-pass metabolism in the liver 
and potentially leading to quicker therapeutic effects. 
The discreet nature and ease of administration of FDOFs 
make them particularly attractive for patients who 
struggle with swallowing traditional pills, such as 
pediatric, geriatric, and mentally disabled individuals. 
The sources further emphasize that FDOFs represent an 
opportunity for pharmaceutical companies to 
differentiate their products, extend the patent life of 
existing medications, and expand into new markets.  As 
the technology continues to advance, the sources 
anticipate an expansion of FDOF applications beyond 
conventional drugs to include hormones, vaccines, and 
other therapeutic modalities.  Despite the current limited 
availability of prescription FDOFs, a number of key 
players, including MonoSol Rx, Applied Pharma 
Research/Labtech GmbH, Bio Delivery Sciences, and NAL 
Pharma, are actively developing FDOF technologies and 
partnering with pharmaceutical companies to bring 
these innovative products to market. The US FDA has 
already established clear regulatory pathways, including 
ANDA for bioequivalent products and 505(b)(2) for 
novel dosage forms, paving the way for wider adoption 
of FDOFs in the coming years 37.  The oral film global 

market report shows that the OTF market size has grown 
rapidly in recent years. It will grow from $4.07 billion in 
2023 to $4.6 billion in 2024 at a compound annual 
growth rate of 13.0%. The growth in the historic period 
can be attributed to patient compliance, pediatric and 
geriatric patients, rapid drug delivery, chronic disease, 
and over-the-counter medications. 

The OTF market size is expected to see rapid growth in 
the next few years; it will grow from $7.65 billion in 2028 
at a compound annual growth rate of 13.6%. 

7. Components of oral film 

 

Figure 6: Ingredients used in oral film 

7.1 Active Pharmaceutical agents: 

The API is the drug or active substance that provides the 
therapeutic effect. The amount of API that can be 
incorporated into an oral film is typically limited, with a 
maximum of around 30 mg. However, films have the 
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potential to load APIs up to 50% of the unit dose mass 38 

Ideal characteristics of drug that can be incorporated 
in oral films are: 

• Drug dose should be low.  

• It must be palatable. 

• It is having a smaller molecular weight. 

• It must be soluble and stable in saliva 39. 

• It should be partially unionized at the pH of the oral 
cavity. 

• It should have the ability to permeate through the 
mucosa of the oral cavity 40.

 

Table 3: List of few drugs that can be incorporated in oral film 40 

API Category Dose (mg) 

Nicotine Smoking cessation 1-15 

Glyceryl trinitrate Vasodilator 0.3-0.6 

Zolmitriptan Antimigraine 2.5 

Loratadine Antihistaminic 5-10 

Desloratidine Antihistaminic 5 

Diphenhydramine HCL Antihistaminic 25.0 

Loperamide Antidiarrheal 2.0 

Famotidine Antacid 10 

Flurazepam Anxiolytic 15-30 

Chlorpheniramine maleate Antihistaminic 4 

Acrivastine Antihistaminic 8 

Oxycodone Opioid analgesic 2.5-10 

Dicyclomine Muscle relaxant 25 

Omeprazole Proton pump inhibitor 10-20 

Cetirizine Antihistaminic 5-10 

Ketoprofen Anti-inflammatory 12.5-25 

Levocetrizine ,Loratadine Antihistaminic 5-10 

Ketorolac Indomethacin Valdecoxib 
Piroxicam 

NSAID 10,25,10,20 

Mirtazapine Antidepressant 15,30,45 

Buspirone Anxiolytic 5,10 

Carvedilol Beta blocker 3 

 

7.2 Polymers  

Polymers are a set of monomers that can be employed 
individually or in combination to achieve desired strip 
qualities. Polymers play a crucial role in film preparation 
due to their impact on the disintegration time and 
strength of the film.41 Because the strip-forming polymer 
(which forms the platform for the OS) is the most 
important and primary component of the OS, at least 
45% w/w of polymer should normally be present based 
on the total weight of dry OS 42. Typically, 60-65% water-
soluble polymer is ideal for creating OS with specified 
qualities43. As a polymer emulsion loses water, capillary 
pressure pushes particles together, causing them to 
deform and merge into a film. The minimum film 
formation temperature is where the polymer's modulus 

allows deformation under this pressure 44. 

Ideal characteristics of polymers used in oral film: 

• The polymer used should be non-toxic, non-irritating, 
and free of leachable impurities. 

• The material should have good wetting and spreading 
properties. 

• The polymer should have sufficient peel, shear, and 
tensile strengths. 

• The polymer should be freely available and 
affordable. 

• It should have a long shelf life.45 
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Polymers used in preparation of mucoadhesive film 

Table 4: Polymers used in preparation of mucoadhesive 

Polymers formula properties Advantages Ref 

Polyacrylates 
(e.g., 
Carbopol®, 
Noveon®) 

C3H4O2 n Possess carboxylic groups that  interact 
with mucin's oligosaccharide chain 
physical entanglement with mucus 
layers further enhances adhesion 
Swelling upon hydration can pose 
challenges for patient compliance. 

Excellent, mucoadhesive 
properties due to strong 
hydrogen bonding with Mucin 
Form transparent, easily 
modified gel networks Non-
toxic and considered safe 
(GRAS status) for oral use.  

46,47, 

48,49,50 

Hyaluronic 
acid (HA) 

C8H13NO7 
n 

Unbranched polysaccharides with 
repeating unit of D glucuronic acid and N- 
acetyl D glucosamine assumes an 
expanded coil structure in solution   

Enhances drug penetration 
strong adhesion to buccal 
mucosa particularly at lower 
molecular weights forms a 
strengthen mucus layer upon 
interpretation with mucus 

51, 

52,53,54 

Chitosan GlcNlcNAc n Can form complexes with drugs to 
enhance solubility and mucosadhesion 
mucoadhesive properties can be 
weakened by chemical cross linkers 
molecular weight confirmation and degree 
of acetylation influence its mucoadhesive 
behavior. 

Biocompatible 

and biodegradable positively 
charged amines interact with 
negatively charged salicylic acid 
residues in mucin. 

55,56, 

57,58 

Cellulose 
Derivatives 
e.g. (HEC, 
HPMC, HPC, 
CMC) 

C6H10O5N Non-ionic derivatives like HPMC have 
moderate mucoadhesive properties 
Anionic CMC offers hydrogen bonding 
ability for better adhesion. 

Wide range of available 
derivatives with varying 
properties CMC exhibits the 
best mucoadhesive properties 
among cellulose derivatives. 

 

59 

Alginate C₆H₇NaO₆ 
(sodium 
alginate) 

Linear Polysaccharide composed of 
Mannuronic acid (M) and guluronic acid 
(G) units High molecular weight alginate 
can bridge distant mucin sites and 
contract the protein 

Excellent bioadhesive 
properties Forms 
microparticles suitable for 
Prolonged drug release 

60 

Pectin C₆H₁₀O₇ Pectin is a natural, biodegradable, and 
mucoadhesive polysaccharide with gel-
forming, pH-sensitive, and controlled 
drug release properties 

Superior mucoadhesion at low 
molecular weights 

61,62, 63 

 

Gelatin C₆H₁₂O₆ Natural polymer often used in 
combination with other mucoadhesive 
agents 

Forms strong mucoadhesive 
bonds between combined with 
other polyemers like HPC, 
HPMC and NaCMC 

64 

Polyvinylp-
yrrolidone 
(PVP) 

C6H9NO)n Poor mucoadhesive properties on its own Can enhance mucoadhesive 
properties of other polymer 
when blended 

64 

Natural polymer 

Pullulan C20H36O16 Nonionic non hygroscopic nontoxic non 
mutagenic and noncarcinogenic 
biodegradableble. Odorless, tasteless, 
soluble in hot and cold water and dilute 
alkali  

Lower viscosity compared to other 
biopolymers  

Good film-forming properties 
often blended with other 
polymers like HPMC; Pectin, 
Maltodextrin 

  

 65,66,67 

 

Maltodextrin C12H22O11 Non sweet, nutritious, oligosaccharide 
good film former, odorless, low 
hygroscopicity. Good solubility in water, 

Excellent carrier for active 
compounds forms films with 
good mechanical properties 

68,69,70 
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poorly soluble in anhydrous alcohol (DE) 
significantly impacts film properties, 
with lower DE resulting in higher tensile 
strength and faster disintegration. 

and fast disintegration often 
blended with HPMC to further 
enhance properties  

Starch (C6H10O5)n Abundant polysaccharide composed of 
amylose and amylopectin semi 
crystalline nature may require 
modification for improved solubility 
and mechanical properties source of 
starch  

 

 

Forms transperant, odorless, 
tasteless and biodegradable 
films or pregelatinized starch 
are particularly suitable for 
ODF offering fast disintegration 
and good mechanical 
properties often blended with 
gelatin or HPMC to optimize 
properties   

71,72 

Hydrolyzed 

Collagen 

CO(NH2)2 Derived from collagen via enzymatic 
hydrolysis low viscosity solution, high 
solubility, antioxidant, antimicrobial not 
suitable for film formation alone due to 
low molecular weight 

Enhances flexibility and 
hydrophilicity when blended 
with other polymers like 
gelatin  

73, 74 

 

 

7.3 Plasticizers 

Plasticizers are essential additives in films, enhancing 
polymer flexibility, durability, and processability by 
lowering the glass transition temperature (Tg), making 
films less brittle and more pliable. The selection of a 
plasticizer depends on its compatibility with the 
polymer, often following the "like dissolves like" 
principle. Hydrophilic polymers with hydroxyl groups 
are plasticized by hydrophilic agents like glycerol and 
polyethylene glycols, while less polar polymers, such as 
cellulose acetate phthalate (CAP) and hydroxypropyl 
methylcellulose phthalate (HPMCP), are better suited for 
organic esters like citrates and phthalates. Plasticizer 
concentration, typically 0–20% w/w of dry polymer 
weight, is crucial to avoid issues like plasticizer migration 
("blushing"). 47, 75The plasticizer should permanently 
enhance flexibility and decrease Tg within the range of 
40–60°C for non-aqueous systems and below 75°C for 
aqueous systems [85, 86].  Certain drugs, such as 
ibuprofen with Eudragit RS 30 D, act as plasticizers, 
reducing Tg via hydrogen bonding and forming smooth 
films76. Plasticization mechanisms include internal 
(chemical interaction, potentially altering drug release, 
e.g., PEG 4000 and phenobarbital) and external (no 
chemical changes, preferred by formulators) methods.77 

7.4 Miscellaneous components: 

7.4.1 Saliva stimulating agent 

Saliva-stimulating agents enhance the disintegration of 
fast-dissolving oral strips by increasing saliva 
production. Acids like citric, malic, lactic, ascorbic, and 
tartaric acid (2–6%) are effective stimulants, with citric 
acid being the most preferred. Sweeteners, both natural 
(e.g., glucose, fructose) and artificial, also aid in salivary 
stimulation, with artificial sweeteners offering lower 
required concentrations and reduced dental caries risk 
78. 

7.4.2 Sweetening agents: 

Sweeteners are vital in food and pharmaceutical 
products designed to dissolve or disintegrate in the oral 

cavity, especially for pediatric formulations  including 
natural (glucose, fructose, sucrose) and artificial 
(acesulfame-K, sucralose, neotame) types.79 Sucralose is 
600–1000 times sweeter than sucrose, aspartame 200 
times, and saccharin sodium 300–500 times, with 
minimal impact on ODF flexibility.80 

7.4.3 Flavoring Agent: 

Flavoring agents in ODFs mask API bitterness with FDA-
approved options like sweet, sour, and mint flavors. A 
study found mint, licorice, and sucralose effectively 
masked diclofenac sodium's bitterness, with electronic 
tongues aiding taste analysis. 81 

7.4.4 Super disintegrating agent: 

Surfactants in ODFs aid in dispersion, wetting, and 
solubilization, ensuring rapid disintegration and drug 
release for patients with swallowing difficulties. 
Common surfactants include benzalkonium chloride, 
tweens, and sodium lauryl sulfate, while poloxamer 407 
is frequently used for its performance-enhancing 
properties. Selection depends on the drug, disintegration 
time, and excipient compatibility.82 

8.Characterizations of film: 

8.1 Chemical stability studies: 

These studies are conducted to determine any potential 
interactions among excipients in the film. Techniques 
such as Fourier transform infrared spectroscopy (FTIR), 
differential scanning calorimetry (DSC), and X-ray 
diffraction are commonly employed for compatibility 83. 

8.2 Thickness Measurement: 

The film’s thickness is an important parameter that can 
be measured using an electronic digital micrometer, 
digital Vernier caliper, or micro screw gauge. To ensure 
uniformity, the film is measured at different locations, 
including the corners and the center.84 Usually three 
readings are taken from all batches, and their average is 
calculated. The film’s uniformity is directly proportional 
to the dose accuracy of the film .85 
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8.3 Swelling study: 

The swelling ability of the film is evaluated by placing it 
on an agar plate and incubating it at 37 ± 2°C. The 
increase in diameter and weight of the film is monitored 
at specific time intervals (1-5 hours) to determine its 
swelling capacity.86 

% Swellability =
Final weight −  Initial weight  

Initial weight 
× 100 

8.4 Tensile strength (TS): 

Tensile strength is defined as the maximum stress that a 
material can repel while being stretched or pulled ahead 
before breaking. Tensile strength is a critical quality 
control parameter for oral films as it indicates the ability 
of the film to withstand handling and transportation 
without damage. It is important for manufacturers to 
know the optimal formulation that balances tensile 
strength with other desired properties, such as flexibility 
and disintegration time.87 

Tensile strength =
Load at failure × 100  

 Strip thickness ×  Strip width
× 100 

8.5 Factors affecting are: 

• Polymer type and concentration 88 

• Plasticizer content  

• Moisture content89 

8.6 Percent elongation 

Percent elongation measures how far a material can 
extend before breaking. When tension is applied to the 
strip sample, it stretches, which is known as strain. 
Generally, elongation of the strip rises as the plasticizer 
content increases. 90 

% elongation =
Increase in length of strip × 100  

 Initial length of strip
 

Percent elongation tends to increase as plasticizer 
content in the material increases. Materials that are hard 
and brittle have low percent elongation, while more 
flexible materials have higher percent elongation.91 

8.7 Folding endurance: 

Folding endurance is defined as the number of times an 
oral film can be folded at the same place until it breaks. 
This property is sometimes referred to as flexibility. The 
number of times the film can be folded without breaking 
is the folding endurance value. Another way to measure 
flexibility is to fold film 300 times without breaking 
it.90Folding endurance is an important characteristic of 
oral films, particularly buccal films. The thin films need 
to be flexible enough to withstand holding and packaging 
without being damaged. Folding endurance also impacts 
patient comfort. Thicker oral films, like some buccal 
patches on the market, can be inconvenient for the 
patient if the film is not flexible. 92 

8.8 Disintegration time: 

Official pharmacopeias recommend using a 
disintegration instrument to measure film disintegration 
time. Film disintegration time varies according to 

material and formulation, often ranging from 5 to 30 
seconds. There are no official guidelines available for 
determination of disintegration time 93.  

There are two ways available to determine the 
disintegration time of film. 

A. Slide frame method: 

A drop of distilled water is put onto the film, which is 
clamped into slide frames and placed in a petri dish. The 
time it takes for the film to disintegrate is noted. 

B. Petri dish method:  

A film is positioned over 2 ml of distilled water in a petri 
dish. The time it takes for the film to totally dissolve is 
considered the disintegration time. 94 

8.9 Dissolution test: 

Dissolution testing for oral films is normally performed 
using a standard USP dissolution device, such as a basket 
or paddle device, to establish the rate and degree of drug 
release from the film. The choice of solvent (typically 900 
ml) depends on the drug's solubility and the desired sink 
conditions, which ensure that the drug dissolves in the 
medium without reaching saturation. To mimic oral 
cavity conditions, the temperature is maintained at 37 ± 
0.5 °C and the rotation speed is adjusted to 50 rpm. 
Samples are taken from the dissolving media at regular 
intervals and tested for drug release using appropriate 
methods. An analytical technique, frequently 
spectrophotometry, is used at a specified wavelength 95. 

8.10 Drug content /content uniformity: 

Drug content evaluation for oral films involves 
determining the quantity of active pharmaceutical 
ingredient (API) present in the film to ensure accurate 
dosing. This is typically done using a standard assay 
method described in a pharmacopoeia for the specific API. 
Content uniformity is also assessed by analyzing the API 
quantity in each film strips, with the acceptable range 
typically being 85-115%. With standard deviation less 
than or equal to 6% 96 Ensuring proper drug content and 
uniformity is critical for product quality and efficacy  

8.11 Evaluating Water Content in Oral Films 

Water content is a crucial parameter in oral film 
formulations as it can impact the film's mechanical 
properties, time of disintegration, and stability. Residual 
water in the films is typically measured using various 
methods like Karl Fischer titration, loss on drying, or 
dynamic vapor 

permeability. Excess water content can make films sticky, 
while too little water can result in brittle films that are 
prone to damage. The sources also point out that water 
content can influence disintegration time: lower water 
content can lead to longer disintegration times because it 
makes it harder for water to penetrate the polymer 
matrix 97 

8.12 Surface pH: 

The pH of the surface is an important characteristic, as it 
may irritate the mucosal tissues. The film is immersed in 
1.0 milliliter of distilled water with a pH of 6.5 ± 0.05 for 
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two hours in order to determine the surface pH. For this, 
a glass tube that has been specially made is utilized. A 
combination glass electrode is placed close to the film's 
surface for one minute in order to measure the surface 
pH. 98 

8.13 Morphology study:  

Surface morphology refers to the surface features and 
structure of a material, and in the case of oral films, it can 
impact properties like drug release, adhesion, and 
mechanical behavior. Various microscopy techniques, 
like scanning electron microscopy (SEM), electron 
microscopy, and scanning tunneling microscopy, are 
used to examine the surface morphology of oral films. 
SEM is the most widely used technique, and it allows 
researchers to observe characteristics like the size, 
shape, and number of pores present on the film's surface. 
Understanding the surface morphology of oral films is 
important for optimizing their design and performance. 
99 Scanning electron microscopy (SEM) reveals changes 
between the upper and lower sides of films. It also helps 
to determine the dispersion of API.100 

8.14 Moisture Uptake in Oral Films 

To measure moisture uptake, a film sample is placed in a 
desiccator for 24 hours, then moved to a desiccator at 
84% relative humidity until it reaches a constant weight. 
The humidity uptake is calculated as the percentage 
change in weight, representing the quantum of humidity 
the film absorbs. 101 

Moisture uptake 

=
Initial weight −  Final weight  

Final weight
× 100 

8.15 Ex–vivo Permeation Studies: 

Ex vivo permeation studies are conducted to evaluate the 
rate at which a drug permeates through the mucosal 
membrane from an oral film. These studies utilize a 
modified Franz diffusion cell, which consists of two 
compartments: a donor compartment where the oral film 
is placed and a receptor compartment filled with 
phosphate buffer (pH 7.4) to simulate physiological 
conditions. An artificial or animal (typically rabbit) 
mucosal membrane is positioned between the two 
compartments. The membrane is allowed to stabilize for 
one hour before the film is introduced. During the study, 
samples are periodically withdrawn from the receptor 
compartment to measure the quantity of drug that is 
permeable across the membrane, and the withdrawn 
volume is replaced with fresh buffer. These studies are 
important to assess the drug's ability to cross the 
mucosal barrier and reach the systemic circulation, 
providing insights into the potential bioavailability of the 
drug from the oral film formulation 102 

8.16 In Vivo Evaluation of Oral Films 

In vivo evaluation of buccal films is more insightful than 
in vitro/ex vivo testing as it provides a better 
understanding of how the formulations actually behave. 
These studies are typically employed to evaluate 
pharmacokinetic characteristics, residence duration, 
drug release, irritation, absorption, and bioavailability. 

Residence time is typically evaluated in human subjects 
by measuring the time it takes for the buccal film to 
completely detach from the buccal mucosa. Volunteers 
are typically asked to refrain from eating or drinking 
during the test. Drug release studies are also conducted 
in humans by applying the film to the buccal cavity and 
periodically collecting saliva samples to analyze the 
amount of drug released. Drug absorption is evaluated in 
both animal models and humans using direct methods, 
like collecting blood samples to measure drug 
concentrations, and indirect methods, like measuring the 
amount of drug remaining in a perfusion chamber after 
circulating it through the oral cavity. Bioavailability can 
then be calculated from this data103. 

Conclusion 

Oral fast-dissolving films (ODFs) are gaining prominence 
in the pharmaceutical industry due to their numerous 
advantages over traditional oral dosage forms. ODFs offer 
enhanced patient compliance, improved bioavailability, 
and greater convenience, especially for dysphagia 
patients like pediatric, geriatric, and mentally disabled 
individuals. The discreet and user-friendly nature of ODFs 
makes them a desirable alternative to conventional pills. 
The technology also presents opportunities for 
pharmaceutical companies to extend the patent life of 
existing medications and expand into new markets. 
While prescription ODFs are currently limited, several 
companies are actively developing FDOF technologies 
and collaborating with pharmaceutical companies to 
introduce these innovative products. The US FDA has 
established regulatory pathways for ODFs, indicating a 
promising future for wider adoption. The global OTF 
market has grown quickly, and forecasts suggest that it 
will continue to rise in the years to come. Increased 
patient compliance, the rise in chronic illness, and the 
need for more easily accessible over-the-counter drugs 
are some of the causes driving this trend. 

Acknowledgements: We thank Dr. Monica Ola Ma’am 
for his advice and immense insights while writing this 
review article.  

Authors' contributions:  

Shivani M. Khade– draft writing, Arun A. Pawar– draft 
writing, Rohini P. Tikhe – draft writing, Vaishnavi D. 
Madwe draft writing, Sunil D. Shinde– draft writing, 
Rajveer Bhaskar – Supervision, Monika Ola – 
Supervision. 

Funding source: There is no funding source.  

Conflict of interest: The authors reported no conflict of 
interest.  

Ethical Approval: Not applicable 

References 

1. Reddy TUK, Reddy KSK, Manogna K, Thyagaraju K. A detailed 
review on fast dissolving oral films. Journal of Pharmaceutical 
Research. 2018;8(06). 

2. Prajapati VD, Chaudhari AM, Gandhi AK, Maheriya P. Pullulan based 
oral thin film formulation of zolmitriptan: Development and 
optimization using factorial design. International journal of 
biological macromolecules. 2018;107:2075-2085. 
https://doi.org/10.1016/j.ijbiomac.2017.10.082 PMid:29074082 

https://doi.org/10.1016/j.ijbiomac.2017.10.082


Bhaskar et al.                                                                                                                             Journal of Drug Delivery & Therapeutics. 2025; 15(4):150-164 

ISSN: 2250-1177                                                                                           [161]                                                                                            CODEN (USA): JDDTAO 

3. Karaman DṢ, Patrignani G, Rosqvist E, Smått J-H, Orłowska A, 
Mustafa R, et al. Mesoporous silica nanoparticles facilitating the 
dissolution of poorly soluble drugs in orodispersible films. 
European Journal of Pharmaceutical Sciences. 2018;122:152-159. 
https://doi.org/10.1016/j.ejps.2018.06.027 PMid:29966736 

4. Oudah MH, Wais M, Al-lam S. Preparation and evaluation of 
meloxicam nanoparticles as oral thin film. Int J Drug Deliv 
Technol. 2021;11:676-84. 

5. Speer I, Lenhart V, Preis M, Breitkreutz J. Prolonged release from 
orodispersible films by incorporation of diclofenac-loaded 
micropellets. International Journal of Pharmaceutics. 
2019;554:149-60. 
https://doi.org/10.1016/j.ijpharm.2018.11.013 PMid:30414477 

6. Visser JC, Woerdenbag HJ, Hanff LM, Frijlink HW. Personalized 
medicine in pediatrics: the clinical potential of orodispersible 
films. Aaps pharmscitech. 2017;18(2):267-72. 
https://doi.org/10.1208/s12249-016-0515-1 PMid:27044380 

7. Yildiz ZI, Uyar T. Fast-dissolving electrospun nanofibrous films of 
paracetamol/cyclodextrin inclusion complexes. Applied Surface 
Science. 2019;492:626-33. 
https://doi.org/10.1016/j.apsusc.2019.06.220 

8. Borges AF, Silva C, Coelho JF, Simões S. Oral films: Current status 
and future perspectives: I-Galenical development and quality 
attributes. Journal of Controlled Release. 2015;206:1-19. 
https://doi.org/10.1016/j.jconrel.2015.03.006 PMid:25747406 

9. He M, Zhu L, Yang N, Li H, Yang Q. Recent advances of oral film as 
platform for drug delivery. International journal of pharmaceutics. 
2021;604:120759. 
https://doi.org/10.1016/j.ijpharm.2021.120759 PMid:34098053 

10. Qin Z-y, Jia X-W, Liu Q, Kong B-h, Wang H. Fast dissolving oral films 
for drug delivery prepared from chitosan/pullulan 
electrospinning nanofibers. International journal of biological 
macromolecules. 2019;137:224-31. 
https://doi.org/10.1016/j.ijbiomac.2019.06.224 PMid:31260763 

11. Wang P, Li Y, Zhang C, Feng F, Zhang H. Sequential electrospinning 
of multilayer ethylcellulose/gelatin/ethylcellulose nanofibrous 
film for sustained release of curcumin. Food chemistry. 
2020;308:125599. 
https://doi.org/10.1016/j.foodchem.2019.125599 
PMid:31648098 

12. Scarpa M, Stegemann S, Hsiao W-K, Pichler H, Gaisford S, Bresciani 
M, et al. Orodispersible films: Towards drug delivery in special 
populations. International journal of pharmaceutics. 
2017;523(1):327-35. 
https://doi.org/10.1016/j.ijpharm.2017.03.018 PMid:28302515 

13. Eleftheriadis GK, Ritzoulis C, Bouropoulos N, Tzetzis D, Andreadis 
DA, Boetker J, et al. Unidirectional drug release from 3D printed 
mucoadhesive buccal films using FDM technology: In vitro and ex 
vivo evaluation. European Journal of Pharmaceutics and 
Biopharmaceutics. 2019;144:180-92. 
https://doi.org/10.1016/j.ejpb.2019.09.018 PMid:31550525 

14. Eleftheriadis GK, Monou PK, Bouropoulos N, Boetker J, Rantanen J, 
Jacobsen J, et al. Fabrication of mucoadhesive buccal films for local 
administration of ketoprofen and lidocaine hydrochloride by 
combining fused deposition modeling and inkjet printing. Journal 
of Pharmaceutical Sciences. 2020;109(9):2757-66. 
https://doi.org/10.1016/j.xphs.2020.05.022 PMid:32497597 

15. Zayed GM, Abd-El Rasoul S, Ibrahim MA, Saddik MS, Alshora DH. In 
vitro and in vivo characterization of domperidone-loaded fast 
dissolving buccal films. Saudi pharmaceutical journal. 
2020;28(3):266-73. https://doi.org/10.1016/j.jsps.2020.01.005 
PMid:32194327 PMCid:PMC7078569 

16. Bülbül EÖ, Mesut B, Cevher E, Öztaş E, Özsoy Y. Product transfer 
from lab-scale to pilot-scale of quetiapine fumarate orodispersible 
films using quality by design approach. Journal of Drug Delivery 
Science and Technology. 2019;54:101358. 
https://doi.org/10.1016/j.jddst.2019.101358 

17. Tian Y, Lin J, Jing H, Wang Q, Wu Z, Duan Y. Recent progress in 
orodispersible films-mediated therapeutic applications: A review. 

MedComm-Biomaterials and Applications. 2023;2(2):e34. 
https://doi.org/10.1002/mba2.34 

18. Bajrovic I, Schafer SC, Romanovicz DK, Croyle MA. Novel 
technology for storage and distribution of live vaccines and other 
biological medicines at ambient temperature. Science Advances. 
2020;6(10):eaau4819. https://doi.org/10.1126/sciadv.aau4819 
PMid:32181330 PMCid:PMC7056310 

19. Baral KC, Bajracharya R, Lee SH, Han H-K. Advancements in the 
pharmaceutical applications of probiotics: dosage forms and 
formulation technology. International journal of nanomedicine. 
2021:7535-56. https://doi.org/10.2147/IJN.S337427 
PMid:34795482 PMCid:PMC8594788 

20. Dodoo CC, Stapleton P, Basit AW, Gaisford S. The potential of 
Streptococcus salivarius oral films in the management of dental 
caries: An inkjet printing approach. International Journal of 
Pharmaceutics. 2020;591:119962. 
https://doi.org/10.1016/j.ijpharm.2020.119962 PMid:33049357 

21. Mazzarino L, Borsali R, Lemos-Senna E. Mucoadhesive films 
containing chitosan-coated nanoparticles: A new strategy for 
buccal curcumin release. Journal of pharmaceutical sciences. 
2014;103(11):3764-71. https://doi.org/10.1002/jps.24142 
Mid:25187001 

22. Visser JC, Eugresya G, Hinrichs WL, Tjandrawinata RR, Avanti C, 
Frijlink HW, et al. Development of orodispersible films with 
selected Indonesian medicinal plant extracts. Journal of Herbal 
Medicine. 2017;7:37-46. 
https://doi.org/10.1016/j.hermed.2016.10.002 

23. Van Nguyen K, Dang TK, Pham HT, Nguyen BTT, Vu GTT, Nguyen 
HT, et al. Development of Panax notoginseng saponins-loaded 
orodispersible films: A potential approach to enhance delivery 
efficacy in older adults. Journal of Applied Pharmaceutical Science. 
2022;12(4):044-53. https://doi.org/10.7324/JAPS.2022.120405 

24. Gupta MS, Kumar TP, Gowda DV. Orodispersible Thin Film: A new 
patient-centered innovation. Journal of Drug Delivery Science and 
Technology. 2020;59:101843. 
https://doi.org/10.1016/j.jddst.2020.101843 

25. Nour EM, El-Habashy SE, Shehat MG, Essawy MM, El-Moslemany 
RM, Khalafallah NM. Atorvastatin liposomes in a 3D-printed 
polymer film: a repurposing approach for local treatment of oral 
candidiasis. Drug Delivery and Translational Research. 
2023;13(11):2847-68. https://doi.org/10.1007/s13346-023-
01353-4 PMid:37184748 PMCid:PMC10545585 

26. Sato K, Yoshida K, Takahashi S, Anzai J-i. pH-and sugar-sensitive 
layer-by-layer films and microcapsules for drug delivery. 
Advanced drug delivery reviews. 2011;63(9):809-21. 
https://doi.org/10.1016/j.addr.2011.03.015 PMid:21510988 

27. Muruganantham S, Kandasamy R, Alagarsamy S. Nanoparticle-
loaded oral fast-dissolving film: New realistic approach of 
prospective generation in drug delivery-a review. Critical 
Reviews™ in Therapeutic Drug Carrier Systems. 2021;38(1). 
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.20200340
02 

28. Patel R, Shah D. Nanoparticles loaded sublingual film as an 
effective treatment of chemotherapy induced nausea and 
vomiting. Int J PharmTech Res. 2015;8(10):77-87. 

29. Poovi G, Damodharan N. Lipid nanoparticles: A challenging 
approach for oral delivery of BCS Class-II drugs. Future Journal of 
Pharmaceutical Sciences. 2018;4(2):191-205. 
https://doi.org/10.1016/j.fjps.2018.04.001 

30. Centkowska K, Szadkowska M, Basztura M, Sznitowska M. 
Homogeneity and mechanical properties of orodispersible films 
loaded with pellets. European Journal of Pharmaceutics and 
Biopharmaceutics. 2024;205:114537. 
https://doi.org/10.1016/j.ejpb.2024.114537 PMid:39437982 

31. Chamsai B, Sriamornsak P. Novel disintegrating microcrystalline 
cellulose pellets with improved drug dissolution performance. 
Powder technology. 2013;233:278-85. 
https://doi.org/10.1016/j.powtec.2012.08.019 

https://doi.org/10.1016/j.ejps.2018.06.027
https://doi.org/10.1016/j.ijpharm.2018.11.013
https://doi.org/10.1208/s12249-016-0515-1
https://doi.org/10.1016/j.apsusc.2019.06.220
https://doi.org/10.1016/j.jconrel.2015.03.006
https://doi.org/10.1016/j.ijpharm.2021.120759
https://doi.org/10.1016/j.ijbiomac.2019.06.224
https://doi.org/10.1016/j.foodchem.2019.125599
https://doi.org/10.1016/j.ijpharm.2017.03.018
https://doi.org/10.1016/j.ejpb.2019.09.018
https://doi.org/10.1016/j.xphs.2020.05.022
https://doi.org/10.1016/j.jsps.2020.01.005
https://doi.org/10.1016/j.jddst.2019.101358
https://doi.org/10.1002/mba2.34
https://doi.org/10.1126/sciadv.aau4819
https://doi.org/10.2147/IJN.S337427
https://doi.org/10.1016/j.ijpharm.2020.119962
https://doi.org/10.1002/jps.24142
https://doi.org/10.1016/j.hermed.2016.10.002
https://doi.org/10.7324/JAPS.2022.120405
https://doi.org/10.1016/j.jddst.2020.101843
https://doi.org/10.1007/s13346-023-01353-4
https://doi.org/10.1007/s13346-023-01353-4
https://doi.org/10.1016/j.addr.2011.03.015
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2020034002
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2020034002
https://doi.org/10.1016/j.fjps.2018.04.001
https://doi.org/10.1016/j.ejpb.2024.114537
https://doi.org/10.1016/j.powtec.2012.08.019


Bhaskar et al.                                                                                                                             Journal of Drug Delivery & Therapeutics. 2025; 15(4):150-164 

ISSN: 2250-1177                                                                                           [162]                                                                                            CODEN (USA): JDDTAO 

32. Loftsson T, Jarho P, Másson M, Järvinen T. Cyclodextrins in drug 
delivery. Expert opinion on drug delivery. 2005;2(2):335-51. 
https://doi.org/10.1517/17425247.2.1.335 PMid:16296758 

33. Gharib R, Greige-Gerges H, Fourmentin S, Charcosset C, Auezova L. 
Liposomes incorporating cyclodextrin-drug inclusion complexes: 
Current state of knowledge. Carbohydrate Polymers. 
2015;129:175-86. https://doi.org/10.1016/j.carbpol.2015.04.048 
PMid:26050903 

34. Özakar RS, Özakar E. Current overview of oral thin films. Turkish 
journal of pharmaceutical sciences. 2021;18(1):111. 
https://doi.org/10.4274/tjps.galenos.2020.76390 
PMid:33634686 PMCid:PMC7957312 

35. Jacob S, Boddu SH, Bhandare R, Ahmad SS, Nair AB. Orodispersible 
films: current innovations and emerging trends. Pharmaceutics. 
2023;15(12):2753. 
https://doi.org/10.3390/pharmaceutics15122753 
PMid:38140094 PMCid:PMC10747242 

36. Dixit R, Puthli S. Oral strip technology: Overview and future 
potential. Journal of controlled release. 2009;139(2):94-107. 
https://doi.org/10.1016/j.jconrel.2009.06.014 PMid:19559740 

37. Sheoran R. Fast dissolving oral films: a review with future 
prospects. International Journal of Pharmacy & Pharmaceutical 
Research. 2018;12(2):15-32. 

38. Irfan M, Rabel S, Bukhtar Q, Qadir MI, Jabeen F, Khan A. Orally 
disintegrating films: A modern expansion in drug delivery system. 
Saudi pharmaceutical journal. 2016;24(5):537-46. 
https://doi.org/10.1016/j.jsps.2015.02.024 PMid:27752225 
PMCid:PMC5059831 

39. Kathpalia H, Gupte A. An introduction to fast dissolving oral thin 
film drug delivery systems: a review. Current drug delivery. 
2013;10(6):667-84. 
https://doi.org/10.2174/156720181006131125150249 
PMid:24274635 

40. Bala R, Pawar P, Khanna S, Arora S. Orally dissolving strips: A new 
approach to oral drug delivery system. International journal of 
pharmaceutical investigation. 2013;3(2):67. 
https://doi.org/10.4103/2230-973X.114897 PMid:24015378 
PMCid:PMC3757902 

41. Corniello C. Quick dissolving strips: from concept to 
commercialization. Drug Del Technol. 2006;6(2):68-71. 

42. Singh S, Dixit S, Verma A, Faizan M, Jaiswal N. Fast Dissolving Oral 
Films: A Review. Int J Med Phar Drug Re. 2024;8:2. 

43. Mahboob MBH, Riaz T, Jamshaid M, Bashir I, Zulfiqar S. Oral films: 
A comprehensive review. International Current Pharmaceutical 
Journal. 2016;5(12):111-7. 
https://doi.org/10.3329/icpj.v5i12.30413 

44. Brown GL. Formation of films from polymer dispersions. Journal of 
Polymer science. 1956;22(102):423-34. 
https://doi.org/10.1002/pol.1956.1202210208 

45. Pathare YS, Hastak VS, Bajaj AN. Polymers used for fast 
disintegrating oral films: a review. Polymer. 2013;14:169-78. 

46. Russo E, Selmin F, Baldassari S, Gennari C, Caviglioli G, Cilurzo F, et 
al. A focus on mucoadhesive polymers and their application in 
buccal dosage forms. Journal of drug delivery Science and 
Technology. 2016;32:113-25. 
https://doi.org/10.1016/j.jddst.2015.06.016 

47. Rowe RC, Sheskey P, Quinn M. Handbook of pharmaceutical 
excipients: Libros Digitales-Pharmaceutical Press; 2009. 

48. Caviglioli G, Baldassari S, Cirrincione P, Russo E, Parodi B, Gatti P, 
et al. An innovative matrix controlling drug delivery produced by 
thermal treatment of DC tablets containing polycarbophil and 
ethylcellulose. International Journal of Pharmaceutics. 
2013;458(1):74-82. 
https://doi.org/10.1016/j.ijpharm.2013.10.014 PMid:24144954 

49. Bonacucina G, Martelli S, Palmieri GF. Rheological, mucoadhesive 
and release properties of Carbopol gels in hydrophilic cosolvents. 
International journal of pharmaceutics. 2004;282(1-2):115-30. 
https://doi.org/10.1016/j.ijpharm.2004.06.012 PMid:15336387 

50. Cilurzo F, Minghetti P, Selmin F, Casiraghi A, Montanari L. 
Polymethacrylate salts as new low-swellable mucoadhesive 
materials. Journal of controlled release. 2003;88(1):43-53. 
https://doi.org/10.1016/S0168-3659(02)00459-5 
PMid:12586502 

51. Scott JE, Heatley F. Hyaluronan forms specific stable tertiary 
structures in aqueous solution: a 13C NMR study. Proceedings of 
the National Academy of Sciences. 1999;96(9):4850-5. 
https://doi.org/10.1073/pnas.96.9.4850 PMid:10220382 
PMCid:PMC21780 

52. Sandri G, Rossi S, Ferrari F, Bonferoni MC, Zerrouk N, Caramella C. 
Mucoadhesive and penetration enhancement properties of three 
grades of hyaluronic acid using porcine buccal and vaginal tissue, 
Caco-2 cell lines, and rat jejunum. Journal of pharmacy and 
pharmacology. 2004;56(9):1083-90. 
https://doi.org/10.1211/0022357044085 PMid:15324476 

53. Pritchard K, Lansley AB, Martin GP, Helliwell M, Marriott C, 
Benedetti LM. Evaluation of the bioadhesive properties of 
hyaluronan derivatives: detachment weight and mucociliary 
transport rate studies. International journal of pharmaceutics. 
1996;129(1-2):137-45. https://doi.org/10.1016/0378-
5173(95)04280-6 

54. Hägerström H, Edsman K. Interpretation of mucoadhesive 
properties of polymer gel preparations using a tensile strength 
method. Journal of Pharmacy and Pharmacology. 
2001;53(12):1589-99. 
https://doi.org/10.1211/0022357011778197 PMid:11804389 

55. Ilium L. Chitosan and its use as a pharmaceutical excipient. 
Pharmaceutical research. 1998;15:1326-31. 
https://doi.org/10.1023/A:1011929016601 PMid:9755881 

56. Sogias IA, Williams AC, Khutoryanskiy VV. Why is chitosan 
mucoadhesive? Biomacromolecules. 2008;9(7):1837-42. 
https://doi.org/10.1021/bm800276d PMid:18540644 

57. He P, Davis SS, Illum L. In vitro evaluation of the mucoadhesive 
properties of chitosan microspheres. International journal of 
pharmaceutics. 1998;166(1):75-88. 
https://doi.org/10.1016/S0378-5173(98)00027-1 

58. Salamat-Miller N, Chittchang M, Johnston TP. The use of 
mucoadhesive polymers in buccal drug delivery. Advanced drug 
delivery reviews. 2005;57(11):1666-91. 
https://doi.org/10.1016/j.addr.2005.07.003 PMid:16183164 

59. Parodi B, Russo E, Gatti P, Cafaggi S, Bignardi G. Development and 
in vitro evaluation of buccoadhesive tablets using a new model 
substrate for bioadhesion measures: the eggshell membrane. Drug 
development and industrial pharmacy. 1999;25(3):289-95. 
https://doi.org/10.1081/DDC-100102173 PMid:10071821 

60. Menchicchi B, Fuenzalida J, Hensel A, Swamy M, David L, Rochas C, 
et al. Biophysical analysis of the molecular interactions between 
polysaccharides and mucin. Biomacromolecules. 2015;16(3):924-
35. https://doi.org/10.1021/bm501832y PMid:25630032 

61. Whistler R. Industrial gums: polysaccharides and their derivatives: 
Elsevier; 2012. 

62. Sriamornsak P, Wattanakorn N, Takeuchi H. Study on the 
mucoadhesion mechanism of pectin by atomic force microscopy 
and mucin-particle method. Carbohydrate polymers. 
2010;79(1):54-9. https://doi.org/10.1016/j.carbpol.2009.07.018 

63. Joergensen L, Klösgen B, Simonsen AC, Borch J, Hagesaether E. 
New insights into the mucoadhesion of pectins by AFM roughness 
parameters in combination with SPR. International journal of 
pharmaceutics. 2011;411(1-2):162-8. 
https://doi.org/10.1016/j.ijpharm.2011.04.001 PMid:21501673 

64. Singh RS, Kaur N, Rana V, Kennedy JF. Pullulan: A novel molecule 
for biomedical applications. Carbohydrate Polymers. 
2017;171:102-21. https://doi.org/10.1016/j.carbpol.2017.04.089 
PMid:28578944 

65. Singh RS, Kaur N, Kennedy JF. Pullulan production from agro-
industrial waste and its applications in food industry: A review. 
Carbohydrate polymers. 2019;217:46-57. 
https://doi.org/10.1016/j.carbpol.2019.04.050 PMid:31079684 

https://doi.org/10.1517/17425247.2.1.335
https://doi.org/10.1016/j.carbpol.2015.04.048
https://doi.org/10.4274/tjps.galenos.2020.76390
https://doi.org/10.3390/pharmaceutics15122753
https://doi.org/10.1016/j.jconrel.2009.06.014
https://doi.org/10.1016/j.jsps.2015.02.024
https://doi.org/10.2174/156720181006131125150249
https://doi.org/10.4103/2230-973X.114897
https://doi.org/10.3329/icpj.v5i12.30413
https://doi.org/10.1002/pol.1956.1202210208
https://doi.org/10.1016/j.jddst.2015.06.016
https://doi.org/10.1016/j.ijpharm.2013.10.014
https://doi.org/10.1016/j.ijpharm.2004.06.012
https://doi.org/10.1016/S0168-3659(02)00459-5
https://doi.org/10.1073/pnas.96.9.4850
https://doi.org/10.1211/0022357044085
https://doi.org/10.1016/0378-5173(95)04280-6
https://doi.org/10.1016/0378-5173(95)04280-6
https://doi.org/10.1211/0022357011778197
https://doi.org/10.1023/A:1011929016601
https://doi.org/10.1021/bm800276d
https://doi.org/10.1016/S0378-5173(98)00027-1
https://doi.org/10.1016/j.addr.2005.07.003
https://doi.org/10.1081/DDC-100102173
https://doi.org/10.1021/bm501832y
https://doi.org/10.1016/j.carbpol.2009.07.018
https://doi.org/10.1016/j.ijpharm.2011.04.001
https://doi.org/10.1016/j.carbpol.2017.04.089
https://doi.org/10.1016/j.carbpol.2019.04.050


Bhaskar et al.                                                                                                                             Journal of Drug Delivery & Therapeutics. 2025; 15(4):150-164 

ISSN: 2250-1177                                                                                           [163]                                                                                            CODEN (USA): JDDTAO 

66. Rezaee F, Ganji F. Formulation, characterization, and optimization 
of captopril fast-dissolving oral films. AAPS PharmSciTech. 
2018;19:2203-12. https://doi.org/10.1208/s12249-018-1027-y 
PMid:29728997 

67. Chachlioutaki K, Tzimtzimis EK, Tzetzis D, Chang M-W, Ahmad Z, 
Karavasili C, et al. Electrospun orodispersible films of isoniazid for 
pediatric tuberculosis treatment. Pharmaceutics. 2020;12(5):470. 
https://doi.org/10.3390/pharmaceutics12050470 
PMid:32455717 PMCid:PMC7284807 

68. Pechová V, Gajdziok J, Muselík J, Vetchý D. Development of 
orodispersible films containing benzydamine hydrochloride using 
a modified solvent casting method. AAPS PharmSciTech. 
2018;19:2509-18. https://doi.org/10.1208/s12249-018-1088-y 
PMid:29948980 

69. Nagar P, Chauhan I, Yasir M. Insights into Polymers: Film Formers 
in Mouth Dissolving Films. Drug invention today. 2011;3(12). 

70. Jyothi S, Krishna K, Kusuma D, Shankar CU. Formulation and in-
vitro evaluation of benazepril mouth dissolving films. Indo 
American Journal of Pharmaceutical Sciences. 2018;5(1):552-60. 

71. Vishvakarma P. Design and development of montelukast sodium 
fast dissolving films for better therapeutic efficacy. Journal of the 
Chilean Chemical Society. 2018;63(2):3988-93. 
https://doi.org/10.4067/s0717-97072018000203988 

72. dos Santos Garcia VA, Borges JG, Osiro D, Vanin FM, de Carvalho 
RA. Orally disintegrating films based on gelatin and pregelatinized 
starch: new carriers of active compounds from acerola. Food 
Hydrocolloids. 2020;101:105518. 
https://doi.org/10.1016/j.foodhyd.2019.105518 

73. Bodini RB, Guimarães JdGL, Monaco-Lourenço CA, de Carvalho RA. 
Effect of starch and hydroxypropyl methylcellulose polymers on 
the properties of orally disintegrating films. Journal of Drug 
Delivery Science and Technology. 2019;51:403-10. 
https://doi.org/10.1016/j.jddst.2019.03.028 

74. León-López A, Morales-Peñaloza A, Martínez-Juárez VM, Vargas-
Torres A, Zeugolis DI, Aguirre-Álvarez G. Hydrolyzed collagen-
sources and applications. Molecules. 2019;24(22):4031. 
https://doi.org/10.3390/molecules24224031 PMid:31703345 
PMCid:PMC6891674 

75. Banker GS. Film coating theory and practice. Journal of 
pharmaceutical sciences. 1966;55(1):81-9. 
https://doi.org/10.1002/jps.2600550118 PMid:5918657 

76. Wu C, McGinity JW. Influence of ibuprofen as a solid-state 
plasticizer in Eudragit® RS 30 D on the physicochemical 
properties of coated beads. AAPS PharmSciTech. 2001;2:35-43. 
https://doi.org/10.1208/pt020424 PMid:14727861 
PMCid:PMC2784839 

77. Jantrawut P, Chaiwarit T, Jantanasakulwong K, Brachais CH, 
Chambin O. Effect of plasticizer type on tensile property and in 
vitro indomethacin release of thin films based on low-methoxyl 
pectin. Polymers. 2017;9(7):289. 
https://doi.org/10.3390/polym9070289 PMid:30970971 
PMCid:PMC6432188 

78. Gibson J, Beeley JA. Natural and synthetic saliva: a stimulating 
subject. Biotechnology and Genetic Engineering Reviews. 
1994;12(1):39-62. 
https://doi.org/10.1080/02648725.1994.10647908 
PMid:7727034 

79. Siddiqui M, Garg G, Sharma PK. A short review on "A novel 
approach in oral fast dissolving drug delivery system and their 
patents". Adv Biol Res. 2011;5(6):291-303. 

80. Sharma N, Sharma TK, Chaudhary A, Pandit V, Ashawat M. A 
Detailed Review on Fast Dissolving Niosomal Films for Sublingual 
Drug Delivery. 2022. https://doi.org/10.52711/0975-
4377.2022.00026 

81. Raihan R, Wafa A, Zhakfar AM, CK S. Oral Disintegrating Films: A 
Review. Journal of Natural Science Review. 2024;2(2):60-74. 
https://doi.org/10.62810/jnsr.v2i2.42 

82. Susarla R, Afolabi A, Patel D, Bilgili E, Davé RN. Novel use of 
superdisintegrants as viscosity enhancing agents in biocompatible 

polymer films containing griseofulvin nanoparticles. Powder 
Technology. 2015;285:25-33. 
https://doi.org/10.1016/j.powtec.2015.06.024 

83. Sathish SK, Janakiraman K, Muthumani P. Development and 
Characterization of Fast-Dissolving Tablets to Enhance 
Bioavailability of BCS Class II Drugs by Solid Dispersion Method. 
Current Pharmaceutical Analysis. 2024;20(9):1005-23. 
https://doi.org/10.2174/0115734129341966241023105918 

84. Dingalwar A, Pethe A, Telange D, Telrandhe U. Fabrication and 
Characterisation of Oral Fast-Dissolving Film of Metoprolol 
Succinate. Current Drug Therapy. 2024. 
https://doi.org/10.2174/0115748855329005241015093907 

85. Sengar A, Yadav S, Niranjan S. Formulation and evaluation of 
mouth-dissolving films of propranolol hydrochloride. World 
Journal of Pharmaceutical Research. 2024;13(16):850-61. 

86. Maheshwari S, Singh A, Varshney AP, Sharma A. Advancing oral 
drug delivery: The science of fast dissolving tablets (FDTs). 
Intelligent Pharmacy. 2024. 
https://doi.org/10.1016/j.ipha.2024.01.011 

87. Felton LA, O'Donnell PB, McGinity JW. Mechanical properties of 
polymeric films prepared from aqueous dispersions. Aqueous 
polymeric coatings for pharmaceutical dosage forms: CRC Press; 
2008. p. 125-48. https://doi.org/10.3109/9780849387883-7 

88. Kshirsagar T, Jaiswal N, Chavan G, Zambre K, Ramkrushna S, 
Dinesh D. Formulation & evaluation of fast dissolving oral film. 
World J Pharm Res. 2021;10(9):503-61. 

89. Shah KA, Gao B, Kamal R, Razzaq A, Qi S, Zhu Q-N, et al. 
Development and characterizations of pullulan and maltodextrin-
based oral fast-dissolving films employing a box-behnken 
experimental design. Materials. 2022;15(10):3591. 
https://doi.org/10.3390/ma15103591 PMid:35629620 
PMCid:PMC9146677 

90. Alaei S, Omidi Y, Omidian H. In vitro evaluation of adhesion and 
mechanical properties of oral thin films. European Journal of 
Pharmaceutical Sciences. 2021;166:105965. 
https://doi.org/10.1016/j.ejps.2021.105965 PMid:34375679 

91. Tamer MA, Hammid S, Ahmed B. Formulation and in vitro 
evaluation of bromocriptine mesylate as fast dissolving oral film. 
Int J App Pharm. 2018;10(1):7-20. 
https://doi.org/10.22159/ijap.2018v10i1.22615 

92. KUMAR CC. Design of novel oral films as drug delivery system. 
International Journal of Life Sciences Biotechnology and Pharma 
Sciences. 2018;14(4):1-10. 

93. Speer I, Steiner D, Thabet Y, Breitkreutz J, Kwade A. Comparative 
study on disintegration methods for oral film preparations. 
European Journal of Pharmaceutics and Biopharmaceutics. 
2018;132:50-61. https://doi.org/10.1016/j.ejpb.2018.09.005 
PMid:30201569 

94. Saab M, Mehanna MM. Disintegration time of orally dissolving 
films: Various methodologies and in-vitro/in-vivo correlation. Die 
Pharmazie-An International Journal of Pharmaceutical Sciences. 
2019;74(4):227-30. 

95. Gandhi NV, Deokate UA, Angadi SS. Formulation, optimization and 
evaluation of nanoparticulate oral fast dissolving film dosage form 
of nitrendipine. AAPS PharmSciTech. 2021;22(6):218. 
https://doi.org/10.1208/s12249-021-02100-z PMid:34389913 

96. Chaudhary H, Gauri S, Rathee P, Kumar V. Development and 
optimization of fast dissolving oro-dispersible films of granisetron 
HCl using Box-Behnken statistical design. Bulletin of Faculty of 
Pharmacy, Cairo University. 2013;51(2):193-201. 
https://doi.org/10.1016/j.bfopcu.2013.05.002 

97. Zhou Y, Yan P, Zhao X, Zhang H, Yang Y, Ding J. Development and in 
vitro/in vivo evaluation of taste-masked orodispersible films of 
dapoxetine hydrochloride using ion exchange resins. Drug 
Delivery and Translational Research. 2025:1-12. 
https://doi.org/10.1007/s13346-024-01764-x 

98. Tedesco MP, dos Santos Garcia VA, Borges JG, Osiro D, Vanin FM, 
Yoshida CMP, et al. Production of oral films based on pre-
gelatinized starch, CMC and HPMC for delivery of bioactive 

https://doi.org/10.1208/s12249-018-1027-y
https://doi.org/10.3390/pharmaceutics12050470
https://doi.org/10.1208/s12249-018-1088-y
https://doi.org/10.4067/s0717-97072018000203988
https://doi.org/10.1016/j.foodhyd.2019.105518
https://doi.org/10.1016/j.jddst.2019.03.028
https://doi.org/10.3390/molecules24224031
https://doi.org/10.1002/jps.2600550118
https://doi.org/10.1208/pt020424
https://doi.org/10.3390/polym9070289
https://doi.org/10.1080/02648725.1994.10647908
https://doi.org/10.52711/0975-4377.2022.00026
https://doi.org/10.52711/0975-4377.2022.00026
https://doi.org/10.62810/jnsr.v2i2.42
https://doi.org/10.1016/j.powtec.2015.06.024
https://doi.org/10.2174/0115734129341966241023105918
https://doi.org/10.2174/0115748855329005241015093907
https://doi.org/10.1016/j.ipha.2024.01.011
https://doi.org/10.3109/9780849387883-7
https://doi.org/10.3390/ma15103591
https://doi.org/10.1016/j.ejps.2021.105965
https://doi.org/10.22159/ijap.2018v10i1.22615
https://doi.org/10.1016/j.ejpb.2018.09.005
https://doi.org/10.1208/s12249-021-02100-z
https://doi.org/10.1016/j.bfopcu.2013.05.002
https://doi.org/10.1007/s13346-024-01764-x


Bhaskar et al.                                                                                                                             Journal of Drug Delivery & Therapeutics. 2025; 15(4):150-164 

ISSN: 2250-1177                                                                                           [164]                                                                                            CODEN (USA): JDDTAO 

compounds extract from acerola industrial waste. Industrial Crops 
and Products. 2021;170:113684. 
https://doi.org/10.1016/j.indcrop.2021.113684 

99. Arslan D, Akbal Dağıstan Ö, Sagirli O, Mulazimoglu L, Cevher E, 
Yildiz-Pekoz A. Development and evaluation of combined effect 
buccal films for treatment of oral candidiasis. AAPS PharmSciTech. 
2022;24(1):23. https://doi.org/10.1208/s12249-022-02477-5 
PMid:36539628 

100. Garsuch V, Breitkreutz J. Novel analytical methods for the 
characterization of oral wafers. European Journal of 
Pharmaceutics and Biopharmaceutics. 2009;73(1):195-201. 
https://doi.org/10.1016/j.ejpb.2009.05.010 PMid:19482082 

101. Khurana R, Ahuja A, Khar R. Development and evaluation of 
mucoadhesive films of miconazole nitrate. Indian journal of 
pharmaceutical sciences. 2000;62(6):447-53. 

102. Ibrahim HM, Ahmed TA, Lila AE, Samy AM, Kaseem AA, Nutan MT. 
Mucoadhesive controlled release microcapsules of indomethacin: 
Optimization and stability study. Journal of microencapsulation. 
2010;27(5):377-86. 
https://doi.org/10.3109/02652040903243445 PMid:20690789 

103. BAUSCH W, SQUIER C, editors. SPATIAL RELATIONSHIPS 
BETWEEN FIBROBLASTS AND COLLAGEN IN DENSE REGULAR 
CONNECTIVE-TISSUE. JOURNAL OF DENTAL RESEARCH; 1981: 
AMER ASSOC DENTAL RESEARCH 1619 DUKE ST, ALEXANDRIA, 
VA 22314

 

 

https://doi.org/10.1016/j.indcrop.2021.113684
https://doi.org/10.1208/s12249-022-02477-5
https://doi.org/10.1016/j.ejpb.2009.05.010
https://doi.org/10.3109/02652040903243445

