
 

 

 University of Groningen

Orodispersible films as pharmacy preparations
Visser, Johanna Carolina

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Visser, J. C. (2017). Orodispersible films as pharmacy preparations: Let’s get flexible. [Thesis fully internal
(DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/2c0fbc7a-59e6-440a-a731-4e1bba58039c


 

 

Chapter 8 

 

 

 

 

 

 

 

 

 

 

Summary, concluding remarks 

and perspectives 

  



 

 

 

 



Chapter 8 
201 

Summary 

Specific patient groups, such as children and elderly, may receive medicines that are not 

designed to their special needs (chapter 2). A drug formulation or dosage strength suitable 

for them is not commercially available and the dose of available products often has to be 

adapted. Tablets may be crushed or cut into halves, capsules may be opened and the 

content mixed with some liquid or food, or the content of ampoules for injection may be 

mixed with some liquid to make them drinkable. The differences in pharmacokinetic and 

pharmacodynamics parameters between normal adults and these patient groups are 

thereby neglected. Such adaptation of a dosage form may lead to inaccurate dosing, an 

altered absorption and to products with an unacceptable taste. This will negatively influence 

the quality of the therapy, the patient acceptance and patient compliance. 

If commercial products are unsuitable or unavailable, pharmacy preparations are a good 

alternative. Besides, a clear trend is seen towards personalized medication, tailor-made 

combination therapies and orphan drug based interventions which justify the need for small 

scale preparations (1). Pharmacy preparations include extemporaneous preparations made 

for an individual patient or for a small patient population which are supplied and used 

immediately after preparation, as well as stock preparations which are made in advance and 

stored until requested. Pharmacy preparations can be made by modification or manipulation 

of commercially available licensed dosage forms, either prepared prior to use or prepared 

from raw materials. 

 

The oral route is the most common and also the preferred route of drug administration. In 

pediatrics, a liquid is the most widely used dosage form because of the advantage of dose 

flexibility combined with a lower risk on chocking, as opposed to larger solid oral dosage 

forms.  

For many drugs commonly used in pediatrics, such as antiepileptic drugs (phenytoin, 

phenobarbital), diuretics (hydrochlorothiazide, furosemide and spironolactone), calcium 

channel antagonists (nifedipine, amlodipine) and ACE inhibitors (enalapril), no suitable liquid 

formulation is commercially available. For these drugs, oral liquids have been developed as 

extemporaneous pharmacy preparations. However, taste and stability issues as well as 

solubility difficulties hamper the acceptability of some liquids. Besides, the current 

formulations may go hand in hand with a relatively high volume intake (especially in 
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neonates, babies). This is unfavourable or even undesired in patients who are volume 

restricted. 

In view of the definition for pharmacy preparations and the clinical need for a suitable oral 

dosage form, orodispersible films (ODFs) may fill up the niche and gain place in the 

therapeutic arsenal. 

An ideal ODF is thin, flexible and easy to administer. ODFs consist of film forming agents 

combined with other necessary excipients such as plasticiser, taste-maskers and solvent (and 

of course the API). ODFs are relatively easy to prepare. This can also be done in a community 

pharmacy or hospital setting on a small scale. ODFs can be cut into separate smaller pieces 

and hence create ample dose flexibility combined with dose accuracy. This may suit an 

individual approach, especially for patients having difficulties in swallowing tablets or large 

amounts of fluids, who are non-cooperative, are prone to spitting out drugs or suffer from 

disease requiring restricted fluid intake.  

In the Netherlands, the Royal Dutch Pharmacist Association (KNMP), the professional 

organization for pharmacists, has developed a formulary with standardized formulations for 

smaller-scale pharmacy preparations for which no licensed alternative is available. All 

standardized preparations have been thoroughly validated and yield high quality and 

reproducible products (2). Up to now, there are no standard formulations for the 

preparation of ODFs available in the Dutch or in any other national formulary outside the 

Netherlands. 

 

In this thesis the possibility to develop a standard formulation for the casting solution that 

can serve as a starting point for developing ODFs for various active pharmaceutical 

ingredients (APIs) is explored (chapter 3). 

Different film forming agents were tested for their suitability, namely: hydroxypropyl 

cellulose (HPC); sodium carboxymethyl cellulose (sodium CMC); and the combination 

hypromellose (HPMC) and carbomer 974P. As excipients glycerol, disodium edetate, 

trometamol, ethanol and water were used. 

For the preparation of the ODFs the solvent casting method was applied. This method is 

relatively easily performed on a small scale and there is no need for very expensive and 

sophisticated equipment. All excipients (for example film forming agents and plasticizer) and 

the API were dissolved in water or a combination of water and ethanol. The solution was 
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subsequently cast with a casting height between 500 – 2000 µm on a release liner and dried 

to obtain a film. 

The ODFs prepared with the combination of HPMC and carbomer 974P and the excipients 

glycerol, disodium edetate and trometamol, cast with a casting height of 1000 µm, yielded 

good quality ODFs. 

This casting solution was used to prepare ODFs containing water-soluble APIs (enalapril 

maleate and prednisolone disodium phosphate) and a poorly water-soluble API (diazepam) 

for which ethanol was used as co-solvent. With this casting solution ODFs of good quality 

could be prepared on small scale. However, the water-soluble APIs as well as ethanol 

influenced the viscosity of the casting solution, mechanical properties and disintegration 

time of the ODFs. For example, enalapril maleate displayed a dose-dependent negative 

influence on the viscosity. With increasing dose of enalapril the casting solution became 

watery, lost viscosity and became unsuitable for casting. In case of an unacceptable drop in 

viscosity the casting solutions needed to be adjusted by adding more film forming agents.  

 

In chapter 4 the quality by design (QbD) approach was applied using Design-Expert® 

software for optimizing the formulation of the standard casting solution as presented in 

chapter 3. 

The QbD approach is a systematic approach to optimize pharmaceutical preparations and to 

improve the control over and the quality of a production process. It consistently yields a 

product with desired characteristics and built in quality. The preferred tool for strategic drug 

development is the establishment of a quality target product profile (QTTP). A QTTP starts 

with defining the critical quality attributes (CQA) for the final product, in this case an ODF. If 

we consider an ideal ODF to be flexible, easy to administer, easy to handle and physically 

stable, these characteristics could be translated into a high tensile strength, high elongation 

at break and a low Young’s modulus. In this study the CQA were translated into mechanical 

properties and the disintegration time, all measurable parameters. The next step was to 

identify the critical process parameters (CPP) which influence the CQA. As CPP the 

percentage of film forming agent (hypromellose) and the percentage of plasticizer (glycerol) 

as well as the drying time were chosen. By combining the CQA and the CPP a design space 

could be created. As long as the process variables remain within the design space, a product 

will be obtained that meets the quality requirements. 
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QbD appeared to be a useful approach for the rational design of extemporaneously 

produced ODFs. The chosen model helped to visualize the different effects of the CPP on the 

CQA of ODFs. The main factor influencing tensile strength and Young’s modulus appeared to 

be the percentage of glycerol. An increase of the percentage glycerol caused the ODFs to 

become stickier which resulted in an unfavourable decrease of tensile strength but in a 

favourable low Young’s modulus. Elongation at break was mainly influenced by the drying 

temperature. Disintegration time was found to be sensitive to the percentage of 

hypromellose. From the results a so-called design space was created. The standard casting 

solution as developed in chapter 3 for plain ODFs to which APIs can be added was adjusted 

accordingly. The newly developed casting solution had a slightly higher percentage of HMPC 

and a somewhat reduced percentage of glycerol as compared to the original standard 

casting solution used as starting point for this study. 

 

In chapter 5 the dose dependent influence of enalapril on the viscosity of the standard 

casting solution as found in chapter 3 was studied in detail. The effect of enalapril was 

evaluated on solutions containing either HPMC or carbomer 974P. The dose dependent 

reduction of the viscosity was caused by an influence on the pH (which impairs gel formation 

in carbomer-based casting solutions) or caused by a salting-out effect in HPMC-based casting 

solutions. 

This phenomenon appeared to be a serious problem in the preparation of enalapril 

containing ODFs when using the solvent casting method. For that reason two alternative 

preparation methods for ODFs were investigated to increase the drug load and by which the 

viscosity problems could be circumvented. 

First, the applicability of an increased casting height from 1000 µm to 2000 µm was 

investigated. Doubling of the casting height did, however, not lead to a doubling of the drug 

load.  

Second, the feasibility of a bilayered ODF was investigated. Research on bilayered or multi-

layer films so far focuses solely on the buccal films and not on ODFs. For ODFs a bilayered 

film can be used to promote the ease of preparation, also extemporaneously, and to 

increase the drug load. The technique used for the preparation of a bilayered film was the 

double-casting method. The double-casting method yielded good quality bilayered ODFs. 

The drug load of enalapril could be doubled from 1 mg to 2 mg with a bilayered ODF 
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containing two layers of the standard casting solution, without encountering viscosity 

problems associated with increased enalapril load, while maintaining the essential quality 

attributes.  

In this framework the compatibility between the film forming agents hydroxypropyl cellulose 

(HPC), sodium alginate (SA), hydroxyethyl cellulose (HEC) and the combination HPMC – 

carbomer 974P (standard casting solution, SCS) was investigated. The bilayered films 

contained two layers of the same film forming polymer or two layers containing different 

film forming polymers. The sequence in which the polymer layers were cast affected the 

appearance of the ODFs. The different combinations yielded ODFs with cracks (SA), 

unpredictably displayed holes (HPC), the second layer did not attach to the first layer (SA) or 

the mouthfeel was less favourable in terms of stickiness (SA). Combinations which were 

compatible (SCS/SCS, SCS/HPC, on the precondition that the HPC layer did not display holes) 

yielded good quality ODFs. 

 

In chapter 6 dried extract of five selected Indonesian medicinal plants: Lagerstroemia 

speciosa (L.) Pers. (LS), Phyllanthus niruri L. (PN), Cinnamomum burmanii Blume (CB), 

Zingiber officinale Roscoe (ZO) and Phaleria macrocarpa (Scheff.) Boerl. (PM) were 

incorporated into ODFs.  

The extracts used in this study were selected based on their popularity in Indonesia. In 

Indonesia traditional herbal medicine, also known as jamu, is broadly used to treat and to 

prevent diseases. LS is commonly used to improve the metabolism of the body and to treat 

diseases like diabetes mellitus type 2 and obesity. PN has a long tradition in jamu as an herb 

against hepatitis infection. CB has an anti-inflammatory and antibacterial activity. It is 

traditionally used to treat gastrointestinal tract disorders. Several varieties of ZO are used as 

spices, as dietary supplements or as herbal medicine to prevent nausea and vomiting in 

motion sickness. PM is used to treat premenstrual syndrome and dysmenorrhea. 

Suitable formulas for solvent casting were developed to produce extract containing films 

with either the standard casting solution as optimized in chapter 4 or a casting solution with 

hydroxypropyl cellulose (HPC) as the film forming agent.  

Each extract and dose in a formulation rendered different ODF characteristics. Extracts of ZO 

and CB and a low dose of PM extract (5 mg) could be formulated into an ODF using the 

standard casting solution. For extracts of LS, PN and high doses of PM extract HPC was most 
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the suitable film forming agent. For each extract a different maximum load in a film was 

found, up to maximum 30 mg for extracts of LS and PN. There was one important limitation 

in the incorporation of extracts in ODFs: the maximum extract load was limited and was 

different for each individual extract. However, good products were obtained with 5 mg and 

10 mg of each extract. 

The unpleasant (mainly bitter taste) of the herbal extracts was successfully masked by the 

addition of sucralose and flavouring agent. All ODFs had an acceptable surface pH, showed 

short disintegration time, complied with the requirements of the uniformity of mass and 

possessed good handling properties. Analytical profiling with thin layer chromatography 

yielded similar patterns for the original extracts and the ODFs prepared thereof, indicating 

that the ODFs can be used for the same indication as the extracts themselves. 

 

In chapter 7 a literature review is given on problem solving in the pharmaceutical 

development of oromucosal films (mucoadhesive buccal films (MBFs) and orodispersible 

films (ODFs)) for small scale as well as for industrial production. Technological issues such as 

viscosity of the casting solution, mechanical properties of the film, upscaling and the stability 

of the casting solution and produced films are discussed.  

Further, the problems regarding patient acceptance (appearance, mucosal irritation, taste 

and drug load), safety of excipients, handling properties and biopharmaceutics are 

addressed. 

The main problems reported in literature in connection to the formulations of ODFs and 

elaborated in this chapter are: 

 The viscosity of the casting solution is the key factor for producing suitable films. On the 

one hand, solutions with too low viscosity are difficult to cast and yield films that do not 

meet uniformity of content requirements. Solutions with too high viscosity on the other 

hand are difficult to handle due to entrapment of air bubbles. The viscosity is dependent 

on the amount and type of polymer, API and further excipients used.  

 For optimal patient compliance an acceptable taste and palatability are desirable. Safe 

and inert excipients should be used and appropriate packaging should be provided to the 

produced films. To prevent drug abuse it is important not to make oromucosal films too 

attractive in terms of taste and appearance.  
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 As any variation of an acceptability parameter will lead to a change of the characteristics 

of the formulation, an in-depth knowledge on the relation between the physico-chemical 

and physiological behaviour of the film and patient acceptance and perception is 

required to predict outcome parameters and to produce tolerable oromucosal films. In 

all cases the right balance has to be found, not only regarding the acceptance 

parameters, but also regarding mechanical behaviour, dissolution, disintegration and 

stability. 

 Absorption through the oral mucosa varies for each active compound, formulation and 

patient, which gives rise to pharmacokinetic questions. 
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Concluding remarks 

 

 ODFs are a suitable (and for the future promising) flexible dosage form for specific 

patient groups. 

 When oromucosal films (MBFs and ODFs) are used, different routes of drug absorption 

may be involved: after ingestion (or swallowing) via the gastrointestinal route, through 

the mucosa (systemic effect) or local drug release and action. 

 The standard formulation for the casting solution as developed by us can serve as a 

starting point for developing ODFs for different APIs on a small scale. 

 There are important hurdles that should be overcome in the further development of 

ODFs:  

o The viscosity of the casting solution is a key factor for producing suitable films. 

o Each single excipient may influence the casting solution and the stability of the 

API, which boils down to the conclusion: ‘less is better’. 

o For each casting height applied the amount of API needs to be calculated, 

adapted accordingly and the adapted casting solutions need to be validated when 

using the solvent casting method. This will impair the general use of ODFs as a 

platform technology. 

o For quick manufacturing of ODFs on a small scale and for microbiological stability 

a short drying time is preferred. 

o Only potent APIs (given in low doses) can be used which limits the suitability of 

ODFs as dosage form. 
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Perspectives 

 

More research is definitely needed regarding manufacturing, bioavailability and patient 

acceptance of ODFs. 

 The possibility of hydrophobic polymers can be explored as to their suitability in ODF 

production. ODFs prepared with hydrophilic polymers have a high affinity for water. 

Water uptake will influence physical, chemical and microbiological stability of ODFs 

whereas water loss leads to brittle films. This hurdle may probably be circumvented by 

the use of hydrophobic polymers. The downside of the use of hydrophobic polymers is 

their negative influence on the disintegration time. This can be counteracted by the use 

of a disintegrant. Up to now plain ODFs have been developed. In the future the 

incorporation of APIs and stability studies need to be explored (3). 

 A new manufacturing method such as printing may be a good alternative for the solvent 

casting method. With printing technologies low-dose products, such as therapeutic 

orodispersible films, can be created (4). Nowadays printing technologies such as thermal 

inkjet printing, flexographic printing and 3D printing are developed for drug delivery 

systems as ODFs (5 – 9). These printing technologies can be used in pharmaceutical 

industry, pharmacies and hospitals (5). 

 International recognised pharmacopoeias such as the European Pharmacopoeia and U.S. 

Pharmacopeial Convention need to specify methods, requirements and definitions for 

oromucosal film preparations based on biorelevant data. 

 Although a study demonstrated the bioequivalence of ondansetron in an ODF versus an 

orodispersible tablet more research is needed to confirm the clinical proof of principle of 

ODFs (10). 

 Patient acceptance of ODFs will improve if the taste of the mainly bitter taste of APIs is 

adequately masked. Screening tools such as the electronic tongue or the in vivo rat brief-

access taste aversion (BATA) may be helpful in the development of acceptable taste 

masked formulations (11, 12).  
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