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Abstract 

Orodispersible films (ODFs) are ultra-thin, stamp-sized, elegant, portable and patient-centric 

pharmaceutical dosage forms that do not need water to be ingested. They are particularly useful 

for paediatric and geriatric patient populations with special needs such as dysphagia, 

Parkinson’s disease, and oral cancer. Accordingly, they hold tremendous potential in gaining 

patient compliance, convenience and pharmacotherapy. In the present review, conception and 

evolution of ODFs as a product and its technology are discussed. The review continues by 

providing overview about the potential of ODFs as carriers for delivering drugs, herbal extracts, 

probiotics and vaccines. Besides, strategies employed in drug cargo loading, taste masking of 

bitter drugs and enhancing drug stability are discussed. Finally, the review concludes by 

providing a brief overview about quality by design (QbD) principles in development of ODFs. 
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1. Introduction  

Deglutition is a three-stage (oral, pharyngeal and oesophageal) complex and extremely 

synchronized physical process of ingesting a solid and/or a liquid [1]. In conditions such as 

presbyphagia [2] and dysphagia patients often face considerable problems to swallow the 

medication [3]. Solid oral dosage formulations such as tablets and capsules are difficult to 

consume by the patient population who have vomiting tendency, bipolar disorder, oral cancer, 

and Parkinson’s disease [4]. To circumvent this difficulty, orally disintegrating tablets (ODTs) 

evolved as an alternative to conventional tablet and capsule formulations. Nonetheless, ODTs 

face technical challenges such as employing strict dehumidification to maintain stability, taste 

masking attempts leading to size increase, ‘candy’ perception leading to overconsumption, 

being brittle in strength, and fear of choking [5]. On the other hand, liquid pharmaceutical 

formulations (syrups, solutions, suspensions and others) are considered as flexible alternatives 

to overcome swallowing problems but they suffer with commonly voiced disadvantages. For 

instance, liquid formulations (such as suspensions) need to be shaken well before 

administration and needs a measuring cup for accurate measurement. Besides, measuring small 

amounts may lead to inaccuracy in measurement and large amount may not help in gaining 

patient compliance [6].           

The aforementioned aspects strongly indicate the need for a better pharmaceutical dosage form 

that help mitigate the problems associated with consuming traditional dosage forms by patient 

groups identified above. One such relatively novel, inventive, useful and patient-centered 

innovation routed in this direction is orodispersible film (ODF), a type of oromucosal 

preparation with reduced disintegration time in the oral cavity compared to ODTs. Unlike 

buccal films (mucoadhesive), ODFs are non-mucoadhesive that rapidly disperse when 

administered to the tongue. They would also show a minor degree of mucoadhesion due to 
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inherent characteristic features (molecular weight or chemical property) of the polymer 

employed in its fabrication [7]. Various official definitions of ODFs are provided in Table 1.    

Table 1: Definition(s) of ODF.  
 

 

Item Terminology 

employed 

Definition  Ref 

European 

Pharmacopoeia (Ph. 

Eur.) 

 

Orodispersible Film 

“Single or multilayered sheets of 

suitable materials, to be placed in the 

mouth where they disperse rapidly.” 

 [8] 

United States 

Pharmacopoeia 

(USP) 

 

Oral Film 

“Thin sheets that are placed in the 

oral cavity. They contain one or 

more layers. A layer might or might 

not contain API.” 

 [9] 

United States Food 

and Drug 

Administration 

(USFDA) 

 

Soluble Film 

“A thin layer or coating that is 

susceptible to being dissolved when 

in contact with a liquid.” 

[10] 

Clinical Data 

Interchange 

Standards 

Consortium (CDISC) 

 

Soluble film dosage 

form (Code C42984) 

“A thin layer or coating which is 

susceptible to being dissolved when 

in contact with a liquid.” 

 

[11] 

 

ODFs when administered to tongue are instantly hydrated to rapidly disperse in oral cavity 

which is swallowed naturally along with saliva to get absorbed into the systemic circulation 

via the gastro-intestinal tract (GIT) (Fig. 1). Most importantly, ODFs do not require the user to 

masticate or consume water as seen with administration of traditional solid dosage forms 

(tablets or capsules).    
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Fig. 1. Schematic representation of orodispersible film (ODF) administration and release (A) Opening packed ODF and 

administering to the tongue without water and instruct the user not to masticate (B) Salivary hydration, disintegration and dissolution 

of ODF (C) Dissolved ODF is naturally swallowed with saliva to reach stomach for systemic absorption from gastro-intestinal tract 

having varied pH.    
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The overall ability and willingness to accept ODFs by the patient population is very important 

in gaining compliance and pharmacotherapy. To ascertain this vital aspect, Orlu et al. carried 

out a survey in infants (6 to 23 months) and children (pre-school – aged between 2 to 5 years) 

and reported a methodology for determining acceptability of ODFs as a medicine. The outcome 

of the study was pretty positive and confirmed the willingness/ acceptability of this patient-

centered and age-appropriate pharmaceutical dosage form in both infants and children [12]. In 

another recent study, Klingmann et al. carried out a randomized controlled trial to determine 

the acceptability, palatability and swallowability of ODFs over syrup formulation in neonates 

and infants. The study results confirmed and concluded that ODFs are a safe and promising 

alternative to oral liquid formulations not only in neonates but also in children of a young age. 

The results also confirmed superior swallowability and palatability of ODFs over syrup 

formulation [13]. In short, ODFs appear to hold a promising potential in patient acceptability 

as a pharmaceutical dosage form. In the present study, the first section of the review begins by 

providing an overview about conception and evolution of ODFs as a product and its 

technology. The second section of the review deals with the potential of ODFs as a carrier to 

deliver drugs, herbal extracts, probiotics and vaccines. Lastly, the review concludes by 

providing a brief overview about quality by design (QbD) principles in development of ODFs. 

2. Conception and evolution   

2.1 ODF as a Product: Oral thin dosage forms were originally conceived in early ‘60s by Dr. 

L.L. Frederick Deadman [14] and underwent slow development till the end of ‘70s [15]. 

Thereafter, they just remained as a concept till 2001. The rise of ODFs began with non 

medicinal products when Pfizer introduced the first ODF as a mouth freshening film, popularly 

called Listerine PocketPaks [16]. Following the initial blockbuster created by Pfizer many 

industries entered the domain of ODFs and introduced various over-the-counter (OTC) and 

prescription drugs that are already approved and marketed. This shift in attention of the industry 
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towards ODFs was probably to prevent the concern of patient compliance and avoid generic 

competition for its approved drug substances. Fig. 2 illustrates evolution of ODFs as a product 

starting from conception and evolution from non medicinal products to OTC and prescription 

products. Prestige brands launched the first medicated ODF comprising benzocaine and 

menthol for sore throat pain and branded them as Chloraseptic Relief Strips [17]. In 2004, 

another major player, Novartis entered the market with two new OTC products (Theraflu and 

Triaminic for cough and cold), which went on to become the best products of the year [18]. 

Subsequently, in 2005, Pfizer re-entered the domain of ODFs with OTC drug phenylephrine 

(Sudafed PE) for nasal decongestion [19]. But, Novartis continued its dominance by 

introducing various other OTC products such as simethicone for abdominal pain or bloating 

and ketoprofen for pain management in 2006 and 2009 respectively [20] [21]. In 2008, C.B. 

Fleet Company introduced herbal ODFs of sennosides for treating constipation [22].  

 Thereafter, for the first time, the markets in 2010 have seen ODFs containing prescription 

products. Reckitt Benckiser received FDA approval for a combination of buprenorphine and 

naloxone film prepared using Monosol’s PharmFilm technology for pain management [23]. In 

addition, Labtec’s patented Rapidfilm drug delivery system comprising of ondansetron was 

explicitly designed to gain patient compliance in general and particularly to gain the same in 

patients who are on chemotherapy as they usually experience intense nausea leading to 

difficulty in consuming traditional solid dosage forms. Besides, ondansetron Rapidfilm was 

offering competitive advantages over its already existing marketed formulations. Over tablets, 

this film formulation was much easier to swallow and water is unnecessary. Much easier to 

handle, store and carry when compared to ODTs. Similarly, vis-a-vis syrups of ondansetron, 

the films were associated with shortened handling time, easier dosing accuracy and no 

strawberry taste in the mouth [24]. Monosol Rx also introduced ODFs of ondansetron and 

branded them as Zuplenz. In a comparative study of Zuplenz with ODTs, Eric Dadey reported 
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that the pharmacokinetic profile of film formulation was found to be bioequivalent to ODTs of 

Zofran (ondansetron). Additionally, the study concluded that the film formulation was portable, 

easy to administer and was dissolving on the tongue in 4 to 20 seconds [25]. In 2013, Labtec 

also introduced zolmitriptan ODFs for migraine [26]. On the other hand, Hexal was first to 

launch films of risperidone in Germany for schizophrenia [27]. To understand the absorption 

mechanism of risperidone ODF, Chen and the research group investigated the ODF route of 

absorption using physiologically based pharmacokinetic modelling. The study involved 

administering risperidone ODFs via both supralingual and sublingual routes to beagle dogs and 

the results confirmed that the absorption was from GIT with negligible absorption via oral 

mucosa [28].   

 Last decade has witnessed mix of both OTC and prescription products. As regards OTC, Velox 

introduced Smartstrips loaded with various nutritional supplements and GlaxoSmithKline 

introduced nicotine ODFs to overcome cigarette craving in 50 seconds  [29] [30]. Similarly, 

Forrester Pharma introduced ODFs of herbal extract Hedera helix for cough and cold in adults 

and children over the age of 2 years [31] [32]. In 2014, Sandoz introduced ODFs of sildenafil 

citrate for erectile dysfunction [33]. It is pertinent to state that Laporete and colleagues carried 

out studies to investigate the bioavailability of sildenafil ODF when administered via 

supralingual and sublingual routes. The study results showed similar pharmacokinetics profile 

for both the routes and also showed good safety profile [34]. Thereafter, Aquestive 

Therapeutics introduced ODFs of clobazam and riluzole for epilepsy and orphan diseases 

respectively [35] [36]. As regards clobazam film (AQST – 120) it was approved by FDA in 

2018 and was found to be bioequivalent when compared with tablets of clobazam [37]. Due to 

its ease of administration the formulation is expected to enhance adherence and minimize 

dosing errors when compared with other dosage forms (tablets and suspensions) [38]. Besides, 

there are various ODF products which are currently under clinical trials [39], discussed under 
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section 7.1 of the manuscript. ODFs of Cannabis chemical constituents (cannabidiol and 

tetrahydrocannabinol) are the recent products that are discussed under section 4, subsection 4.2 

herbal ODFs, 4.2.1 ODFs of Cannabis: Indian hemp.   

 



10 
 

 

Fig. 2. Product evolution from conception to prescription drugs 
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2.2 ODFs Technology: While ODFs as a product was evolving from breathe fresheners to 

prescription products, the patented technological platforms to fabricate ODFs were also 

evolving in parallel. Table 2 provides a list of patented technologies reported by Borges and 

colleagues [40]. The present authors have comprehensively reviewed the patents of Table 2 

and provided the evolution of these technologies (Fig. 3).      

Table 2: List of patented ODF technologies.     

Sl. No. Name of the company Patent Number(s) Technology name  

1 Aquestive Therapeutics US7,357,891 PharmFilm 

2 Hexal Pharmaceuticals WO2007009801 

WO2007009800 

WO2010115724 

 

Melting film or 

Schmelzfilmen 

3 Labtec Gmbh WO2008040534 

WO2009043588 

WO2011124570 

RapidFilm 

4 BioEnvelop (or Paladin Labs) WO2009055923 Thinsol 

5 IntelGenx Technology Corp US20110136815 VersaFilm 

6 Seoul Pharma Co Ltd WO2013129889 SmartFilm 

 

Fig. 3 illustrates patented ODF technologies of different companies identified based on its first 

filing date of the patent application (earliest priority date). In early ‘60s, inventor Dr. L.L. 

Frederick Deadman disclosed fabricating oral films by spraying, coating or dipping the films 

of rice paper or gelatin in a drug solution and were dried to obtain drug loaded films. Besides, 

the early method also briefly discussed casting techniques using film-forming polymers [14].   
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Fig. 3. Evolution of patented ODF technologies
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All the patented technologies illustrated in Fig. 3 are based on solvent-casting method alone. 

For instance, Aquestive Therapeutics (previously Monosol Rx/ Kosmos Pharma) developed a 

platform technology called ‘PharmFilm’ to fabricate ODFs, buccal films and sublingual films.  

More particularly, this technology employs an apparatus (Fig. 4 A) wherein the pre-mix 

(polymers such as polyethylene oxide and hydroxypropyl methyl cellulose + organic solvent + 

other additives) is loaded in to the master feed tank and allowed to enter the mixers using first 

set of metering pumps and control valves. The drug and other ingredients (flavoring agent) are 

added via the mixers and blended for sufficient time to obtain uniform matrix which is fed to 

the pan via the second set of metering pumps. A metering roller help determine the thickness 

of film and the film is formed on a substrate with the aid of supporting rollers. Film drying 

(Fig. 4 B) is carried out by applying heat from the bottom side of the substrate. This technology 

helps obtain films that have good drug uniformity (not more than 10 % variance) and water 

content of less than 10 % [41]. The popular brand Suboxone of Reckitt Benckiser is fabricated 

using PharmFilm technology.  

 

 

 

 

 

 

 

 



14 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. PharmFilm Technology (A) Film forming apparatus (B) Drying equipment [Adapted from US Patent No.: US7357891] 
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Following this, in 2005, Hexal developed various film formulations using cellulose based 

polymers such as hydroxypropyl cellulose, hydroxypropylmethyl cellulose and ethyl cellulose. 

Dibutylsebacate was used as a plasticizing agent. It disclosed formulation of ODFs of 

neuroleptics such as olanzapine and aripiprazole and anti-migraine agent such as naratriptan. 

The casting solution was prepared and maintained at a temperature of 20º C, casted on 

siliconized polyethylene terephthalate and dried at a temperature of 50º C for 45 minutes. Hexal 

has created a small cluster of patents (three patent applications) around this technology.         

Thereafter, in 2006 and 2007, RapidFilm and Thinsol technologies were developed. The prime 

focus in these technologies was on developing a standard casting solution (SCS) that can be 

used for fabricating ODFs of any drug substance. For instance, Labtec’s RapidFilm technology 

involved developing a casting solution comprising of polyvinyl alcohol - starch mixture and 

polyethylene glycol. This technology can be employed to fabricate single or multilayered films. 

Similarly, Thinsol of BioEnvelop had casting solution comprising of enzymatically digested 

carboxy methyl cellulose, emulsifier, plasticizer and suitable solvent.  

Turning now to IntelGenx VersaFilm technology, wherein it focused on employing single or 

multiple crystallization inhibitors (cellulose polymers) that help maintain the drug in a 

molecular dispersion within the polymer matrix. The casting solution was casted on a carrier 

material such as polyethylene-coated Kraft paper and dried at a temperature of 65º C. Lastly, 

the SmartFilm technology of Seoul Pharma aimed at masking the bitter taste of the drug 

substance. It employs sodium hydroxide and magnesium oxide as a taste masking agent in a 

ratio ranging from 1:4 to 4:1. Besides, it also employs a plasticizer composition comprising of 

propylene glycol and polysorbate. It has a drug loading capacity of about 140 mg. Most 

importantly, this technology employs a biodegradable, natural and water-soluble bio-polymer 

obtained and purified from black fungus [42]. Using this technology Seoul Pharmaceuticals 

has successfully launched/ licensed drugs such as sildenafil, tadalafil and donepezil 
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hydrochloride. From the above, it can be inferred that solvent casting method is the most 

preferred and industrially applicable method which is subjected to various improvements 

ranging from developing new film forming apparatus, SCC, taste masking and others to obtain 

good quality ODFs. Based on the authors review no new industrial platform technologies were 

found post 2012 that explicitly deal with fabrication of ODFs per se.  

In the following sub-sections, we discuss some of the popular technologies, employed by the 

researchers across the globe, namely solvent casting, electrospinning, extrusion and printing 

methods that are employed to fabricate ODFs in different settings.  

2.2.1 Solvent Casting Method (SCM): Out of various technologies, the most simple, yet 

popular and straight-forward method employed across the industry to fabricate ODFs is SCM 

[40 - 42]. Generally speaking, SCM includes the steps of preparing a casting solution or 

dispersion of a drug and excipients (film-forming polymer, plasticizer, filler and others) in a 

suitable solvent followed by casting and drying to obtain a film with uniform drug content [43] 

[44]. The step of casting is carried out either by using a petri dish or a flat slab  [45]. For 

instance, one could use plates made of glass [46 - 49] with or without polyester liner [50] or 

polypropylene [51] [52] or acrylic [53] or Teflon® [54] or a non-stick baking tray [55]. 

Alternately, casting can be carried out using film applicators that are automatic [56] with or 

without air-forced oven [57] [58]. ODFs can be produced continuously or non-continuously/ 

as a batch process by SCM method by selecting appropriate drying conditions. Drying 

temperature is critical because high temperatures would create mechanical instability of the 

ODF or the drug substance may degrade. Besides, at higher drying temperatures (> 120º C), 

low boiling point of organic solvents would lead to formation of air bubbles in the center of 

ODFs thereby affecting the uniformity of the drug [59].  

One of the serious limitation of ODFs as a formulation is the low drug loading capacity. 

Accordingly, potent drugs (low dose) are used for fabricating ODFs [43] [60 - 61]. One 
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approach to increase the drug load is simply adding more drug substance to the casting solution. 

But, such an approach would lead to crystallization of the drug substance in the ODF post 

evaporation of the solvent and/or during storage, thereby affecting mechanical strength and 

rate of drug dissolution. If the added drug substance exceeds its solubility, the drug would no 

longer exist in dissolved state. Instead, it will be dispersed leading to ODFs with gritty surface 

which would directly impact gaining end-user acceptability [43] [56] [62 - 64].  

In order to enhance the drug loading capacity, Visser and colleagues proposed ‘double casting’ 

method to fabricate ODFs of enalapril maleate, wherein the casted first layer was allowed to 

completely dry before casting the second layer to prevent ‘mingling’ due to tackiness of the 

first casted film [65]. The SCS (comprising carbomer 97 4P and hypromellose) developed by 

Visser and colleagues in their earlier study [63] was employed in fabricating double layered 

ODFs of enalapril maleate. Enalapril reduced the viscosity of SCS by salting-out effect and 

also by influencing the pH. To circumvent these issues, the authors have fabricated double 

layered ODFs of enalapril maleate using SCS. Besides, they have also investigated employing 

different polymers in casting the double layers and found that not every polymer was suitable 

for double casting. Nonetheless, their study concluded that double layered ODFs of polymer 

combinations such as SCS/hydroxypropyl cellulose and SCS/SCS were ideal to obtain good 

quality ODFs with good mechanical properties and disintegration time [65].  

Turning now towards unit-dose approach to fabricate ODFs, Foo and colleagues employed a 

unit-dose plate (Fig. 5 A) to prepare ODFs in a pharmacy setting by SCM. In this study, the 

authors observed that employing higher drying temperature of 55º – 60º C was leading to 

bubble formation thus affecting film appearance and mechanical properties. This was assumed 

to be caused due to ‘nucleate boiling’, “a phenomenon observed when temperature exceeds the 

vapor saturation temperature corresponding to the local liquid pressure”. Accordingly, Foo and 

colleagues employed moderate drying temperature of 40º C to obtain ODFs with smooth 
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surface and without bubbles [66]. All in all, Foo and colleagues went on to propose a relatively 

novel and generic casting solution comprising 5 % w/w hydroxypropyl methyl cellulose 

(HPMC) and glycerol – 12 % of HPMC for extemporaneous fabrication of ODFs. Fig. 5 

illustrates various casting methods to fabricate ODFs in different settings starting from using a 

unit-dose plate in a pharmacy setting (Fig. 5 A), glass slab method in a laboratory setting (Fig. 

5 B), batch (Fig. 5 C) and continuous process (Fig. 5 D) in industries.
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Fig. 5. Solvent casting method (SCM): (A) Unit dose (UD) plate for casting ODFs – showing bank structure and casting solution; solvent 

evaporation process in a UD plate [66] (B) Solvent casting using glass slab/ slide (C) Non-continuous or batch process [59] (D) Continuous 

process for producing ODFs by SCM [59]. Images reprinted with permission from respective publishers.  
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2.2.2 Electrospinning Method (EM): Yet another method based on usage of solvents is 

‘Electrospinning’, also called ‘electrostatic spinning’. In this method, micro or nanosized non-

woven fibers (varying diameters) of polymer/ drug are formed by jetting the solutions via 

electrically conductive nozzle onto a collecting drum [67]. Fig. 6 A illustrates schematic 

representation of EM, wherein it shows formation of pendant drop surrounded with electric 

charge, Taylor cone, induced electric charges and jetting to obtain nanofibers.    

Ultra-rapidly dissolving ODFs of potassium iodate were fabricated by Rustemkyzy et al. using 

EM. Polyethylene oxide and potassium iodate were dissolved in water and subjected to 

electrospinning to obtain nanofiber film loaded with potassium iodate nanocrystals that showed 

excellent mechanical properties and rapid (< 30 seconds) disintegration and dissolution 

properties. This product was exclusively designed as a low cost iodine supplement formulation 

for paediatrics with swallowing problems [68]. In addition, Li and team fabricated fast-

dissolving ODFs by EM using polyvinyl alcohol (PVA) as a polymer and riboflavin and 

caffeine as model active substances [69]. The prepared films underwent rapid dissolution in a 

burst manner when placed in water. A dissolution time of about 1.5 s was observed for both 

the films and this rapid dissolution was primarily due to the high porosity of the PVA 

nanofibers. Fig. 6 B and C illustrate the SEM images and release profile of both PVA/Caffeine 

and PVA/Riboflavin respectively when compared with casting films. Similar method was also 

employed by Illangakoon et al. to fabricate fast-dissolving ODFs from electrospun 

polyvinylpyrrolidone (PVP) nanofibers using paracetamol and caffeine combination [70]. The 

films were found to disintegrate completely within 0.5 s when tested using simulated saliva. 

The drug cargo was released within 150 s in a dissolution test. A flavoring agent (raspberry 

flavor) was also employed in the formulation to mask the bitter taste and to gain compliance 

of paediatric patient population. Since organic solvents are employed in this method, it is 
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considered as a disadvantage from safety point of view. On the other hand, employing water-

soluble polymers can potentially overcome the safety issues seen, if any, with organic solvents.  

While the above reported methods employ synthetic polymers to fabricate ODFs. We found 

very less number of references that employed natural polymers to fabricate ODFs by EM. For 

instance, Qin and colleagues reported films of chitosan and pullulan composite electrospun 

nanofibers loaded with aspirin [71] and Chachlioutaki and colleagues reported ODFs of 

isoniazid using natural and semi-synthetic polymer blend comprising pullulan, sodium 

caseinate, pectin and hydroxypropyl methylcellulose [72]. In another interesting study, Song 

et al. developed ODFs of poorly water-soluble drug substance, piroxicam, by combining 

micronization process with electrospinning process. In this study, the researchers first 

developed microcrystals of piroxicam by anti-solvent precipitation method using poloxamer as 

a stabilizer. These microcrystals were loaded in ODFs via EM using polyvinyl alcohol and 

polyvinylpyrrolidone as film forming agents. Films obtained by this method showed good 

mechanical properties and in vitro disintegration time of approximately 3 s [73]. Very recently, 

Luraghi and colleagues carried out an excellent review highlighting the principles behind 

electrospinning method and its importance in various drug delivery applications [74]. 

Nonetheless, the review is silent about orodispersible films per se.    
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Fig. 6. Electrospinning method (EM): (A) Schematic representation of EM.  Release profile 

and SEM images of electrospun nanofibers of (B) PVA/Caffeine nanofibers release profile 

(triangles) and casting films (squares) (C) PVA/ Riboflavin nanofibers release profile 

(triangles) and casting films (squares) [69]. Images reprinted with permission from respective 

publishers.  
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2.2.3 Extrusion technology (ET): Hot-Melt Extrusion (HME) is yet another method of 

preparing ODFs, wherein this method eliminates the use of solvents as seen with SCM and EM 

[65]. Generally speaking, this method involves usage of an apparatus (ram based/ single screw 

or twin-screw based) where the drug along with excipients is allowed to melt in a heated barrel 

followed by extrusion through a die [75]. The film thickness is controlled using the die 

dimension and by the rate of rotation and geometry of calendar rollers. Given the high process 

temperature, this method is not preferred as the high temperature has direct impact on polymers 

(especially saccharides) employed in the preparation of ODF [76]. Nonetheless, Pimarande and 

colleagues employed single-screw based HME (110 ºC) to prepare fast dissolving ODFs of 

chlorpheniramine maleate, for allergy, that was disintegrating in 6 to 11 s. The method 

employed starch-based polymers that were plasticized using glycerol. The authors employed a 

degassing port (Fig. 7 A and B) to get rid of the vapor generated in the process and to obtain a 

quality product [77].  On the other hand, Jani and Patel carried out an excellent and extensive 

review about HME as a method to fabricate ODFs. In their review, they have provided insights 

about various industrial extruders (Fig. 7 C), downstream apparatus and excipient selection. 

Most importantly, they identified the general problems faced during fabrication and went on to 

offer remedies to fix the problems. The authors also identified critical quality attributes, quality 

target profile of product, critical process parameters and materials for production of ODFs by 

HME [78]. When compared to other solvent based fabrication techniques, HME offers better 

physicochemical preservation of drug substances that are sensitive to water. Nonetheless, the 

high processing temperature acts as an impediment to employ different drugs under this 

technology.       
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Fig. 7. Extrusion Technology (ET): (A) Hot-Met Extrusion technology showing material input 

from hopper and extrude passing via rollers [77] (B) Exploded view of standard screw 

configuration showing feeding hopper zone, vent zone to remove water vapors and film die 

zone [77] (C) Screw extruder variants (i) single (ii) twin (iii)  co-rotating and (iv) counter-

rotating [78].  Images reprinted with permission from respective publishers. 



25 
 

2.2.4 Printing Technology (PT): Preparing ODFs using printing technology is the most 

modern method [79]. In general, the steps involved in preparing ODFs include preparing drug 

solution or suspension in an ink, selecting the substrate, jetting the drug-containing ink over 

the selected substrate followed by drying to obtain the printed ODF. They can be prepared by 

ink-jet/ thermal ink-jet printing [80] onto a substrate e.g. potato starch paper or edible paper 

[81], sugar-sheet substrate [82], polysaccharide polymer-based substrate(s) with continuous 

jet-printing [83] [84] and edible sugar or rice paper [85] (Fig. 8 A and B). While these 

technologies are commonly referred to as 2D printing technologies, also 3D printing (3DP) 

methods can be used for fabrication of ODFs. The important distinction for the latter 3D 

printing methods to the aforementioned 2D printing technologies is that with 3D printing, it is 

the API-containing ink that is being printed to form the ODF while for 2D printing methods; 

API-containing ink is being deposited onto an existing substrate. Here, 3DP technologies such 

as fused deposition modeling [86] or hot-melt ram extrusion 3DP [87] (Fig. 8 C) or semi-solid 

extrusion 3D printing [88] can be employed to fabricate ODFs. Very recently, Khalid and 

colleagues reported proof-of-concept studies pertinent to printing taste-masked ODFs of 

thermosensitive drug substance, diclofenac sodium, by hot-melt ram extrusion methods [89]. 

In this method, the researchers employed HME with operating temperature of 95 ± 1º C for a 

time period of 10 minutes. The final printed ODFs were found to be stable even when subjected 

to accelerated stability studies. Lastly, our research group has carried out a comprehensive 

review on printing methods for production of orodispersible films. The review provided 

insights about various methods involved in fabricating printed orodispersible films (POFs). 

Most importantly, the review provided insight about patenting trends on POFs using a 

European Patent Office search database, ESPACENET [90].        
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Fig. 8. Printing technology (PT): (A) Inkjet printing or two-dimensional printing on an edible 

substrate [79] showing areas with printed drug [84] (B) Continuous ink-jet printing showing 

various concepts namely symmetric lines, asymmetric lines, central printing dots and 

continuous printing [83] (C) PT in combination with extrusion technology: hot-melt extrusion 

with three dimensional printing [87]. Images reprinted with permission from respective 

publishers.   
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In summary, SCM is the oldest and most traditional method to fabricate ODFs in both 

laboratory and industrial scale settings. EM is also a solvent based technology aimed to obtain 

highly porous nanofibers of drug loaded ODFs with high solubility. As regards the 

acceptability of ODFs fabricated by different methods, Hend and co-authors investigated the 

acceptability of ODFs fabricated by SCM and EM using mouthfeel panel investigation method. 

The study results concluded that ODFs of both SCM and EM had same disintegration profile 

of 30 s. But, ODFs of EM exhibited higher stickiness (a negative attribute) when compared 

with ODFs of SCM [91]. ET, HME in particular is used for fabricating ODFs of thermo stable 

drugs. On the other hand, PTs are gaining popularity as the most modern methods to fabricate 

extemporaneous ODF formulations with an aim to gain individualized pharmacotherapy. PT 

can also be employed in combination with extrusion technology. Accordingly, one can 

carefully select desired single fabrication method or combination of methods for preparing 

ODFs. We now turn towards understanding ODF shapes and its importance.      

3.0 Shapes and its importance 

ODFs are available in varied shapes ranging from squares, rectangles (Fig. 9 A) [92] and long 

strips. Long ODFs of Warfarin Sodium were first fabricated by Niese and colleagues for 

individualization and flexible therapy. The long ODF developed could be coiled up and can be 

used with a cutting device (Fig. 9 B). The film was also found stable over a time period of 

twelve weeks [93]. It appears that square and rectangle shaped ODFs are the easiest and 

cheapest to produce. For effective sub-lingual space utilization, a U-shaped film for drug 

delivery was proposed by LTS Lohmann. They have accurately developed different U-shaped 

ODFs namely, ‘round’ U or ‘square’ U or ‘pointed square’ U, that better utilizes the space 

under the tongue, ‘frenulum linguae’ (“tongue band”) [94]. Fig. 9 C illustrates a schematic 

representation of U – shaped ODFs and machine cut of U – shaped ODFs. It is pertinent to 

mention here about sublingual immunotherapy using ODFs. The John Hopkins University 
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(TJHU) patented ODFs for sublingual immunotherapy for food and other categories of allergies 

[95]. In its patent application, TJHU prepared ODFs using various allergen extracts namely 

peanut, tree nut, food extracts, meat extracts and others. The most preferred extract was peanut 

extract. Therefore, sublingual immunotherapy using ODFs was found to be useful in food 

allergy, particularly in peanut allergy. TJHU in its patent application suggests that any desired 

shape of ODFs can be fabricated and used. In addition, Sapiotec Gmbh in its US patent 

disclosed two different (drug and drug free) oromucosal (orodispersible or melt film) film 

preparations that are joined together (Fig. 9 D) by extrusion and/or by pressing. The drug free 

surface area is used for handling during administration into oral cavity, thereby preventing the 

user from directly holding the drug containing area of the film [96]. 

                                 

 

                           

 

 

 

 

 

 

 

Fig. 9. Shapes of ODF: (A) Different shapes of ODF: oval, circular, square, rectangle, rounded 

rectangle, U – shaped (B) Long ODF of warfarin on commercial tape dispenser [93] (C) 

Different shapes of U-shaped ODF and U-shaped machine cut [94] (D) Green represents active 

ingredient containing area and black represents active ingredient free area. Images reprinted 

with permission from respective publishers [96].   
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4. Formulation considerations 

To formulate ODFs, one needs active substance(s) and excipients such as film forming agent 

(polymer), plasticizer, organoleptic agents (coloring, flavoring and sweetening agents), 

stabilizers, thickeners and saliva stimulating agents. For instance, commonly used polymers 

include hydroxypropyl methyl cellulose, hydroxy propyl cellulose, and carboxymethyl 

cellulose – generally used at a concentration ranging from 5 % w/w to 10 % w/w, but preferably 

5 % w/w. Similarly, some examples for plasticizers include glycerol, sorbitol, polyethylene 

glycol 400, propylene glycol and polyethylene glycol. It is pertinent to state here that some of 

the polymers, for example, Kollicoat® IR and polyethylene oxide possess self-plasticizing 

effect, thereby eliminates the need for an additional plasticizer in the ODF formulation. 

However, in general, they are used at a concentration ranging from 0 to 20 % w/w, but 

preferably between 16 to 20 % w/w of the dry polymer weight. Stabilizers (and thickening) 

agents such as natural gums or cellulosic derivatives are used at a concentration of about 5 % 

w/w and saliva stimulating agents such as citric acid, malic acid, tartaric acid and ascorbic acid 

are used either alone or in combination at a concentration ranging from about 2 to 6 % w/w of 

the strip. Organoleptic agents include sweeteners (glucose, xylose, maltose, fructose or 

maltodextrins) used either alone or in combination at a concentration ranging between 3 to 6% 

w/w. With regard to colorants (titanium dioxide or FD&C approved colorants) they are used at 

a concentration of not more than 1 % w/w. Lastly, flavoring agents (peppermint oil, cinnamon 

oil, raspberry, cherry, cola, pineapple and others) are used at a concentration of about 10 % 

w/w either alone or in combination with one another. The above examples of excipients and 

their concentration ranges were provided and critically reviewed and discussed by Dixit and 

colleagues [44] and also by Borges et al. [60].      

From regulatory point of view, one can employ excipients which are Generally Regarded as 

Safe (GRAS-listed) and approved for usage in oral formulations.  Many have provided various 
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insights about the role of each of the above ingredients that are employed in fabricating ODFs 

[40] [43] [60]. The formulated ODF shall have acceptable size, pleasant to taste and should be 

suitably packed [97].  

As regards the characterization of fabricated ODFs, disintegration test and stability test are 

considered as most vital to determine the quality. Our research group has carried out a 

comprehensive review on characterization of ODFs and also developed a novel and inventive 

disintegration test device that works based on Light Dependent Resistor (LDR) and Light 

Emitting Diode (LED) sensor technology. The apparatus (Fig. 10) helps in accurately 

measuring both the start and end disintegration time of ODF, while the existing methods have 

various limitations exemplified in Table 3 to accurately predict the disintegration time. The 

disintegration test device works based on the principle of photoconductivity. An ODF with 

disintegration time of less than 30 s is considered to be ideal [98]. Turning now to stability test, 

trace amount of moisture in an ODF determines its stability. Moisture content is determined by 

various methods (e.g. Karl Fischer titration). Accordingly, a residual water content of 3 to 6 % 

is considered as acceptable limit [98].     
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Table 3: Limitations of existing methods and advantages of the new disintegration test apparatus using LDR-LED sensors [98] (Reprinted with 

permission from respective publishers) 

 

Sl. No. 

 

Name of the method 

 

Limitations 

Advantages of the new disintegration test 

apparatus using LDR-LED sensor 

1 Petri dish   Lack of well-defined starting and ending 

disintegration time of an ODF.  

 End-point is “until the film is completely 

disintegrated”.  

 Disintegration time is measured manually using a 

timer.  

 The volume of media used in the petri dish method 

and slide frame method would range between 20 to 

25 ml.  

 Helps for accurate determination of starting and 

ending disintegration time of an ODF.  

 Disintegration time is measured automatically 

using the sensing mechanism.   

 The endpoint is recorded clearly and 

automatically when the water or saliva falls on the 

sensor.  

 Less quantity of the media, usually 1 to 2 ml is 

preferred for the test. 

Slide frame  

Drop  

Hollow glass cylinder 

Hydration method 

Slide Frame and Ball 

(SFaB) 

2 

 

Modified USP DT 

 

 Complex set-up and not user friendly. 
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Disintegration Test Unit 

(DTU)  

 A chance of film tearing as one end of the ODF is 

clamped to the sample holder unit and the other end 

to a suitable weight or a brass plate.  

 Electronic end-point detection using brass 

conductors.  

 Test media ranging from about 500 ml to 700 ml 

was used for the study.   

 The apparatus is simple, easy to set-up and use, 

occupies less space and is portable.   

 No chance of film tearing as it is just positioned 

over the watch glass and covering the orifice.    

 Start and end time are recorded using LDR-LED 

sensors.   

 A quantity ranging from about 1 ml to 4 ml of 

artificial saliva or water is sufficient to test the 

disintegration of an ODF.   

PharmaTest (PT) – 

ODF 

3 HEXAL AG 

Disintegration 

Apparatus 

 Disintegration time is measured manually, using a 

stopwatch.    

 Proposes to use sensors (weight change, 

capacitive, acoustic, vibration, electric resistivity 

etc) for detecting the disintegration end time but 

not the start time.  

 The design of the equipment is pretty complex. 

 Eliminates the aspect of using a stopwatch to 

measure the disintegration time.  

 Combination of LDR-LED sensor is used for 

accurately measuring both the start and end 

disintegration time of an ODF.   

 Simple and elegant design.  
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 Transparency of the device facilitates the 

supervision/observation of the test.   
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Fig. 10. Sensor based disintegration test 

apparatus for characterization of ODFs (A) 

Front view (B) LDR-LED sensor (C) Back 

view (D) Perspective view. 

Description of Reference Numeral 
 

Disintegration test device: 100 

Top sensor housing unit: 110 

Light dependent resistor (LDR): 110a  

Light emitting diode (LED): 110b 

First supporting member: 120 

Leg - first supporting member: 120a 

Support to hold watch glass: 120b 

Watch glass: 130  

Orifice on watch glass: 130a 

Hollow support member: 101 

Bottom sensor housing unit: 140 

Light dependent resistor (LDR): 140a  

Light emitting diode (LED): 140b 

Second supporting member: 150 

Leg – second supporting member: 150a 

Timer: 160 

Timer – display panel: 160a  

Timer – body: 160b 

Timer – buttons: 160c  

Solvent outlet: 170 

Orodispersible film: 105  

 Solvent: 500 
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Apart from disintegration and stability, mechanical properties of the ODF are also critical to 

ensure ease in handling by the end-user. The European Pharmacopoeia, states that “In the 

manufacture of orodispersible films, measures are taken to ensure that they possess suitable 

mechanical strength to resist handling without being damaged.” [8]. Besides this short note, 

the European Pharmacopoeia does not provide or prescribe any guidance or tests to be 

performed to predict the mechanical properties of ODF and the same is probably due to the fact 

that ODFs are relatively novel dosage forms. Nevertheless, some of the popular tests carried 

out by the researchers in this domain are tensile strength, puncture strength and tear resistance. 

The ideal tensile attributes of an ODF include tensile strength of > 2 N/mm2, elongation to 

break > 10 % and Young’s modulus of < 550 N/mm2 [98]. Similarly, Foo and colleagues have 

proposed ideal puncture attributes of an ideal ODF formulation as puncture strength of 16 

N/mm2, elongation to puncture is 8 % and energy to puncture as 1.78 N/mm2 [66].  Table 4 

identifies various mechanical tests for an ODF, the methodology involved in the 

characterization and the equations employed in calculating the respective parameters.   
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Table 4: Mechanical characterization – tests, methods and equations [98] (Reprinted with permission from respective publishers).  

 

Mechanical test 
 

Method 

 

Equation 

 

Tensile Strength (TS) Texture analyzer (Instron TA.XT2) with a 5 kg 

load cell is used for this test. The ODF is fixed 

between the clamps and pulled apart (rate 1 mm/s) 

with a force of 0.05N. The force necessary for 

breaking the sample ODF was calculated. 

TS = 
Force at break

Cross−sectional area
 

 

% Elongation (% E) 

%E = 
𝐿−𝐿𝑜

𝐿𝑜
𝑋 100 

L = length at the moment of rupture 

Lo = initial gage length of the specimen 

 

Young’s Modulus 

(YM) 

YM = 
Stress

Strain
 

 

Stress = 
Force

Area
 (N/mm2) 

 

Strain = 
Change in length

Initial length
 (mm) 

Folding Endurance 

(FE) 

This test is performed manually. The ODF of the 

uniform cross-sectional area is folded repeatedly 

until it breaks. FE value is the number of times the 

sample ODF is folded repeatedly without cracking. 

High FE value is a direct indication to establish the 

fact that ODF is indeed associated with higher 

Number of folds is mentioned as the value of 

folding endurance. 
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mechanical strength. The concentration of the 

plasticizer has indirect effect on the FE. 

Puncture strength Texture analyzer (TA.XT plus, Stable 

microsystems) with a 50 N load cell is used to 

perform this test. The ODF is clamped between 

and the 5 mm spherical probe was lowered at a 

speed of 2 mm/s until it touches the surface of 

ODF. Thereafter, the speed is maintained at 1 

mm/s until the film ruptures. The values are 

calculated using the respective equations. 

PS = 
𝐹

𝐴𝑐𝑠
 

F=Load required to puncture the film 

Acs = cross sectional area of the film 

Elongation to puncture 
Elongation to puncture = 

√(𝑅2+ 𝐷2)−𝑅 

𝑅
 𝑋 100 

R is the radius of the film 

D is the displacement of the probe 

Energy to puncture Energy to puncture = 
𝐴𝑈𝐶

𝑉
 

AUC = Area under the load displacement curve 

V = Volume of film 

 

Tear Resistance Value 

(TRV) 

It is nothing but the ultimate resistance to rupture. 

This test is designed to measure the force required 

for initiating the tear. A low loading rate of 51 mm 

(2 in.)/ min was used for the study. The maximum 

force is found at the onset of tearing. 

TRV is expressed in Newtons (or pounds-force). 
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In the following sub-sections of section 4 ODFs of active pharmaceutical ingredients (APIs) or 

drug substance(s), herbal extracts, probiotics and vaccines is provided.  

4.1 ODFs of Active Pharmaceutical Ingredients (APIs): First and foremost, drug solubility 

and permeability stand out as prime rationale in selecting a drug candidate to formulate as an 

ODF. This aspect is further evident from Table 5 that provides list of APIs formulated as ODFs. 

From this table, it is also apparent that, drugs that belong to BCS class II and class III are 

formulated as ODFs. Secondly, solid dosage forms (for instance, tablets) that are subjected to 

splitting or crushing while administering to children were good candidatures to formulate as 

ODFs. The same holds true for veterinary medicines, where human medications are often used 

off-label and correct doses are difficult to obtain especially for small animals [99]. Nonetheless, 

several other factors also need to be considered before deciding on these factors alone. The 

following discussion is based on the aspects disclosed in Table 5.  

Direct incorporation of drugs into the ODF formulation may not help in obtaining an ideal film 

formulation. Instead, they can be engineered first before loading them onto the ODF. For 

instance, water solubility of aripiprazole (BCS II class) needs to be enhanced before 

formulating as ODF. Therefore, the authors employed ball milling as a technique to size reduce 

aripiprazole along with the preferred polymer (polyvinyl alcohol) which resulted in obtaining 

100-fold increase in solubility of the drug than what is seen with the raw drug [100]. Such a 

technique of size reduction also helped the authors to obtain films with smooth surface, reduced 

disintegration time (< 30 s) and enhanced drug release ( > 95 % in < 15 minutes). Besides, this 

technique would also help in preventing the gritty sensation in the oral cavity caused due to the 

insoluble particles of raw aripiprazole ODFs. Nonetheless, the authors have not carried any in 

vivo study to ascertain the aspect of overcoming gritty sensation.  

From Table 5, it is apparent that majority of the drugs used in ODF formulation are small 

molecules that are well-engineered before loading/ formulating as an ODF. Although ODFs 
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are gaining attention in recent times, they do pose challenges in fabrication, especially when 

the drug is bitter to taste, has shorter half-life and high hygroscopicity. These challenges were 

dealt differently by different authors and the same are discussed below.  

Taste plays a pivotal role not only in the development of ODF but also it helps ensure the end-

user acceptability and compliance. For instance, bitter taste of donepezil was successfully 

masked by forming inclusion complex with hydroxypropyl-β-cyclodextrin (HP-β-CD), the 

formed complex was used to formulate an ODF by SCM. The taste-making was possible due 

to stability of the drug- HP-β-CD inclusion complex which was possible due to moderate 

interaction between the drug and complexing agent [101]. When the fabricated ODF was tested 

in rats and compared with solution of donepezil, it was observed that the stability of the 

inclusion complex was moderate in the oral cavity and varied as the dissolved ODF entered the 

stomach. The hydrogen bonding between the drug and HP-β-CD could have broken due to 

stomach’s acidic (Fig. 1 C) environment thereby facilitating drug (donepezil) absorption. On 

the contrary, cyclodextrin absorption occurred in colon as it is metabolized by the colonic 

bacteria. The study results confirmed that the ODFs of drug- HP-β-CD inclusion complex were 

bioequivalent with donepezil solution while taste masking. But, no palatability studies using 

human volunteers were carried by this research group. It was Han et al. who carried palatability 

studies on a similar ODF formulation of donepezil. Han and colleagues developed a relatively 

novel, home-made and optimized ODF formulation of donepezil that successfully masked the 

bitter taste and unpleasant mouth feel. The optimized home-made ODF formulation involved 

combining two solutions in ratio of 1:1. The first solution comprised of hydroxypropylmethyl 

cellulose and hydroxypropyl cellulose (HPC-ELF) in 5:1 ratio, dissolved in water. The second 

solution comprised of drug, sucralose, titanium dioxide and polyethylene glycol in distilled 

water. The blend of the above two solutions in 1:1 ratio was mixed and casted on a polyethylene 

film and dried at a temperature of 60º C for about 4 h. The dried films were subjected for 
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palatability (initial taste, disintegration time, flavor, after taste, and overall acceptability) 

evaluation by volunteers and the results confirmed palatability with low disintegration time 

and higher BI values [102].    

Bitter taste was also masked by other techniques. For instance, Brniak and colleagues prepared 

taste masked microparticles of prednisolone by spray drying technique using Eudragit as a 

polymer. The results from dissolution studies further confirmed the taste-masking efficiency, 

wherein the amount of prednisolone released from microparticles after the first 3 minutes was 

less than 4 %, which is the palatability threshold (for prednisolone) proposed in the study. The 

prepared microparticles were formulated as both ODFs and ODTs. ODFs were fabricated by 

SCM using HPMC as a film-forming polymer and PEG 200 as plasticizer. Post incorporation 

of taste masked microparticles to ODTs and ODFs the release enhanced due to high wettability 

of microparticles dispersed in hydrophilic polymers leading to hampering the taste-masking 

properties. Nonetheless, the fabricated films exhibited excellent mechanical properties and the 

disintegration time was less than 3 minutes [103].  

Similarly, Karaman et al. proposed mesoporous silica nanoparticles (MSNs) as a new carrier 

platform for enhancing dissolution of poorly soluble drugs in ODFs. They employed 

prednisolone as a model drug. The ODFs prepared using MSNs loaded drug exhibited high 

loading efficiency, enhanced mechanical property and reduced disintegration time probably 

due to MSNs acting as a disintegrating agent. Nonetheless, the entire study is silent on taste-

masking efficiency of the proposed technology for prednisolone [104]. A follow-up study that 

used an electronic tongue (Insent® Electronic taste sensing system TS-5000Z) clearly 

distinguished between MSN-formulated prednisolone and pure drug substance in the ODFs, 

suggesting that MSNs could also work as a taste-masking agent [105]. Drug-loaded MSNs 

have also been used to formulate inks for inkjet printing of solvent-casted ODFs as paediatric-

friendly dosage forms [106]. 
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Taste masking with sustained drug release for hygroscopic drugs was attempted by Shang and 

colleagues, wherein the team focused on developing a taste-masked, stable and sustained 

release ODFs of betahistine hydrochloride (drug that is bitter to taste, shorter half-life and 

highly hygroscopic), which is complexed with Ion Exchange Resin (IER). The dissolution 

studies between the ODFs of drug (BH.2HCl ODF) sample and drug-IER complex (IRDC 

ODF) revealed that less amount of drug was released from the complex when compared with 

drug alone ODF (Fig. 11 (i)). The IRDC ODF requires about 30 minutes to release 80 % of the 

drug while the BH.2HCl ODF requires only 4 minutes to release. Additionally, due to the 

complex formation the drug is released in GI tract only and not in the oral cavity where the 

ODF was dissolved, thus avoiding the bitter taste. A particle size of < 150 µm was preferred to 

avoid any gritty sensation in the oral cavity. The slow diffusion of the drug from the surface 

and from within the IER complex is the reason for its sustained release. As regards the 

hygroscopicity of betahistine, it was reduced after complexation with IER and the same was 

evident from weight gain results (decreased after loading to IER) obtained under hygroscopic 

experiment [107]. Therefore, drug complexation with IER helps in achieving sustained release 

ODFs.  

In general, ODFs pose challenges with respect to drug cargo loading and physical stability. In 

order to enhance these aspects for the model drug ibuprofen, Liu and colleagues employed ion-

pair technology. In this method, they employed alkanolamines and alkylamines as counter ions. 

Ibuprofen and organic amine (ethanolamine) complex helped in enhancing the miscibility 

between the drug and the polymer (PVA) which in turn enhanced drug solubility in the polymer 

by 60 % w/w and stability by 30 % than the pure ibuprofen film per se. The molecular 

mechanism was investigated by the authors and found that the amino group and hydroxyl group 

of the counter ions exhibited strong ability to form hydrogen bonding leading to enhance the 
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interaction between the drug and polymer, delaying the onset of sublimation temperature and 

decreasing the polymer mobility [108]. 

For the most part, ODFs production is restricted to immediate release pharmaceutical dosage 

forms alone. The feasibility of fabricating prolonged drug release and yet fast-disintegrating 

ODFs were first attempted by Speer and colleagues. In the first study, they have investigated 

the prolonged release ODFs by loading them with matrix particles (MPs) of theophylline 

fabricated by HME and milling method using Eudragit as a prolonged release polymer. They 

fabricated ODFs loaded with theophylline MPs by SCM using hypromellose as a film-forming 

agent. The results of the study concluded that size of MPs had an impact on mechanical 

properties like puncture strength and elongation to break. Besides, they also impacted the 

disintegration time of the ODFs. Nonetheless, all the fabricated ODFs disintegrated in less than 

180 s. The scanning electron microscopy (SEM) images of ODF revealed that MPs with large 

size were covered by a thin layer of film-forming polymer leading to decreased disintegration 

time while the small sized MPs were covered with thick layer of film-forming polymer leading 

to prolonged disintegration time. Dissolution studies confirm that prolonged release is 

increasing with increase in size of the incorporated MPs (Fig. 11 (ii)). The matrix controlled 

release was found for ODFs loaded with theophylline MPs of size 315 µm. MPs of size up to 

500 µm resulted in ODFs with uniform drug content with desired physical and mechanical 

characteristics.  
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Figure 11: Release profiles (i) Drug release profile of IRDC ODF and BH.2HCl ODF in simulated saliva (A) and simulated gastric fluid (B). 

Reprinted from [107] with permission from respective publisher; (ii) Dissolution profile of (A) Immediate release ODFs of untreated theophylline 

(suspension) and treated theophylline having different sizes of matrix particles (MPs) of (10 % drug load) and (B) Burst effect of ODFs and MPs 

(10 % drug load). Reprinted from [109] with permission from respective publisher; (iii) Dissolution profiles (mean ± sd, n=3) of 50 mg samples 

of Micropellets: (A) micropellets uncoated = 30 mg diclofenac sodium (DS), Micropellets 2.5 = 22.0 mg DS and micropellets 5.0 = 17.4 mg DS 

compared to (B) dissolution profiles (mean ± sd, n=3) of ODF15 micropellets 2.5 (34.1 mg) or ODF15 micropellets 5.0 (43.2 mg). Reprinted from 

[110] with permission from respective publisher; (iv) Dissolution profiles of F2 and F3 ODFs with free melatonin: (A) in simulated salivary fluid; 

(B) in simulated gastric fluid. Reprinted from [111] with permission from respective publisher; (v) Release profiles of melatonin from F6, F7, F8 

and F9 ODFs: (A) in simulated salivary fluid (SSF) (B) changing the composition and pH over 5 h [5 min in SSF+1 h in simulated gastric fluid 

(SGF) + 4 h in simulated intestinal fluid (SIF)]. Reprinted from [111] with permission from respective publisher.    
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To facilitate quick comparison, the authors employed immediate release ODF of untreated theophylline (ODF suspension) which showed 

immediate release (80 % in < 10 min) followed by ODFs loaded with drug micropellets of size < 315 µm with 80 % release in > 120 min. Prolonged 

drug release was seen across all the formulated ODFs with drug micropellets of size 315 µm and above (Fig. 11 (ii) (A)). Accordingly, it can be 

concluded that the degree of prolonged drug release primarily depends on the size of micropellets and with increase in size the drug release is 

prolonged. On the other hand, burst release is seen with ODFs (Fig. 11 (ii) (B)) when compared with micropellets and this is probably due to 

release of theophylline from MPs in contact with aqueous media during its fabrication by SCM method. All in all, Speer and colleagues successfully 

developed a prolonged drug release yet fast-disintegrating ODF [109]. In this study, ODFs with prolonged drug release exhibited challenges vis-

a-vis the form and size of the particles leading to non-uniform distribution of MPs in the fabricated ODF. Additionally, particle size also impacts 

the acceptability as well. Further, the above reported study was not suitable for drugs that are freely soluble in water with short diffusion paths.  

Speer and colleagues in their second study focused on all the above aspects by employing diclofenac sodium as a water-soluble model drug with 

half-life of 2 h to develop its prolonged release ODF. In this study, they used small sized, film-coated micropellets produced by wet extrusion and 

spheronization using Eudragit as a prolonged release agent and Vivapur MCG as pelletizing agent and filler. The micropellets were successfully 

loaded onto ODFs by SCM. All the fabricated ODFs were undergoing disintegration in less than 30 s, which is probably due to reduced adhesion 

strength between film-forming polymer and micropellets when compared to cohesion strength within the film-forming polymer matrix. Drug 

release profile from micropellets and its corresponding ODFs is shown in Fig. 11 (iii). Diclofenac sodium release from uncoated and coated 

micropellets is shown in Fig. 11 (iii) (A)), wherein coated micropellets show prolonged release and increased lag time (micropellets2.5 = 200 min 
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and micropellets5.0 = 240 min) when compared with the uncoated micropellets. Prolonged release increase with increase in amount or thickness of 

the coating material (mean dissolution time for 80 % release: micropellets2.5 = 449 min and micropellets5.0 = 564 min).  

Similarly, Fig. 11 (iii) (B)), shows dissolution profile of ODFs, wherein prolonged release was seen with ODFs loaded with micropellets5.0 with 

mean disintegration time for 80 % release was 370 min. On the contrary, for micropellets2.5 it was 194 min, reduced lag time was seen for ODFs 

and this is probably due to drug release from micropellets during fabrication of ODFs. Accordingly, the authors were successful in fabricating fast-

disintegrating and prolonged release ODFs of freely water-soluble drug [110]. Nonetheless, polymer selection in fabricating micropellets is critical 

as it interacts with plasticizers (glycerine or propylene glycol) used for adjusting the mechanical properties in general and tensile strength in 

particular.  

As an alternative to polymeric microparticles, Musazzi et al. employed solid lipid microparticles to prolong the drug release as they are 

biocompatible with low toxicity when compared with the polymers. Besides, they lack interaction with hydrophilic plasticizers used in fabricating 

ODFs. The authors used melatonin as a model drug and tristearin and hydrogenated castor oil (because of its high melting point) as excipient to 

prepare microparticles. The microparticles prepared using hydrogenated castor oil exhibited superior performance in controlled release of 

melatonin when compared with tristearin based microparticles, which is probably due to the formation of its polymorphic form when it dissolves 

at 55  ۨ  C. Melatonin loaded microparticles were fabricated as ODFs using maltodextrin and glycerine as polymer and plasticizer. The SEM images 

showed uniform distribution of microparticles in the ODF fabricated using maltodextrin. No disintegration test was performed by the authors. 

Dissolution profile of ODFs with free melatonin exhibited rapid dissolution of the drug both in simulated salivary fluid and gastric fluid (Fig. 11 
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(iv)). On the contrary, out of various compositions, the composition of the formulation F6 (melatonin-loaded-microparticles) exhibited prolonged 

release for 5 h (Fig. 11 (v)) thereby enhancing the total sleep time [111].   

Polymorphic forms of drug substances may change post formulating them as ODFs. In one of the study, Woertz et al. fabricated ODFs of 

loperamide hydrochloride (LPH) and for the first time reported different external appearance of polymorphic forms. The polymorphic form I of 

LPH exhibited isometric crystals while the form II exhibited as needle shaped crystals. Nonetheless, the study concluded that the crystals identified 

in the films did not lead to any change in the film properties. Additionally, the study also reported usage of tragacanth to prevent conversion LPH 

polymorphic form I to form II in the presence of hydroxypropyl cellulose as a film-forming agent [55].  

Further, drugs acting on the cardiovascular system, personalized and long ODFs of warfarin are reported in literature. Sjöholm et al. reported 

personalized ODFs of warfarin sodium which were prepared by extrusion 3D printing technology. The films fabricated by this method exhibited 

high disintegration time of 2.19 ± 0.29 min when hydroxypropyl cellulose was used as a polymer [88].  

Furthermore, research towards incorporation of large molecules (proteins / peptides) in ODFs is still in its infancy. For instance, Tian and 

colleagues reported ODFs loaded with proteins (Ovalbumin, Lysozyme and β-galactosidase) using trehalose and pullulan blends by freeze-drying 

and air-drying techniques. The study concluded good uniformity of content. Besides, it concluded that air-dried ODFs offered good mechanical 

properties when compared with freeze-dried ODFs. As regards process stability freeze-drying was favourable over air-drying while the vice versa 

was found favourable for storage stability [112]. 
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Table 5:  Drugs formulated as ODFs – highlights drug name, rationale for its selection, polymer and plasticizer employed, method followed and 

novel aspects reported. 

Drug name   

(technique 

employed before 

used to fabricate 

ODF) 

Rationale provided for 

drug selection 

Polymer(s) Plasticizer(s) Method  Novel aspect reported Ref 

Aripiprazole 

(ball milled Solid 

dispersion) 

Poorly soluble – BCS 

Class II drug 

PVA, Kollicoat Glycerol SCM  Tribological 

measurements on 

ODF were performed 

and reported for the 

first time.    

[100] 

Donepezil 

(cyclodextrin 

inclusion 

complexes) 

 

   Bitter taste 

 

Hypromellose 

(HPMC, 

Methocell E5 

premium) 

 

PEG 400 

Glycerol 

 

 

SCM 

 

 Donepezil is 

successfully 

complexed with 

hydroxypropyl-β-

cyclodextrin for taste 

masking. 

 E-tongue assessment 

confirmed 

improvement in taste 

masking of 

Donepezil. 

[101] 

 

Donepezil 

BCS Class I drug with 

bitter taste 

 

HPMC, HPC 

 

Glycerol 

SCM  Optimized ODF 

formulation of 

Donepezil is an 

[102] 
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effective alternative 

for dosage forms 

available 

commercially.   

Prednisolone 

(microparticles) 

Bitter taste HPMC Glycerol or 

PEG200  

SCM  Drug microparticles 

masked the bitter taste 

of the drug. 

[103] 

Prednisolone 

(mesoporous 

silicananoparticles 

– MSNs) 

 

Poorly soluble drug PVA Glycerol  SCM  MSNs as a highly 

efficient platform in 

fabricating ODFs with 

low solubility and 

dose.    

[104] 

Betahistine HCl 

(drug resin 

complex) 

Bitter taste and shorter 

half-life.  

PVA Glycerol SCM  Stable and prolonged 

release ODFs of 

betahistine HCl 

without bitter taste 

were successfully 

developed and 

reported for the first 

time. 

[107] 

Ibuprofen (ion pair 

technology using 

alkanolamines and 

alkylamines) 

Aim to load high dose of 

Ibuprofen (>100 mg) 

PVP   * SCM  Alkanolamines 

found to be efficient 

when compared to 

alkylamines in 

enhancing drug 

polymer miscibility 

and thereby enhancing 

drug solubility. 

[108] 
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Theophylline 

(matrix particles) 

Model drug Hypromellose  SCM  Reported stable and 

prolonged release yet 

fast dissolving ODFs.  

[109] 

Diclofenac sodium 

(Micropellets) 

Short half life Hypromellose Glycerol SCM  Prolonged-release is 

achieved for 

diclofenac sodium 

ODFs.  

[110] 

Melatonin 

(Solid lipid 

microparticles) 

Extensive firstpass 

metabolism leading to 

formation of inactive 

compound 6-

sulphatoxymelatonin. 

 

Maltodextrin 

Span® 80 with 

Glycerol  

 

SCM 

 Melatonin acts as a 

plasticizer for 

matrices made of 

maltodextrins. 

[111] 

Loperamide 

Hydrochloride 

(LPH) 

Poorly soluble API’s in 

non dissolved crystalline 

form. 

HPMC/HPC Glycerol SCM  The concentration of 

Glycerol is key in 

films of HPC.  

 Tragacanth gum 

could help in 

preventing the 

transition of LPH 

transition from one 

polymorphic form I to 

form II. 

[55] 

 

 

Warfarin 

Aim to prepare – proof-

of-concept ODFs for 

personalized doses so as 

to overcome limitations, 

such as splitting of fixed 

dose tablets.    

HPC  

PVA 

* Extrusion 

(EXT) 3D 

Printing 

 Extrusion 3D 

printing was 

employed to fabricate 

ODFs for personalized 

therapy. 

[88] 
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Proteins: 

Ovalbumin 

Lysozyme 

β galactosidase 

(model proteins) 

Stability and parenteral 

route of administration. 

Pullulan and 

trehalose 

Glycerol  

 

SCM 

Surfactant – 

Tween® 80 

aids in 

disintegration 

of the film. Air 

drying and 

freeze drying 

were 

employed. 

 The first study on the 

stability of proteins in 

ODF. 

[112] 

 

* - means nothing found  

 

ODF: Orodispersible Film; SCM: Solvent Casting Method; PVA: Polyvinyl Alcohol; PVP: Polyvinyl Pyrrolidone; HPC: Hydroxypropyl 

cellulose; HPMC: Hydroxypropylmethyl cellulose; PEG: Polyethylene glycol 

 

Critical materials such as polymer and plasticizers used in the preparation of ODF are also listed in Table 5. HPMC remains as a polymer of choice 

to form films and glycerol as a popular plasticizer. In addition to HPMC, Maltodextrins (MDX) low dextrose equivalents equal to 12, when 

combined with glycerol (16 % w/w to 20 % w/w), would act as a potential film-forming agent [113]. Similarly, MDX when combined with 

polyvinylacetate (PVAc) nanoparticles, nanofiller, at a concentration ranging from 3 % w/w to 5 % w/w helped produce ODFs with enhanced 

tensile strength (1.5 fold) and elastic modulus (4 times) [114]. 
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4.2 Herbal ODFs  

4.2.1 ODFs of Cannabis: Indian hemp 

Cannabis acts slowly when ingested via the oral route. This is because it undergoes first-pass 

metabolism to form a long-lasting metabolite, 11-hydroxy-tetrahydrocannabinol [115]. 

Different dosage forms of Cannabis were proposed to enhance the onset of action/ activity. At 

present, the commercially available dosage forms of cannabidiol (CBD) are oil, (Epidiolex® - 

approved by FDA) and oromucosal spray comprising tetrahydrocannabinol (THC) and CBD 

(Sativex®- approved by FDA) from Cannabis plant extract [116][117] [118]. These known 

dosage forms suffer from one or more disadvantages like cost and inability to administer to 

patients with seizures, vomiting and psychosis. One of the pathways to overcome these 

limitations/disadvantages is by the usage of ODFs. Some of the patented film formulations of 

Cannabis are discussed below:  

IntelGenx’s Corporation’s published US patent application discloses highly disintegrating 

films of cannabis whole plant extract or cannabis oil or extract of cannabis comprising THC 

either alone or as a complex with cyclodextrin, CBD or tetrahydrocannabidiol. The prepared 

films comprise mucoadhesive particles of cannabis actives which are formulated as films [119]. 

Very recently, IntelGenx exported a quantity of 75,000 CBD film strips fabricated using its 

patented VersaFilm fabrication technology to Heritage Cannabis Holdings Corporation [120]. 

Likewise, Concept Matrix Solutions (CMS), a US-based company, filed US patent applications 

on oral dissolvable films of Cannabis plant extract either alone or in combination with Kava 

plant extract. The extracts are rich in CBD, THC and Kavalactones respectively. The challenge 

here was to obtain ODFs of raw botanical extracts having key quality attributes of ‘dry to 

touch’, easy handling, packaging, consumption and varied release profiles, achieved using 

lipids such as ‘Liposomes’ [121] [122]. Another company, Rapid dose therapeutics (a Canadian 

Company) filed an international patent application for single-layered ODF composition 
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comprising dispersed Cannabinoids (that is free of extraneous matter like ‘gum resin’) either 

alone or in combination with other neutraceuticals such as caffeine, curcumin, nicotine, 

melatonin, vitamin B12, iron, protein complexes and organic or inorganic therapeutic salts 

[123]. Yet another company, F6 Pharma Inc, holds patent applications for ODFs of CBD with 

a unit dose of about 100 mg along with excipients like butylated hydroxy toluene (BHT) as a 

preservative, chlorophyll as a colorant and peppermint oil as a flavoring agent [124]. 

Consequently, it is evident that ODFs of Cannabis with other plant extracts or other active 

agents are under extensive research for various therapeutic benefits. 

To combat the challenges associated both with highly individual dose requirements as well as 

misuse of cannabis products, the concept of data-enriched edible pharmaceuticals (DEEP) have 

recently been introduced [125]. Here, smartphone-readable Quick Response (QR) code 

patterns containing lipophilic cannabinoids (cannabidiol, CBD and delta-9-

tetrahydrocannabinol, THC) as ink were printed (Fig. 12) onto porous substrates using a 

desktop inkjet printer. The drug dose could be carefully controlled by the number of layers that 

were printed while also preserving the legibility of the QR code for up to 10 layers. In Figure 

12 D up to five printed layers are displayed. This ‘in-drug labelling’ approach allows for 

simultaneous printing of individual doses and integration of information relevant for 

traceability of the drug product in a single dosage unit, which is of crucial importance for 

controlled substances.   
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Fig. 12. Different quick response (QR) code pattern images of DEEP (A) 2 X 2 cm 

inkjet printed medical cannabis (B) DEEP with cannabis ink (i) without added colorant 

(pale yellow) and (ii) with colorant (C) Side view of DEEP showing thickness of 

printed DEEP (D) photograph of the 2X 2 cm printed DEEP (i) First layer (ii) Second 

layer (iii) Third layer (iv) Fourth layer (v) Fifth layer of cannabinoids printed on a 

porous substrate (freeze dried). Images courtesy of Heidi Öblom (Pharmaceutical 
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Sciences Laboratory, Åbo Akademi University, Finland, and Department of Pharmacy, 

University of Copenhagen, Denmark). 

4.2.2 ODFs of other herbal extracts 

Several other herbal extracts have been formulated as ODFs, and the same are briefly discussed 

below: 

Analgesic and anti-inflammatory chemical constituent ‘Bulleyaconitine A’ present in plants of 

Aconitum species were formulated as ODFs by Yunnan Pharmaceutical Research Institute. 

Bulleyaconitine A is administered in low doses of about 1.2 mg/day and its analgesic potency 

is about 15 to 65 times of morphine. A polymer - polyacrylic acid resin number two was used 

to first form a complex with ‘Bulleyaconitine A’ followed by combining this complex with 

other agents such as sweetening agent, flavoring agent and a saliva stimulant were also 

employed in fabricating the ODFs. Besides, menthol was used to mask the tingling sensation 

and bitter taste of this active constituent [126]. The disintegration time of the ODF was ranging 

from 28 to 60 s for various ODF formulations disclosed in its patent.     

Apart from complexing with polymers, nanotized bio-active herbal extracts were also 

formulated as ODFs. For instance, Jittinan and colleagues fabricated nanotized antibacterial 

mangosteen extract as a fast-dissolving film for management of bad mouth odor. The 

nanoparticles of mangosteen extract combined with mint oil, glycerol and film-forming agent 

pullulan-alginate are combined to fabricate films by SCM. The film formulation offers 

freshness that is long-lasting. The prepared films were found to possess antibacterial effect 

against Streptococcus mutants, S. sanguis and Porphyromonas gingivalis (P. gingivalis) [127]. 

The disclosure is silent on characterization of the films by various instrumental methods of 

analysis. Instead, the authors carried out studies on acceptability of the film and the results 

found to be satisfactory.  
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In another study, Anwar et al. reported oral films of ginger (Zingiber officinale) that are used 

for motion sickness, cough, nausea, anorexia and vomiting. The reported films were prepared 

by solvent casting using HPMC 5 cps as a film forming polymer and the films obtained were 

stable. Out of various formulations formulation F1 showed disintegration time of < 30 s [128].  

Followed by this, Visser et al. reported ODFs of five popular Indonesian dried medicinal plant 

extracts namely Zingiber officinale (ZO), Lagerstroemia speciosa (LS), Pyllanthus niruri 

(PN), Cinnamomum burmanii (CB) and Phaleria macrocarpa (PM). To start with, the ODFs 

of these plant extracts were prepared by solvent casting method using SCS comprising of film-

forming agents HPMC and carbomer 974P, glycerol as a plasticizer and excipients such as 

disodium EDTA, trometamol and water. Disodium EDTA helps in enhancing viscosity while 

trometamol acts a neutralizer. Extracts of ZO, CB and PM in low doses of about 5 mg could 

be fabricated using the SCS having carbomer 947P and HPMC. But with increasing dose of 

the extracts the SCS was required to be adjusted (Table: 6 ). Similarly, extracts of LS and PN 

in high doses of about 30 mg can be fabricated using hydroxypropyl cellulose and not using 

the SCS. The solubility of the extracts was challenging with increase in dose, leading to 

increase in viscosity and therefore it was hard for casting. For some extracts a co-solvent 

ethanol was employed. Here, the authors used benzalkonium chloride as a surfactant (for better 

spreadability) and as a preservative. The prepared ODFs were stable for about 18 months with 

unchanged disintegration properties [129] [130].  
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 Table 6: Optimized composition of the casting solutions for the extracts - Reprinted from [129] with permission from respective publisher.    

Extract HPMC Carb.  

974P* 

HPC Disodium 

 EDTA 

Trome- 

tamol 

Glycerol Benz. 

Cl* 

SiO2* S* F* Ethanol 

(wt % of water) 

LS          Golden  

5   10   2.4   0.04 0.05  

10   10   2.4   0.08 0.1 10 

20   10   4.8   0.16 0.2 30 

30   10   -   0.18 0.25 40 

PN          Golden  

5   10   2.4   0.04 0.05  

10   10   2.4   0.08 0.1 10 

20   10   2.4   0.16 0.2 30 

30   10   4.8   0.2 0.3 30 

CB          Strawberry  

5 9.81 0.45  0.045 0.45 1.2   0.04 0.05 10 

10 9.81 0.45  0.045 0.45 1.2   0.04 0.05 10 

15 9.81 0.45  0.045 0.45 4   0.1 0.13 15 

ZO          Lemon  

5 9.81 0.45  0.045 0.45 1.2 0.1  0.04 0.05 30 

10 9.81 0.45  0.045 0.45 2.4 0.2  0.08 0.1 30 

20 9.81 0.45  0.045 0.45 4.8 0.4  0.16 0.2 30 

25 9.81 0.45  0.045 0.45 4.8 0.5  0.20 0.25 30 

PM          Golden  

5 9.81 0.45  0.045 0.45 1.2   0.04 0.05 30 

10   10   2.4  0.5 0.08 0.1 30 

20   10   4  0.5 0.16 0.2 30 

SC* 9.81 0.45  0.045 0.45 1.2      
*Carb.974P = Carbomer974P, Benz.Cl = Benzalkonium chloride, SiO2=silicon dioxide, S = sucralose, F = flavor,  

   SC = standard casting solution. Water up to 100 gram for all formulations presented.      
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Stability of herbal extracts in the ODF is vital to maintain its quality, safety and efficacy. For 

instance, Pawar et al. reported ODFs of stabilized Garlic (Allium sativum) extract using SCM. 

The issue of stability was fixed by using a composition comprising Vitamin C, zinc sulphate 

monohydrate and elemental selenium at a ratio of 1:5:3.33:0.013. Overall, the optimized 

formulation was disintegrating in 23 s and the ODF was also found to be stable [131].  

Combination of herbal extracts formulated as ODFs were reported by Rajnish et al. They have 

developed ODFs of Piper betel in combination with Fennel (Foeniculum officinalis) were 

fabricated using SCM. They also reported that HPMC as excellent film-forming polymer and 

sodium starch glycolate as a super disintegrant. The best-reported film formulation was found 

to have 45 seconds as the disintegration time [132]. Similarly, Macular Health, a US-based 

company, developed ODFs comprising a source of zinc as microcapsules, lutein and/or 

zeaxanthin either individually or in combination to inhibit the progression of macular 

degeneration. It is an eye disease that causes loss of vision and is prevalent in individuals over 

65 years of age who also suffer with dysphagia. Therefore, administering supplements in tablet/ 

capsule dosage forms causes swallowing problems. The film developed by Macular Health 

rapidly dissolves in oral cavity and is naturally swallowed along with saliva by the subjects. 

The fabricated films could be cut into different shapes including but not limited to oval, round, 

square or rectangle. The source of zinc is in the form of zinc oxide or zinc citrate or zinc acetate 

and is usually microencapsulated to prevent its metallic taste [133]. Lastly, Wrigley Jr. 

Company reported a pullulan-free edible film composition comprising Magnolia bark extract 

with a suitable polymer for oral cleansing and breath freshening benefits optionally along with 

various agents such as oral cleansing or breath freshening compounds or vitamins or minerals 

alone or in combination [134]. These products are projected for usage when an individual is 

travelling and do not have access to devices (tongue cleaner, tooth brush) and compositions 
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(gargle/ dental floss) for oral care. From the above, it is evident that research in the domain of 

herbal ODFs is still evolving and more research is warranted in this field.    

4.3 ODFs of Microorganisms  

ODFs do not just help in delivering drugs and herbal extracts. They even help in delivering 

microorganisms that improve the health of human beings. ODFs that have been reported for 

delivering probiotics and vaccines are discussed below. 

4.3.1 ODFs for delivering Probiotics: The term ‘Probiotics’ means “for life”, in this context it 

refers to live microorganisms, bacteria, that are beneficial to the human body. The most 

commonly used probiotic bacteria are Lactobacillus and Enterococcus, both belong to the 

genus Bifidobacterium [135]. At present, probiotics are delivered via food [136] or in a capsule 

[137] to protect them from gastric pH (Fig. 1 C). For the effect in oral cavity, it appears that 

probiotics act by modifying the oral microenvironment, wherein it changes the oral pH (Fig. 1 

C) and redox potential thereby acting as an impediment for the establishment of pathogens 

[138] [139]. Based on our review, it appears that Heinemann et al. were the first to report ODFs 

of probiotics Lactobacillus acidophilus or Bifidobacterium animalis encapsulated in a polymer 

matrix comprising carboxymethyl cellulose, gelatine and starch with a potential to release 

probiotics in the oral cavity. The prepared formulation of probiotics was found to have good 

stability and viability of microorganisms when stored for three months [140]. Followed by this, 

Shyamali et al. reported more stable and viable (for > 150 days) film formulations of 

Lactobacillus fermentum, an anti-inflammatory probiotic for prevention of oral candidiasis, 

prepared using carboxymethyl cellulose as a film former [141]. An Indian company, Jubeln 

life sciences (presently Bon Ayu Lifesciences), filed a patent application for the film 

composition of probiotic containing Lactobacillus acidophilus. The method employed to 

prepare the ODF was a twin-screw hot melt extrusion method using a film-forming 

combination of maltodextrin and HPC at a ratio ranging from 1:1 to 3:1 [142].  
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4.3.2 ODFs for delivering Vaccines: Vaccines are biological preparations that help in gaining 

immunity to fight over infectious diseases [143]. Vaccination via oral route is non-invasive and 

user friendly (self-administration) route of administration.  

TJHU developed quick-dissolving single layered oral thin film formulation to deliver rotavirus 

vaccine fabricated by double emulsion solvent evaporation method, wherein the rotavirus is 

microencapsulated in pH-sensitive microparticles. Additionally, it also disclosed bi-layered 

rotavirus vaccine in combination with antacid, magnesium oxide fabricated using 

electrospinning method [144][145]. All the films were mucoadhesive in nature as they 

employed polymers such as chitosan, alginates, gelatin, collagen or polyethylene oxide and 

others to aid in salivary hydration and dissolution of the film. Followed by TJHU, an individual 

inventor by name Brian Pulliam disclosed oral thin films of a rotavirus vaccine in combination 

with nanoparticles of antacid, milk of magnesia (magnesium hydroxide) or aluminium 

hydroxide. The purpose of antacid was to aid in digestion and also for proper dosing of effective 

levels of rotavirus vaccine [146]. The films were fabricated by SCM using polyethylene glycol 

as a film-forming agent, hydroxypropyl cellulose as a binding agent and sucrose as sweetening 

agent. ODFs of Gonorrhea microparticulate vaccine were reported by Nasir Uddin from Larkin 

University and the films were fabricated by SCM [147].  

Maintaining stability of ODFs loaded with vaccine is vital in maintaining the quality and the 

intended effect in subjects in need thereof. To overcome the problem of stability of vaccine in 

a film formulation, Tian et al. proposed usage of trehalose and pullulan combination to 

maintain the antigenicity of ‘whole inactivated influenza virus vaccine (WIV). The vaccine 

component is loaded on to the prepared films by simple pipetting technique followed by air or 

vacuum drying. Most importantly, in addition to the trehalose and pullulan combination, the 

film former, hypromellose, also contributed towards the stability of the vaccine in the film 

[148]. It appears that, National Institute of Health, USA has issued a grant to Aridis 
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Pharmaceuticals on ‘Stable vaccines delivered on oral thin films’ and are actively involved in 

creating and protecting its inventions [149]. All these aspects suggest that ODFs could be 

potential drug delivery systems to deliver vaccines. Nonetheless, the viability of employing 

ODFs as carriers for vaccine delivery is still in its infancy and more research is warranted in 

this domain as well.    

5. Quality by Design (QbD) principles in development of ODF  

Pharmaceutical Quality by Design (QbD) is a systematic approach towards product 

development. As per ICH guidelines it is defined as a systematic approach to development that 

begins with predefined objectives and emphasizes product and process understanding and 

process control, based on sound science and quality risk management. Generally speaking, it 

begins by defining quality target product profile (QTPP) and critical quality attributes (CQAs) 

for the product in question, followed by assessing the risk as per ICH Q9 to know critical 

material attributes and critical process parameters (CMAs and CPPs respectively), designing 

of experiments (DoEs) to identify design space, establishing control strategy with continuous 

improvement and innovation in the entire life cycle of the product [150].  

Accordingly, based on the ICH Q8 guidelines it can be deduced that the first and foremost step 

for QbD of an ODF starts by defining the quality target product profile (QTPP) – which is 

nothing but a prospective summary of ideally achievable quality characteristics of ODFs that 

are safe and efficacious. This prospective summary is generated based on the voice of both 

internal (formulator, manufacturer, quality control/assurance and regulatory functions in a 

pharmaceutical company) and external customers (physician, pharmacist and patient). Fig. 13 

illustrates a general pictorial representation of voice of customers that defines QTPP for ODFs 

along with customer types and their expectations.  
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Fig. 13. Voice of customers – to define QTPP for ODFs. 

 

After successfully defining the QTPP, the second step is to define/ know the critical quality 

attributes (CQAs). Basically, CQAs of an ODF include physical, chemical, biological or 

microbiological characteristics that must be within the acceptable limits/ range or distribution 

to ensure the desired quality in the final product. QTPP for ODFs is provided as an example in 

Table 7, which identifies the QTPP element along with the expected target profile. CQAs for 

an ODF are majorly associated with active pharmaceutical ingredient, polymers, plasticizers, 

solvent, co-solvent, preservatives and other organoleptic agents employed in fabricating an 

ODF.  
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Table 7: QTPP and CQAs for a conventional ODF (example). 

Sl. No. QTPP Element Target CQAs Justification 

1 Dosage form Orodispersible film (ODF)  - - 

2 Dosage design Prolonged release or Immediate 

release 

- - 

3 Route of administration Oral - Oral administration helps avoid systemic side effects 

4 Dosage strength % w/w  - Low dose (for potent drugs) – ideal to fabricate ODFs 

5 Drug product quality 

attributes 

Appearance  - Note: No official compendia limit and therefore must 

match with applicable reference standard and/or 

literature reported values.  

Dimension – should be of acceptable size to be placed in 

the oral cavity.  

Peel adhesion – smooth removal of film from the slab or 

support is required. 

Assay – to ensure drug dose and its availability for the 

intended therapeutic effect.  

Disintegration - rapid disintegration helps gain patient 

compliance. Failure in rapid disintegration leads to 

spitting or choking.  

Dissolution - helps in understanding the drug release 

profile to show the intended therapeutic effect.  

Dimensions Yes 

Peel adhesion Yes 

Assay Yes 

Disintegration time Yes 

Dissolution profile Yes 

Uniformity of content Yes 

Water content Yes 

Tensile strength Yes 

Microbial load Yes 
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Uniformity of content - helps in ensuring consistency of 

performance in ODF.  

Water content – helps in determining stability and 

microbial attack.  

Tensile strength – to facilitate holding/ handling of ODF 

for administration.  

Microbial load – helps in ensuring safety and stability. 

6 Primary packaging Must be compatible  

 

Yes Aluminium sachet, plastic box – to protect from 

moisture, microbial attack and light. 

7 Pharmacokinetics 

(ADME) 

Must be bio-equivalent   

Yes 

Cmax: 

Tmax: 

AUC: 

Plasma protein binding: 

Volume of distribution: 

Major metabolite: 

Elimination half life: 

8 Ease of storage and 

distribution 

Must be stable and portable Yes Shall be stable and portable.  

9 Stability and shelf life Must have good shelf-life Yes Stable against microorganisms, light and atmospheric 

moisture.   
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10 Patient acceptance and 

compliance 

Help gain acceptance, 

compliance and thereby 

pharmacotherapy 

Yes  Taste masked to gain acceptance.  

 Helpful for patients with dysphagia.  

 Do not chew the ODF.  

 Do not SPIT the ODF.  

 No need of water to consume and hence can be 

consumed on the go. 

Directly administered to tongue and undergoes rapid 

disintegration. 

 



66 
 

Generally speaking, CQAs are determined based on the quality attributes identified under the 

prospective summary derived from the voice of the customers. It begins by initially performing 

the impact analysis about changing/ bringing in variation in product/ process parameters. Based 

on the significant results obtained under the impact analysis, further studies are carried out to 

determine patient safety. If the changed parameter significantly causes harm to the patient then 

the quality attribute in question is considered to be critical quality attribute.  

The high-risk variables that would impact the CQAs of ODF need to be assessed. The 

assessment would help in determining which process parameters and material attributes are 

critical and suggest a further investigation of those aspects to ensure quality. The authors have 

generated a risk estimation matrix (REM) (Fig. 14) to evaluate risk associated with each of the 

material attribute and processing parameter vis-a-vis the CQAs of ODF. In other words, Fig. 

14 provides a generalized risk matrix analysis of material attributes and process parameters 

with respect to CQAs of ODFs.       
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Fig. 14: Generalized Risk Estimation Matrix (REM) for ODF: Low: parameter with low risk; Medium: parameter with medium risk;   

                             High: parameter with high risk, PSD: Particle size distribution. 
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5.1 Case studies: Application of QbD within the domain of ODFs: Development of ODFs is 

associated with various challenges. Application of the QbD principles help eliminate them as 

it provides a systematic understanding about the link between critical process parameters 

(CPPs) and critical material attributes (CMAs) with the CQAs of the product. Before the 

pharmaceutical development, QTPP needs to be defined as per ICH Q8 (R2) guidelines. For 

instance, Thabet and colleagues provided Ishikawa diagram (Fig. 15) as per these guidelines 

for development of an ODF from laboratory-scale to continuous manufacturing process [59]. 

The study concluded that transfer of ODF fabrication process from lab-scale to continuous 

industrial scale production involves viscosity and drying temperature as CPPs. These 

parameters need to be carefully selected depending on the product in question. Improper 

selection of these parameters would lead to mechanical instability in films and also bubble 

formation in the films, especially when high drying temperatures (> 120º C) are employed.        

 

 

 

 

 

 

 

 

 

 

 

Fig. 15.  Ishikawa diagram – formulation development of an orodispersible film [Adapted from 

reference [59]]  
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CQAs need to be well defined at the beginning of the product development based on the end 

product profile in mind. For instance, Visser et al. defined and quantified CQAs, namely 

mechanical properties and disintegration time, at the beginning of its study with the target 

product in mind for the extemporaneous preparation of ODFs [130]. They have identified 

parameters such as percentage of the polymer; plasticizer and drying time were considered as 

CPPs and its effect on CQAs using response surface methodology. The study concluded that 

percentage of glycerol employed to fabricate ODFs have direct impact on tensile strength and 

Young’s modulus. Similarly, the percentage of polymer (hypromellose) would have effect on 

the disintegration time of ODFs. The drying temperature would influence the elongation at 

break. Overall, it offered a design space within which the process parameters can oscillate to 

obtain quality ODF.    

As regards CMAs, Krull et al. have extensively studied various aspects of the polymer on 

delivery of drugs from ODFs. Particularly, they studied the impact of polymers on delivery of 

drugs with poor or low water-solubility [151], a polymer as a promising and progressive 

platform for delivery of nanoparticles of BCS class II drugs [152] and polymer films of pullulan 

for delivery of drug nanoparticles of BCS class II drugs [153]. In addition, Krull et al. has 

extensively studied the impact of CMAs first with respect to plasticizer and its concentration, 

wherein they investigated three plasticizers namely glycerol, triacetin and PEG-400 along with 

nanoparticles of poorly soluble Griseofulvin as a model drug. This study concluded that the 

concentration of plasticizer plays a critical role in maintaining the mechanical properties of the 

nanotized drug with less or no impact on the release rate of the drug from ODF [154]. Following 

this, using the same nanotized Griseofulvin model drug they studied the impact of molecular 

weight and concentration of the polymer, HPMC, on mechanical properties and drug 

dissolution from the ODF. The study results suggested that polymer is an excellent platform 

for delivery of drugs with low solubility and by adjusting the molecular weight of the polymer 
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one can control the release profile of the drug with low impact on the mechanical property of 

the film [155]. Further, Krull et al., also studied about loading of drug nanoparticle on ODF 

and the results of the study confirmed that drug loading concentration of ‘50 wt% and 73 wt%’ 

were successfully prepared using HPMC. However, ODF with drug loading of ‘40 wt% to 50 

wt%’ were brittle in nature. In short, this study confirmed that high drug loading of poorly 

water-soluble drugs would impact the mechanical properties of the film [156]. Nonetheless, all 

these studies dealt with the usage of drug nanoparticles to prepare ODFs by mixing, casting 

and drying.        

Turning now to end-user acceptability, the critical acceptability attributes, here Scarpa et al. 

developed an in vitro and in vivo methodology for identification of tackiness (stickiness) and 

disintegration time of an ODF. Tackiness is determined by dynamic method analysis and 

texture analysis methods, while disintegration time was measured using the petri dish and drop 

methods [157]. Silva et al. reported CPPs involved in preparing ODFs by solvent casting 

method. The process parameters like temperature, room temperature (RT) and % relative 

humidity (RH) play important role in obtaining ODFs with acceptable mechanical properties 

with desired percentage water content (residual) and drug release profile. The authors identified 

that a drying temperature of 600C, % RH ranging from 30 to 58 % and room temperature 20 - 

250C are crucial for obtaining ODFs with good drug release even after 5 months of storage 

[158].  

Therefore, considering all the above attributes during the development of an ODF would 

eventually help in obtaining the final product that helps in obtaining Patient-Centric 

Pharmaceutical Product (PCPP), as defined by Stegemann et al., “The process of identifying 

the comprehensive needs of individuals or the target patient population and utilizing the 

identified needs to design pharmaceutical drug products that provide the best overall benefit 



71 
 

to risk profile for that target patient population over the intended duration of treatment” [159], 

that has the potential to gain patient compliance, convenience and pharmacotherapy.  

Additionally, the above quality attributes also plays a pivotal role in developing ODFs to meet 

the requirement of special populations [157] [158]. By definition, special populations include 

pregnant women (obstetrics), children (pediatrics), women, elderly (geriatrics) and subjects 

with concurrent disease states [160]. One of the key requirements to be met in special 

populations is the tailored dose of the medication [159] [161] [162]. In this regard, Scarpa and 

colleagues have published an excellent review that highlights the strengths, weaknesses, 

opportunities and threats associated with inkjet printing of ODFs in a pharmacy setting for 

special populations [163]. In addition, the aspect of tailored drug dosing to special populations 

has been suggested by the regulatory agencies of developed nations in the form of 

recommendations/ guidance documents to the industry. Therefore, ODFs when combined with 

suitable technology can potentially alleviate the traditional dose tailoring methods such as 

splitting the tablets, opening the contents of capsules and mixing the powders with liquids.  

6.0 Stability of ODFs  

The amount of water content that is present in the ODF is very critical as it plays a pivotal role 

in deciding the stability, a key quality attribute [60]. The presence of high water content can 

make the film more sticky or tacky and may even encourage the growth of microorganisms 

[59]. For instance, Suboxone® film comprising naloxone undergoes oxidation very quickly 

when compared with its tablet dosage form. Its limited shelf life is 12 months when stored at a 

reduced temperature of 250 C instead of 300 C [164]. On the contrary, low water content could 

lead to a loss in film plasticizing effect [43] [165].  

In addition, drug crystallization in ODF may directly impact its biopharmaceutical properties. 

Hence, drug in the ODF shall remain in the amorphous state all the time without getting 

crystallized [166]. Stability studies on ODF can be performed as per ICH guidelines Q1AR2 – 
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‘stability testing of new drug substances and products’ or A1C – ‘stability testing for new 

dosage forms’ [167] [168]. Visser and colleagues developed a stable ODF of lysozyme using 

trehalose and pullulan polymer blends. Similarly, they have also developed β-galactosidase 

ODF, which had less storage stability when compared to that of the ODF of lysozyme [112]. 

One can employ different characterization methods to assess various quality parameters during 

the stability studies of an ODF. Due to stability issues, ODF must be carefully packed and 

stored so as to prevent the effect of moisture or atmospheric oxygen and sunlight on it.   

6.1 Packaging: 

ODFs are sensitive to moisture and accordingly they need exceptional packaging that offers 

protection from moisture, light and also help maintain the mechanical properties. For instance, 

industrially fabricated vitamin D3 films were subjected to primary and secondary packaging. 

Primary packaging is the first-level packaging that is actually holding the ODF (peel pouch 

sachet) and the secondary packaging (folding cartons) refers to second-level packaging that is 

holding the primary packaging [169]. Fig. 16 illustrates different packaging options to pack 

ODFs. Dixit and Puthli mentioned about various packaging options ranging from usage of 

aluminium foils, lidding foils (for tamper proof packaging) dispenser with multiple unit 

dispensing option and multi-unit blisters [44]. Generally speaking in a laboratory setting ODFs 

are packed in aluminium sachets. For instance, Prajapati and colleagues fabricated pullulan 

based zolmitriptan films by SCM and packed them tightly in aluminium sachet of 3 X 3 cm2 

for stability studies at a temperature of 40º C ± 2º C/ 75 ± 5 % RH. The 6 month stability studies 

concluded that the appearance, surface pH, disintegration time and drug content are not 

significantly different from the initial batches. Accordingly, the study concluded that packaging 

zolmitriptan film prepared using pullulan polymer is stable when packed in tightly closed 

aluminium sachets [170]. Labtec GmbH patented a package system that is of the size of a credit 

card having three films (individually removable) on each side of the card [171].    



73 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Packaging of ODFs  

7.0 Patents and clinical trials 

Patents are techno-legal documents and are a type of intellectual property right. They are 

territorial in nature. For instance, a patent right granted in one country is enforceable only in 

that particular country and not in another country. Accordingly, the patent applicant has to file 

in each country where they intend to commercialize and enforce the patents. Many patent 

applicants enter different parts of the world via the popular route of international patent 

applications under the patent cooperation treaty (PCT). Anna Filipa and colleagues have 

published a review on oral thin films within which the intellectual property aspects was also 

highlighted. This review is very broad covering all types of oral films (orodispersible, 

sublingual and buccal films) [40]. Similarly, Gijare and colleagues published a review on ODFs 

in which they focused on discussing only the polymer, polymer blends in fabrication of ODFs. 

However, it was silent on platform technologies per se that were employed by the industries to 

fabricate ODFs [172]. Recently, our group has also provided an Indian patent perspective on 

ODFs, wherein we have focused on highlighting the active players/ companies in India who 
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are focused on researching in the domain of ODFs and patent applications filed/ granted in 

India. In addition, we have also highlighted the aspect about international (under the PCT) 

patenting of inventions by Indian companies [173].  Regarding our present review on patent 

literature, we carried out a simple key word search at both USPTO and ESPACENT databases 

using search fields ‘Title/Abstract’, and the results obtained are tabulated in Table 8.   
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Table 8: Patents on orodispersible films.  

  Sl. No. Country Code Publication No./ Patent No. Title Name of the applicant 

1 US US10335443  

 

Orodispersible film Hexal AG 

2 WO WO2016052781 Orodispersible film formulation containing entecavir Sunsystems Co ltd 

3 WO WO2015101639 Orodispersible film Hexal AG 

4 KR KR20160139704 Formulation for orodispersible film comprising aripirazole and 

method of preparing the same 

CMG pharmaceutical Co. Ltd 

5 WO WO2014076117 Orodispersible film compositions Hexal AG  

6 WO WO2015016727  

 

Oral dispersible films Bluepharma Ind  

Farmacutica SA  

7 TW TW201302248 Stable orodispersible film formulation Chabio & Diostech Co Ltd 

8 KR KR20120100683 Stable orodispersible film formulation Chabio & Diostech Co Ltd  

9 RU RU2736822 Structured orodispersible films LTS Lohmann  

10 KR KR101571670 

 

Formulation for orodispersible film comprising aripirazole Chabio & Diostech  

Co ltd  

11 EP EP2886103 Pharmaceutical orodispersible film comprising buprenorphine 

particles with a particular size 

Hexal AG 

12 KR KR101547238  

 

Formulation for orodispersible film comprising rosuvastatin CMG Pharmaceutical Co Ltd  
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13 US US2020360461 Orodispersible film composition comprising enalapril for the 

treatment of hypertension in a pediatric population 

Pharmathen SA Pallini Attikis   

 

14 US US2017165315 Orodispersible film composition comprising enalapril for the 

treatment of hypertension in a pediatric population 

Pharmathen SA  

15 US US2017143623 Orodispersible films having quick dissolution times for 

therapeutic and food use 

PharmaFilm SRL  

16 KR KR20200069611 orodispersible films using fermented extract of Sparassis Crispa Agricultural Company Corp 

Smart F&B Co Ltd 

17 WO WO2015053227 Intraoral disintegrating tablet Fujifilm Corp  

18 CA CA2886086  

 

Orodispersible films having quick dissolution times for 

therapeutic and food use 

PharmaFilm SRL  

19 WO WO2019198105 Composition of active ingredient loaded edible ink and methods 

of making suitable substrates for active ingredient printing on 

orodispersible films 

Zim laboratories ltd  

20 WO WO2012013792 A transmucosal composition containing anthocyanins for 

alleviating a visual discomfort 

Hadj-slimane reda and others 

 

21 US US2013115174 Transmucosal composition containing anthocyanins for 

alleviating a visual discomfort 

Hadj-slimane reda and others  

 

22 WO WO2017144636 High bioavailability oromucosal pharmaceutical preparations 

based on cyclodextrin and sucralose 

Altergon SA  

23 WO WO2009113703  
 

Orally-disintegrating solid preparation Kurasawa Takashi   

and others 
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24 KR KR20210080038 Orodispersible film which enhances the body absorption rate of 

red ginseng and masks the unpleasant taste of red ginseng and its 

manufacturing method 

CTC Bio Inc   

DAE young P&C Co Ltd  

25 EP EP1653936A2 Solid dispersible and/or orodispersible non-filmy containing at 

least one type of active substance pharmaceutical composition 

and method for the preparation thereof 

Pharminnovation and 

Sarl Galenix innovations  

26 WO WO2017052403 Preparing a tablet with a mechanism for enhancing the 

therapeutic effectiveness of a drug using a nano-dose of microrna 

Zazulia Anatoly and others  

27 WO WO2017078557 Preparing a tablet with a mechanism for enhancing the 

therapeutic effectiveness of a drug using a nano-dose of an 

analogue 

Zazulia Anatoly and others   

28 WO WO03007917 Pharmaceutical formulation comprising a proton pump inhibitor 

and antacids 

AstraZeneca AB   

 

29 US US10,335,443 Orodispersible film Hexal AG 

30 US US9,603,935 Oral dispersible films Bluepharma 

31 US US20200360461 orodispersible film composition comprising enalapril for the 

treatment of hypertension in a pediatric population 

Pharmathen SA Pallini Attikis 

Greece  

34 US US20170182105 Orodispersible film Hexal AG 

35 US US20170165315 Orodispersible film composition comprising enalapril for the 

treatment of hypertension in a pediatric population 

Pharmathen SA 

36 IN IN202141008435 A device for determining disintegration time of a pharmaceutical 

thin film 

JSS Academy of Higher 

Education and Research 

37 IN IN202041012621 Taste masked and rapidly disintegrating ultra thin iron 

orodispersible film and a process thereof  

 

Aavishkar Oral Strips Pvt. Ltd.  

 

Note: US: United States; EP: Europe; KR: Korea; RU: Russia; IN: India; TW: Taiwan; CA: Canada; WO: International patent application under patent co-

operation treaty (PCT); TW: Taiwan; KR: Korea 
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7.1 Clinical Trials  

Furthermore, as per Table 9, a number of ODFs have been arrived in different phases of clinical trials. Very recently Cross Research S.A along 

with its collaborator Zambon SpA has initiated bioequivalence studies of riluzole orodispersible films versus its marketed tablet formulations [39].  

 

Table 9: Clinical trials (recruiting, ongoing, completed, terminated and withdrawn)  
 

Item 

 

Study sponsor 

 

Condition or disease 

 

Therapeutic Agent 

 

Phase 

 

Status 
 

NCT Identifier 
 

Study 1 

 

Cross Research S.A. 

 

Bioequivalence 
 

Riluzole 
 

I 
Active, not 

recruiting 

 

NCT04819438 
 

Study 2 

 

Laboratories Genèvrier 
 

Erectile dysfunction 

 

Sildenafil 
Not 

provided 

 

Completed 
 

NCT04114240 

 

Study 3 

 

Pfizer’s Upjohn 

 

Healthy 

 

Sildenafil citrate 

 

I 

Withdrawn 

(transferred to  

Viatris) 

 

NCT04391868 

 

Study 4 
CMG Pharmaceutical 

Co. Ltd. 

 

Schizophrenia 

 

Aripiprazole 
 

I 

 

Completed 

 

NCT02501109 

 

Study 5 

 

Indivior Inc 

 

Opioid-related disorders 
Buprenorphine and 

buprenorphine/naloxone 

 

II 

 

Completed 

 

NCT00637000 

 

Study 6 

 

AstraZeneca 
Safety and bioequivalent 

studies 

 

Anastrozole 

 

I 

 

Completed 

 

NCT01568281 

 

Study 7 

 

Aquestive Therapeutics 
Healthy participants  

Ondansetron 

 

I 

 

Completed 

 

NCT01220167 

 

Study 8 

 

Aquestive Therapeutics 

Amyotrophic lateral 

sclerosis 

 

Riluzole 

 

II 

Terminated 

(study no longer 

required) 

 

NCT03679975 

 

Study 9 

 

Aquestive Therapeutics 

Amyotrophic lateral 

sclerosis 

 

Riluzole 

 

II 

Withdrawn 

(study stopped 

due to change in 

its plan) 

 

NCT03457753 
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8. Conclusions 

In summary, ODFs are a relatively novel, flexible and patient-centric pharmaceutical dosage 

form in the domain of personalized medicines with specific characteristics (Figure 17). They 

have huge potential in gaining patient compliance in populations with special needs, as they 

are portable and do not need water to be swallowed/ consumed. ODFs are administered on top 

of the tongue and immediately release the active pharmaceutical ingredient, which is either 

swallowed along with saliva or penetrate via the buccal mucosa in presence of permeation 

enhancers thus leading to enhanced bioavailability.  They are one of the ideal alternatives to 

subjects with needle phobia in general, special patient populations and pediatrics in particular. 

In addition, ODFs can be directly administered to the tongue and thus eliminates the need of 

any application device (tweezers) as seen with oromucosal films. In patients with special needs, 

(unable to self-administer) the caregiver can directly administer to the patients tongue.  Many  

fabrication methods can be adopted for production of ODFs, out of which solvent casting 

method is the most popular and industrially acceptable method. Hot-melt extrusion method is 

also utilized but one needs to be careful in using this method with heat sensitive drugs. Modern 

printing techniques such as inkjet printing and additive manufacturing/ three dimensional 

printing (3DP) techniques could be employed in fabricating ODFs in a pharmacy setting under 

suitable regulatory guidance (which is lacking at present). Adopting printing techniques allows 

for even broader fabrication prospects of personalized dosage forms. One of the prime 

remaining challenges of ODF-based dosage forms is the dose of the drug. One way to enhance 

drug loading is by enhancing surface area and/or thickness of the film or by preparing multiple 

layers. However, such a formulation may suffer from higher disintegration time and eventually 

fail in gaining patient compliance. Nonetheless, ODFs are ideal for administering potent drugs 

(low dose)  e.g. for the treatment of cardiovascular and central nervous system disorders. 

Moreover, present research in the domain of ODFs looks promising and progressive to achieve 
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products of high quality with low or no impact on stability, higher drug loading and high impact 

on gaining patient compliance. 

 

Fig. 17. Summary and general characteristics of ODFs as outlined in this review. 
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