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Introduction 

 

Currently there is an increasing interest in the development of new oral dosage forms. One 

of such dosage forms is the orodispersible film (ODF): a thin, stamp-sized polymer film in 

which the active pharmaceutical ingredient (API) is contained. In 2012 the European 

Pharmacopoeia (Ph. Eur. 7.4th edition) defined for the first time two types of oral film 

formulations in the monograph “oromucosal preparations”, namely the mucoadhesive 

buccal films (MBF) and the ODF. This definition is also included in the current 9th edition (1). 

Below a definition of both oral film formulations is given to clarify the difference between 

them. 

The focus of this thesis is on the development of ODFs to be produced on small scale in a 

(hospital) pharmacy. Therefore the characteristics of ODFs are explained in more detail and a 

justification of this dosage form is given.  

 

Definition of the dosage form 

MBFs and ODFs are formulations intended for administration in the oral cavity (1). The Ph. 

Eur. 9th edition specifies that these formulations “consist of a film-forming polymer (most 

common are cellulose derivates such as hypromellose), which serves as carrier matrix for the 

API; in some cases an additional plasticizer is needed to ensure the film flexibility. Different 

excipients such as saliva stimulating agents, fillers, colours and flavours can be added” (1). 

The main characteristic of both formulations is the mucoadhesive property (2). Table 1 gives 

a short overview of these dosage forms. 

 

Table 1 
Overview of oromucosal film formulations. 

Mucoadhesive buccal films (MBFs) Orodispersible films (ODFs) 

Directly attached to the oral mucosa (2, 3) Commonly administered to the tongue and 
sometimes to the buccal surface, where they 
disintegrate within a few seconds (1) 

The API is mainly absorbed via the oral   
mucosa over a prolonged period of time (1) 
and partly swallowed 

The major amount of the API is released into 
the oral cavity and swallowed with the saliva 
 
Absorption through the oral mucosa may 
occur for a minor fraction of the drug (3, 4) 

Systemic action as well as local action of the 
API is applicable using MBFs (3, 4) 

Mainly systemic action 
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The Ph. Eur. 9th edition 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” and “a suitable test is carried out to demonstrate the appropriate release of 

the active substance(s)” (1).  

All above mentioned specifications can be translated into the following characteristics: an 

ODF should be thin, flexible, and attach to the tong (or the buccal mucosa) within seconds 

after which a fast disintegration and release of the API will occur. For the sake of patient 

compliance an ODF should have an acceptable size and should possess an acceptable taste. 

The choice of the film forming agent and the excipients as well as the API will influence the 

characteristics of the ODF. The development of a good formulation is challenging and 

included in the research presented in this thesis.  

 

ODFs as pharmacy preparations 

The Ph. Eur (9th edition, monograph “pharmaceutical preparations”) defines pharmaceutical 

preparations as preparations which “generally consist active substances that may be 

combined with excipients, formulated into a dosage form suitable for the intended use” (5). 

The Ph. Eur. distinguishes between “extemporaneous preparations, i.e. pharmaceutical 

preparations individually prepared for a specific patient or patient group, supplied after 

preparation and stock preparations, i.e. pharmaceutical preparations prepared in advance 

and stored until a request for a supply is received” (5). ODFs prepared on a small scale in a 

(hospital) pharmacy fit the definition of extemporaneous preparations. Important 

preconditions, for choosing an extemporaneous preparation are a solid 

pharmacotherapeutic rationale and the requirement that the preparation is performed 

under circumstances that guarantee a good product quality (6 – 8). 

In literature as well as in this thesis the two terms with the same connotation, pharmacy 

preparations and pharmaceutical preparations, are used. 

 

ODFs are a promising dosage form intended for patient groups such as children and elderly 

(9, 10), patients with swallowing problems (disease related or problems with swallowing 

tablets and capsules) and patients who are fluid restricted. An important advantage of ODFs 

over other oral dosage forms is the dose flexibility. ODFs can easily be cut into several 
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pieces. Furthermore, administration of an ODF requires (almost) no intake of water and 

reduces the chocking risk due to the mucoadhesive properties of the dosage form. 

A limited number of industrially produced ODFs are already on the market e.g. containing 

zolmitriptan, risperdone and ondansetron (3, 11). However, most drugs used in pediatrics or 

elderly patients are not available yet in this dosage form. If commercially available products 

are unsuitable or unavailable, a pharmacy or pharmaceutical preparation can fulfill the 

patient’s individual need.  

 

Aim of this thesis 

The aim of this thesis is to design and to explore the use of different casting solutions which 

can be used as a starting point for the extemporaneous preparation of ODFs on small scale in 

a (hospital) pharmacy. The preparation of the ODF should be relatively easy and quick, 

reproducible and robust, with the use of non-expensive excipients, materials and 

equipment. 

Furthermore, different APIs are added to the casting solutions. 

  



Chapter 1 
14 

Outline of the thesis 

 

The feasibility of ODFs as pharmacy preparations is reviewed in chapter 2. A prescription 

assessment is described as well as the use of standardized and non-standardized pharmacy 

preparations in the Netherlands. Furthermore, the clinical possibilities for the application of 

ODFs in pediatrics is outlined. 

In chapters 3 and 4 the development of ODFs as extemporaneous preparations is described. 

In chapter 3 a casting solution suitable for the extemporaneous production of ODFs is 

developed. To the casting solution the water-soluble model APIs enalapril maleate and 

prednisolone disodium phosphate, and the poorly water-soluble model API diazepam were 

added in a dose commonly used for pediatric or elderly patients. Various film forming agents 

were tested, characteristics and pharmaceutical requirements of the casting solution and 

the films prepared thereof were determined. The results were compared with commercially 

available ODFs and evaluated. Finally, the influence of APIs on the physical characteristics of 

the film is determined.  

The quality by design approach is applied in chapter 4 for the optimization of the casting 

solution as presented in chapter 3, using the scientific expert system software Design-

Expert®. With this study more insight into the influence of the film forming agent 

hypromellose and the plasticizer glycerol on the mechanical properties and the 

disintegration time is given. Besides, the optimized formulation is presented. 

In chapter 5 the influence of enalapril as model API on the physical characteristics of the film 

as presented in chapter 3 is studied in more detail. This influence of enalapril is studied using 

the casting solution as optimized in chapter 4 and also using solutions containing either 

hypromellose or carbomer 974P as film forming agents. Furthermore, two methods are 

investigated to achieve a higher drug load. First, the drug load is increased by increasing the 

casting height. Second, a bilayered ODF is developed and optimized. For this last approach, 

the compatibility of different polymers used in the layers is tested to gain a better 

understanding of the possibilities to produce bilayered ODFs.  

So far the focus of this thesis is on the incorporation of low dose APIs into ODFs. In chapter 6 

the incorporation of dried plant extracts commonly used as Indonesian traditional herbal 

medicine (jamu) into ODFs is explored. This in a yet unexplored area in the ODF 

development.  
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During pharmaceutical development of oromucosal films (MBFs and ODFs) for small scale as 

well as for industrial production various problems are observed. In chapter 7 a review is 

presented which focuses on problem solving in the development of oromucosal films. 

Further, it addresses the problems regarding patient acceptance, safety of excipients, 

handling properties and biopharmaceutics. 

A summary, concluding remarks and perspectives are presented in chapter 8. Furthermore, 

a Dutch summary is given in chapter 9. 
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Abstract 

 

Children frequently receive medicines that are designed for adults. The dose of commercially 

available products is adapted, mostly based on the child’s bodyweight, thereby neglecting 

differences in pharmacokinetic and pharmacodynamics parameters. 

If commercial products are unsuitable for administration to children or are unavailable, 

extemporaneous pharmacy preparations are a good alternative. For this particular 

population orodispersible films (ODFs) can be a highly attractive dosage form for the oral 

administration of drugs. ODFs are relatively easy to prepare in a hospital setting, create dose 

flexibility and may suit an individual approach, especially for patients having difficulties in 

swallowing tablets or being fluid restricted.  

In this article various aspects related to pharmacy preparations, clinical application and 

preparation of ODFs for pediatric patients are highlighted and discussed. 
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Introduction 

 

Personalized medicine is becoming increasingly important in contemporary 

pharmacotherapeutics. Children ranging from preterm new-borns and neonates via infants 

and toddlers to adolescents form an important target group. Frequently, they receive a 

medicine that is designed for adults, a practice called ‘unlicensed’ or ‘off label use,’ i.e. not 

licensed for that particular purpose. The administered dose for children is often based on 

body weight, length, and gender only, thereby neglecting clinically important differences in 

pharmacokinetics (absorption, metabolism and elimination of the drug) and 

pharmacodynamics (changes in receptor expression). Nowadays serious attempts are being 

made to develop medicines, formulations, and dosage forms that are adapted to the specific 

needs of children. Several scientific guidelines have been released by the Food and Drug 

Administration (FDA) and the European Medicines Agency (EMA) concerning the 

development of medicines for children. But there are still hurdles to overcome: the safety of 

the excipients, the palatability and appropriate taste masking need to be taken into account. 

(1 – 11). 

 

It has been recognized that children are unable to or have difficulties with swallowing tablets 

or capsules. Even up to the age of 18 years children may have difficulties swallowing tablets 

of 15 mm diameter (12). With adequate training techniques children can be taught to 

swallow smaller tablets. (Un)coated minitablets with a size of 2 – 3 mm appear to be well 

tolerated in trained children at the age of 6 months – 6 years (13 – 16). However, caution is 

needed if coated minitablets are administered to children below 1 year of age because of 

incidences of cough during ingestion (15) and since children tend to chew on them (13). To 

circumvent swallowing problems, tablets are often cut into halves or even quarters, leading 

to inaccurate dosing or an altered absorption (2, 17). Tablets may be crushed and capsules 

may be opened, only if they are immediate release products. Most tablets or capsules with 

modified release properties are absolutely unsuitable for this purpose. Subsequently, the 

powder can be mixed with a spoonful of liquid or food. However, parents or care takers may 

unintentionally mix the powder with a substance that may alter stability or influence 

absorption (18). 
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Liquid formulations are a suitable alternative to solid dosage forms. They are easy to 

administer and create dose flexibility. However, there are some limitations related to liquid 

dosage forms. Frequently, such dosage forms are too strong for children. On the other hand, 

if the available liquid dosage forms are not strong enough, it is not always possible to 

achieve the required dosage. Especially in children suffering from disorders that require fluid 

restriction, this is a relevant issue. Furthermore, there is a considerable risk of under- or 

overdosing errors. To overcome these problems and to increase the safety for the patient, 

e.g. reducing chocking risk due to particle inhalation by giving chewing tablets, and reducing 

dosage errors by offering a formulation with an adapted dose, orodispersible drug 

formulations such as orodispersible films (ODFs) are an attractive new and innovative 

administration form for this particular target group (9, 19). 

 

If commercially available products are unsuitable or unavailable, extemporaneous 

preparations can fulfil the patient’s individual need. An important precondition, however, is 

that extemporaneous manufacturing is performed under circumstances that guarantee a 

good product quality. In hospital pharmacies or large manufacturing pharmacies, such 

preconditions can be achieved and thus pediatrics preparations can be manufactured there 

for the individual patient (3). ODFs can be both commercially prepared and 

extemporaneously on a small scale in a hospital setting as pharmacy preparations. According 

to the European Pharmacopoeia 8th Edition (Ph. Eur. 8th Edition), orodispersible films are 

single- or multilayer sheets of suitable materials, to be placed in the mouth where they 

disperse rapidly (20). ODFs are easy to administer and require almost no intake of water. 

ODFs can be cut precisely in any desired dosage strength with a pair of scissors. Hence, they 

may suit the individual approach needed in pediatrics (21, 22). 

 

The focus of this paper is on pharmacy preparations, clinical possibilities and preparation of 

extemporaneously prepared ODFs to be applied in pediatrics. 

  



Chapter 2 
26 

Pharmacy preparations create flexibility 

 

According to the European Pharmacopoeia, pharmacy preparations include extemporaneous 

preparations made for an individual patient or for a small patient population which are 

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

advance and stored until requested (23). In view of this definition, pharmacy preparations 

are very suitable to overcome the problem related to a lack of commercially available 

medicines for pediatric patients and the need of tailor-made, personalized medicines for 

children. Pharmacy preparations can be compounded from raw materials, made by 

modification or manipulation of commercially available licensed dosage forms or prepared 

prior to use (2, 24). Figure 1 gives an overview of the main problems related to the 

manipulation of commercially available oral dosage forms and provides some good 

alternatives. 

 

 

 

 
Figure 1 
Main problems related to the modification of commercially available oral dosage forms and good 
alternatives. 
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In the Netherlands, the Royal Dutch Pharmacist Association (KNMP), the professional 

organization for pharmacists, has developed standardized procedures covering various 

dosage forms and basic manufacturing processes. They are available online (but no open 

access) for Dutch pharmacists and updated on a regular basis. Many of these standardized 

procedures are incorporated and discussed in the book Practical Pharmaceutics, an 

international guideline for the preparation, care and use of medicinal products (24). A Dutch 

formulary is available with standardized formulations for smaller-scale pharmacy 

preparations for which no licensed alternative is available. These formulations yield good 

and reliable products if prepared according to the general procedures, thereby safeguarding 

general quality. The use of these products is considered on a benefit to risk evaluation for 

specific patient categories such as pediatric patients. Oral (liquid and solid), dermal, 

oropharyngeal, ocular, nasal, rectal and parenteral preparations are included in the 

monographs as well as comments with relevant background information for each individual 

formulation. The standardized pharmacy preparations can be applied to make individual 

prescriptions or for the preparation of small to medium stocks. All standardized preparations 

have been thoroughly validated and yield high quality and reproducible products (25). 

Current initiatives by the European Directorate for the Quality of Medicines and Healthcare 

aim to harmonize the specific class of pediatric pharmacy preparations (26). Up till now, ODF 

preparations for pediatrics are not available as standardized formulations. However, 

research in this field is ongoing. Good quality ODFs containing low-dose enalapril maleate, 

prednisolone, or diazepam have been successfully prepared on lab scale which could be 

suitable as standardized formulations (21). Non-standardized pharmacy preparations are 

used for single or at most for a handful of patients. The effectiveness, safety, and quality of 

the product should always be evaluated before it is prepared. Choosing a non-standardized 

pharmacy preparation means that no formulation is readily available. The design and the 

technological production process have to be drafted from scratch and will result in a product 

that complies with a minimum set of requirements regarding composition, quality, stability 

and biopharmaceutical performance. Furthermore, the product’s practical applicability and 

ease of use as well as the safety for the patient and the compounder must be taken into 

account. Also, the balance between the risk of non-availability of a medicine and the risk of 

well-documented quality of the product should be considered. The pharmacist takes the 

final responsibility in this respect and has an advising role to the prescribing physician (25). 
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GMP conditions 

 

The production of medicines should be performed under conditions that guarantee the 

quality of the product and its chemical, physical, and microbiological stability. In the 

pharmaceutical industry worldwide, strict good manufacturing practice (GMP) conditions are 

applied (27, 28). In a hospital or compounding pharmacy setting where pharmacy 

preparations are produced in small batches, a full industrial GMP process is not feasible. 

Furthermore, specific requirements unique for a hospital setting are not addressed in the 

industrial GPM guidelines (25). To guide good practices for the preparation of medicinal 

products in healthcare establishments, the Pharmaceutical Inspection Convention in 2008 

published the PIC/S guidelines which are being increasingly used as a reference for pharmacy 

preparations including aseptic handling in pharmacies in Europe (24, 29). In the Netherlands, 

the industrial GMP guidelines have been adapted to fit to the hospital environment to the 

so-called GMP-Z, established by the Dutch Hospital Pharmacists Association (NVZA) in 1996 

and revised in 2009 – 2011 (24, 30). The GMP-Z encompasses guidelines to ensure that good 

quality pharmacy preparations are manufactured in the hospital under controlled 

conditions. The GMP-Z also covers preparation processes that are specific for a hospital 

pharmacy but not described in the industrial GMP (25). The hospital specific preparation 

processes are described in four additional chapters: assessment of the requested pharmacy 

preparation and the quality of the product design; tailor-made preparations; aseptic 

handling; guidelines how to work with hazardous (starting) materials and products (30). 

 

Tailor-made preparations are defined in the GPM-Z guideline as preparations intended for 

one or a few patients which are supplied immediately and not kept in stock. Such 

preparations can be compounded from validated standardized preparation instructions or 

from non-standardized preparation instructions. ODFs as extemporaneous pharmacy 

preparations can be covered by the tailor-made preparations as defined in this GMP-Z 

guideline. Validation, in-process control, and end-control of tailor-made preparations differ 

from those for stock preparations. For that reason all specified instructions need to be 

followed precisely. Besides, personnel should be qualified and trained adequately and 

continuously (24, 30). 
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Prescription assessment 

 

In principle, for each pharmacy preparation, a product file needs to be established. In a 

product file, all documents regarding the pharmacy preparation are collected, e.g. 

pharmacotherapeutic rationale, instructions regarding the preparation, operating- and 

analytical instructions, and stability and user information (24). An important step in the 

product file is the assessment of the therapeutic rationale which entails the decision 

whether there is a specific clinical need for a particular pharmacy preparation. In other 

words, does the patient benefit from it in terms of pharmacotherapeutic outcome and is the 

patient not exposed to too much risk. In pediatric formulation development of new dosage 

forms such as extemporaneously prepared ODFs, this is an inevitable step. 

 

Considerations that need to be taken into account are: is a licensed and commercial product 

available? Does the pharmacy preparation have a unique therapeutic value for the particular 

patient? Does it improve patient-friendliness and hence better compliance? Is the pharmacy 

preparation safe for the patient? (22, 26, 31). A risk assessment is needed if an 

extemporaneous pharmacy preparation is required where the benefit of the patient and the 

possible risk involved with the preparation should be considered in relation to the 

appropriate quality level. For each pharmacy preparation, the quality needs to be assured 

and preparation methods should be uniform, reproducible and well documented. 

Documentation is therefore an important part of the quality system related to pharmacy 

preparations (24). Figure 2 gives an overview of the steps involved in a prescription 

assessment. 
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Figure 2 
Prescription assessment. 

 

 

Clinical possibilities for the application of ODFs to pediatrics 

Drugs are administered orally to children not only in the outpatient setting (32), but also in 

the hospital. Here, a substantial proportion of drugs is administered orally even to children 

admitted to neonatal and pediatric intensive care units. The use of oral drugs, as opposed to 

intravenously administered drugs, has the advantage of less risk of adverse effects including 

infection, less costs, and easier administration without the need for an inconvenient 

intravenous access. In infants and neonates, a liquid formulation is the most widely used oral 

dosage form because of the advantage of dose flexibility combined with a lower risk on 

choking, as opposed to solid oral dosage forms. 

 

However, for many drugs commonly used in pediatrics, a suitable drug formulation or 

dosage strength is not commercially available. In the past decade, progress has been made 

following American and European legislation, to stimulate pharmaceutical companies to 

perform studies in children, but a large proportion of older, generically available drugs, will 

not be included in these programs (33, 34). For many drugs commonly used in pediatrics, 
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such as antiepileptic drugs (phenytoin, phenobarbital), diuretics (hydrochlorothiazide, 

furosemide and spironolactone), ACE inhibitors (enalapril) and calcium channel antagonists 

(nifedipine, amlodipine), no formulation is commercially available, which is suitable for use 

in neonates or small children. For these drugs, oral liquids have been developed as 

extemporaneous pharmacy preparations. However, taste or stability issues or solubility 

difficulties hamper the applicability of some liquids. As an example, hydrochlorothiazide is 

often used as long-term treatment in neonates for treatment of bronchopulmonary 

dysplasia, a chronic lung disorder. Hydrochlorothiazide is soluble up to 0.6 mg/mL in an 

aqueous environment. Higher concentrations can only be prepared as a suspension instead 

of a clear solution, leading to a potential risk on dosage errors when not homogenized 

properly prior to administration. Therefore a solution of 0.5 mg/mL hydrochlorothiazide is 

most often prepared.  

 

However, the current pediatric dosage of 1 – 2 mg/kg orally twice daily results in an 

undesired high volume intake when using the 0.5 mg/mL concentration. For these children, 

the use of a drug formulation, which combines an easy administration, dose flexibility with 

low volume fluid intake might be beneficial. As such, the use of hydrochlorothiazide in an 

ODF might be an important improvement in drug formulation. ODFs are easy to administer 

and need almost no intake of water. Once administered, an ODF sticks to the tongue or 

palatal and cannot be spit out thereby improving patient compliance. Different ODF 

formulations have already been developed which are suitable as a starting point for further 

research, e.g. ODFs containing caffeine, dimenhydrinate, enalapril maleate, prednisolone, 

diazepam or ibuprofen (21, 35 – 37). The used APIs should be appropriately taste masked 

and non-irritable. Due to the limited drug load per ODF multiple dosing might be necessary 

which might be considered as a disadvantage (8, 9, 22, 31). 

 

In other clinical conditions where volume restriction is important, ODFs may gain in place in 

the therapeutic arsenal. Many cardiovascular drugs are administered to patients in which 

the fluid balance is rigidly monitored and carefully balanced, because of a comprised cardiac 

output. The limited volume associated with the use of ODFs may well be an advantage in its 

clinical use, as opposed to larger volumes of liquid.   
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Development and technical aspects of an ODF formulation 

 

ODFs can be relatively easily prepared on a small scale using the solvent casting method. A 

particular ODF consists of an active pharmaceutical ingredient (API), a film forming polymer, 

or a combination of film forming polymers, a plasticizer, and various excipients such as 

flavours, colours, fillers, saliva stimulating agents, and, although not often used, a 

preservative (22, 38). All used excipients should be appropriate and safe for the target 

group, especially for children (8, 31). In brief, the preparation of an ODF using the solvent 

casting method is as follows. The API and all excipients are combined in an appropriate 

solvent. The API is preferably dissolved in water but can also be dissolved in a co-solvent, 

dissolved as an API-cyclodextrin complex or finely dispersed as a suspension (21, 35 – 38). 

After a clear solution or homogeneous suspension has been obtained the casting solution is 

cast with a desired casting height varying from 500 – 2000 µm onto a release liner. The 

release liner is fixed by vacuum suction on a film applicator. The casting solution is dried on 

the film applicator at low temperature and subsequently cut into the desired size (21, 22). 

Size and drug content of the initial casting solution will determine the final dose. Besides the 

solvent casting method, printing of an API onto a plain ODF is an upcoming manufacturing 

method which could become very interesting for the small scale production of ODFs (39, 40). 

 

Before ODFs can be prepared as small scale extemporaneous pharmacy preparations for 

clinical use, the formulation has to be developed, tested and optimized on a lab scale. The 

casting solution must be free from air bubbles, should contain no lumps of polymers or 

aggregates of API or excipients, and should possess a viscosity making it suitable for casting. 

The prepared ODFs should be easy to remove from the release liner, not stick to the fingers 

during handling but do stick well to the tongue or palatal, to prevent chocking in the 

pediatric patient group, where they disintegrate fast. They meet the requirements of 

uniformity of mass and uniformity of content, possess suitable mechanical properties (do 

not break during handling), and show physical, chemical and microbiological stability during 

storage (21, 22). A current restriction is the limited drug load per ODF; therefore, only 

relatively potent APIs can be used. Up to now a few studies are available concerning the 

acceptance of ODFs. However, it is assumed that the acceptability is high in children on the 

condition that the ODFs have acceptable taste (22). 
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From various pre-formulation studies it appeared that different APIs and dosages may 

require a specific composition of the casting solution. The APIs may influence the viscosity of 

the casting solution to such an extent that the solution becomes unsuitable for casting and 

ODF production. This was most evident for enalapril maleate. For poorly water-soluble APIs 

such as diazepam a co-solvent is needed. The use of a co-solvent may also negatively 

influence the viscosity of the casting solution. Besides, a test on residual solvent is needed as 

oral intake of the solvent is harmful to the target group. Typically, such problems may 

require a different composition of the casting solution (21). 

 

The quality by design (QbD) approach was shown to be a useful tool to optimize ODF 

formulations (41). QbD is a systemic approach to improve the control over and the quality of 

the production process and includes the establishment of a quality target profile (41, 42). 

Subsequently, the optimized formulation can be used for the repetitive production of ODFs 

in a hospital setting on a small scale for clinical use. In such setting, the ODFs need to be 

prepared under good manufacturing (GMP) conditions and rigid quality control should 

guarantee a continuously good product. Besides the aforementioned requirements, an 

important requirement in the clinic is that the ODFs are sufficiently resistant to damage that 

may be caused by handling. ODFs need special air-tight packaging to maintain integrity and 

stability. The suitability of aluminium sachets, foil, paper or plastic pouches as packaging 

material needs to be evaluated carefully (22, 38). 
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Perspective 

 

Pharmacy preparations such as ODFs create more dose flexibility than achievable with 

commercially available products for adults, provide good patient acceptance, and hence 

increase patient compliance (22). ODFs can be cut into separate smaller pieces for dose 

adjustment, which is important in pediatrics (21). ODFs are easy to administer and require 

almost no intake of water. This makes ODFs a suitable dosage form for patients who have 

difficulties swallowing large amounts of fluid, are unable to swallow (mini)tablets, are non-

cooperative and prone to spitting out drugs or suffer from disease requiring restricted fluid 

intake, e.g. oedema or heart failure. This shows the perspectives for the administration of 

ODFs to neonates and pediatrics. The majority of the API will be released in the oral cavity 

and subsequently swallowed resulting in a pharmacokinetic profile compared to an oral 

solution (22). However, the first pass metabolism can be partly circumvented if absorption 

via the oral mucosa is promoted. This may improve bioavailability which entails a risk of 

overdosing if the ODFs are not administered correctly. On the other hand, an improved 

bioavailability may reduce the dose needed and contribute to a reduction of side effects (22, 

43). ODFs are also convenient portable dosage forms. This is an advantage compared to 

brittle and fragile orodispersible tablets and liquid dosage forms that demand a special 

package for transportation or are only available in large bottles (43). 

 

Up to now, there are no standard formulations for the preparation of ODFs available in the 

Dutch or in any other national formulary. However, research in this field is ongoing and 

promising. 
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Abstract 

 

Orodispersible films (ODFs) are promising drug delivery systems for customized small scale 

pharmacy preparations. The aim of the present study was to develop a versatile casting 

solution suitable for the extemporaneous production of ODFs to which active 

pharmaceutical ingredients (APIs) can be added. Different combinations of film forming 

agents and other excipients and different casting heights were tested for their suitability for 

production of ODFs. The best suitable casting solution contained hypromellose, carbomer, 

glycerol, disodium EDTA and trometamol. 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 96% was used as co-solvent. 

The water-soluble APIs as well as ethanol influenced the viscosity of the casting solution, 

mechanical properties and disintegration time of the ODFs. All ODFs containing API met the 

requirements on uniformity of mass and uniformity of content set by the European 

Pharmacopoeia (2014) 8th edition. 

In conclusion, ODFs of good pharmaceutical quality can be prepared on small scale. Hereby 

opening the perspective of using ODFs for individualized pharmacotherapy. 
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Introduction 

 

The desire for individualized pharmacotherapy increases the demand for customized 

pharmacy preparations produced at small scale. The use of extemporaneous pharmacy 

preparations creates flexibility, thereby increasing the quality of the therapy as well as 

patient compliance. Non-industrial preparations of orodispersible films (ODFs) for 

community or hospital pharmacies are a promising new development in this field. ODFs have 

a huge clinical potential for pediatric and elderly patient groups (1, 2). These groups may 

highly benefit from the dose flexibility that is inherent to ODFs, since they can precisely be 

divided by cutting them into separate pieces (even up to 6 or 8 pieces) and problems related 

to tablet swallowing or large amount of fluid intake are effectively tackled. For adult use a 

limited number of industrially produced ODFs are already on the market. However, the fixed 

dose of these formulations makes most of these ODFs not or less suitable for pediatric and 

elderly patient groups. Moreover, many drugs used in children or elderly are not available as 

ODFs. Therefore, more research is justified in this particular area. ODFs can be used for 

administration via the oral route, following swallowing of the dissolved material. But they 

may also be applied to attain a rapid onset of action because some APIs may be directly 

absorbed via the oral or buccal mucosa. Finally, ODFs may be used for the administration of 

drugs that have local effect e.g. antifungal drugs to treat candida (3, 4).  

 

Several methods to manufacture ODFs have been studied e.g. hot melt extrusion, spin 

coating, semisolid casting, solid dispersion extrusion, rolling or solvent casting (5 – 8). For 

small scale pharmacy preparations solvent casting is the preferred manufacturing method. It 

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

equipment. All components (for example film forming polymers, plasticizer and drug) are 

suspended or dissolved in water and the solution subsequently cast and dried to obtain a 

film. 

 

For the preparation of ODFs various film forming polymers have been used so far. An 

important requirement is that the polymer possesses good mucoadhesive properties (9). 

Frequently used polymers include sodium carboxymethylcellulose (sodium CMC), polyacrylic 

acid, hydroxypropyl cellulose (HPC), hydroxyethyl cellulose (HEC) and hypromellose 
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(hydroxypropyl methylcellulose, HPMC). Besides these (semi)synthetic polymers natural 

polymers such as chitosan, alginate, starch or maltodextrine have been used (10 – 13). For 

industrial production some more expensive polymers with good film forming properties 

have been applied like pullulan and lycoat (14, 15). Other common excipients in ODFs are 

taste-maskers, plasticizers (glycerol, propylene glycol, polyethylene glycol) and solvents. 

 

An ideal ODF is thin, flexible, easy to administer and physically stable (8). For the 

convenience of the patients a short disintegration is favourable. Residual water and 

plasticizers will influence mechanical properties of ODFs (16). Fast evaporation of solvent or 

the addition of APIs may influence the appearance and mechanical properties of ODFs. The 

nature and amount of different film forming polymers, plasticizers, solvents and APIs as well 

as the production process conditions will therefore influence the characteristics of ODFs. 

 

The aim of the present study was to develop a basic casting solution suitable for the 

extemporaneous production of ODFs containing the water-soluble model APIs enalapril 

maleate and prednisolone disodium phosphate, and the poorly water-soluble model API 

diazepam in a dose commonly used for pediatric or elderly patients. Various film forming 

agents were tested, characteristics and pharmaceutical requirements of the casting solution 

and the films prepared thereof were determined. The results were compared with 

commercially available ODFs and evaluated. Finally, the influence of APIs on the physical 

characteristics of the film was determined. 
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Materials and methods 

 

Materials 

Enalapril maleate was obtained from Fagron, Capelle aan den IJssel, the Netherlands. 

Prednisolone disodium phosphate, diazepam, sodium carboxymethyl cellulose 500 cps 

(sodium CMC), carbomer 974P, glycerol 85 % and disodium EDTA were obtained from Bufa, 

IJsselstein, the Netherlands. Hypromellose 3000 mPa·s (HPMC) was a gift from Colorcon, 

Kent, UK. Hydroxypropyl cellulose (HPC) was obtained from Hercules, Wilmington, USA. 

Trometamol was obtained from Genfarma, Maarssen, the Netherlands. All other excipients 

and chemicals were of analytical grade. 

The marketed ODFs tested were Listerine Pocketpaks® (Johnson & Johnson Healthcare 

Products, US), Gofress grape and Ice N Cool coolstrips (both Aquasolve Sanaria, Indonesia). 

 

Methods 

 

Preparation of the casting solution and ODFs 

Different casting solutions were prepared designated as A1 up to and including D4. Table 1 

shows the quantitative composition of the various casting solutions. The solutions consisted 

in all cases of varying amounts of the film forming agent HPMC, plasticizer glycerol and 

solvent water to which other substances: sodium CMC, HPC, carbomer 974P, disodium EDTA 

or trometamol could be added. In the D formulation trometamol was used to neutralize the 

carboxylic acid groups of carbomer 974P which resulted in faster and better gel forming. 

Disodium EDTA binds calcium and magnesium ions that interfere with the cross-linking in 

carbomer gels, thereby improving the viscosity enhancement. 

 

The film forming agents, and where applicable disodium EDTA and trometamol, were 

dissolved in a water-glycerol mixture under constant stirring. After a clear solution had been 

obtained, it was stirred at 100 rpm with a magnetic bar overnight to allow air bubbles to 

disappear. The solution was then cast onto a release liner (Primeliner® 410/36, Loparex, 

Apeldoorn, the Netherlands) with a quadruple film applicator using a casting height between 

500 – 2000 µm. The release liner was fixed to a film applicator (Erichsen, Hemer, Germany) 

by vacuum suction. The casting speed was 50 mm/s.  
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Subsequently, the film layer was dried for approximately 1.5 hours at 30 °C and ambient 

relative humidity. After drying, the films were punched using an Artemio perforator 

(Artemio, Wavre, Belgium) in squares of 1.8 x 1.8 cm, yielding stamp-shaped ODFs. All ODFs 

were sealed in plastic before further testing as described in sections ‘characterization of the 

casting solutions and the ODFs’ to ‘measurement of residual ethanol’. All tests were 

performed immediately or within 2 days after preparation of the ODFs. 

 

Table 1 
Composition of different casting solutions, ingredients are in gram. 

 HPMC 
 

Carbomer 
974 P 

Sodium 
CMC 

HPC Glycerol Disodium 
EDTA 

Trometamol Water 
(up to) 

A1 5 1.5   1.33   100 
A2 7.5 2.25   2   100 
A3 10 3   2.67   100 
A4 15 3   4   100 
B1 5  0.5  1.1   100 
B2 7.5  0.75  1.65   100 
B3 10  1  2.2   100 
B4 15  1.5  3.3   100 
C1 5   2.5 1.5   100 
C2 7.5   3.75 2.25   100 
C3 9   4.5 2.7   100 
C4 10   5 3   100 
C5 15   7.5 4.5   100 
D1 5 0.25   1.11 0.025 0.25 100 
D2 7.5 0.375   1.66 0.0375 0.375 100 
D3 9 0.45   1.99 0.045 0.45 100 
D4 10 0.5   2.21 0.05 0.5 100 

 

Characterization of the casting solutions and the ODFs  

Various tests were performed on the casting solutions and on the ODFs prepared thereof. All 

casting solutions were judged on ease of preparation (homogeneity, ease of removal of air 

bubbles) and ease of casting using a casting height of 1000 µm. The viscosity of the casting 

solutions was measured directly after preparing the casting solutions at ambient 

temperature using a viscometer (Brookfield, Middleboro, USA. Spindle TB was used for high 

viscous solution; spindle 02 was used for low viscous solutions). Limits were set based on the 

found relation between film quality and viscosity. The ODFs prepared were judged by a test 

panel, evaluating the flexibility, disintegration rate, mouthfeel and handling properties. 

Flexibility was considered as very good if the ODFs were easy to bend and returned into their 
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original shape. Flexibility was considered as bad if the ODFs were stiff or broke very easily; 

very fast disintegration was considered as very good and slow disintegration was considered 

as bad; ODFs that stuck to the tongue or palatal immediately were considered as very good 

whereas ODFs that floated around in the mouth and did not stick to the tongue or palatal 

were considered as bad; ODFs that broke on removal from the release liner were considered 

to have bad handling properties whereas ODFs that were easy to remove and kept their 

shape thereafter were considered to have very good handling properties. 

 

Subsequently, a decision was made which casting solutions were eligible for further 

research. The selected formulation was cast using different casting heights (500, 1000, 1500 

and 2000 µm) and ODFs were again evaluated by the test panel. Subsequently, thickness was 

measured and the influence of the casting height on mechanical properties was tested 

(sections ‘thickness’ and ‘mechanical properties’) after which the most suitable casting 

height was chosen. In the most suitable casting solution an appropriate amount of API was 

dissolved to obtain a dose of 1 mg enalapril maleate, 1 mg prednisolone disodium phosphate 

(hereafter referred to as enalapril and prednisolone) or 2 mg diazepam with ethanol 96% as 

co-solvent per ODF of 1.8 x 1.8 cm. The viscosity of these casting solutions was measured. To 

investigate the effect of a higher amount of API on the characteristics of the casting solution 

an appropriate amount of enalapril was added to yield ODFs containing 2 and 5 mg enalapril. 

 

Thickness  

The thickness of the ODFs (n = 20) was measured using a micro-screw meter (Mitutoyo, 

Neuss, Germany) at five different points: in the corners and in the middle of the prepared 

film. 

 

Mechanical properties 

The mechanical properties of the ODFs (n > 6) were analyzed using an Instron series 5500 

load frames with a load cell of 100 N (Instron, Norwood, USA). Samples were cut using a 

stamp into a bone shape according to ISO-527 (plastics – determination of tensile properties) 

(17). A minimum of 6 samples per ODF formulation were tested. The ODFs were fixed 

between two clamps which were subsequently moved away from each other with a 

crosshead speed of 50 mm/min until tearing or breakage of the ODFs. The tensile strength 
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(N/mm2) is the maximum force applied to the ODF until tearing or breakage and was 

calculated using equation 1 (1, 18).  

 

Tensile strength = load at auto break x 100/ cross-sectional area of the film   (1) 

 

Young’s modulus, also known as elastic modulus (N/mm2), defines the stiffness of the ODF 

and was calculated using equation 2 (1, 11). 

 

Young’s modulus = slope of stress-strain curve/ (film thickness x cross-head speed) (2) 

 

Elongation at break (%) is defined as the elongation of the ODF when force is applied and 

was calculated using equation 3 (1, 11). 

 

Elongation at break = increase in length/ initial film length x 100     (3) 

 

Disintegration 

A new method for measurement of disintegration time was developed by adapting the 

disintegration test for tablets and capsules Ph. Eur 8th edition, (method 2.9.1) (19). The ODFs 

(n = 5) were clamped in an arm (figure 1) which moved up and down at a frequency of 30 ± 1 

cycle per minute, over a distance of 55 ± 2 mm in 700 mL purified water of 37 °C ± 2 °C. The 

time at which complete dissolution had occurred was considered as the disintegration time. 

Like for tablet or capsule disintegration, this was judged by visual inspection. 

 

 

Figure 1 
Disintegration test holder with ODF clamped in. 
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Uniformity of mass 

Uniformity of mass was determined according to the Ph. Eur. 8th edition: uniformity of mass 

for single-dose preparations (method 2.9.5) (19). Twenty randomly chosen ODFs were 

weighted individually on an analytical balance. Subsequently the average mass was 

calculated. 

 

Uniformity of content 

Ten ODFs of each formulation were tested on uniformity of content for single-dose 

preparations according to the Ph. Eur. 8th edition (method 2.9.6) (19). API content was 

determined within two days after preparing the ODFs. ODFs containing enalapril or 

prednisolone were dissolved in 10 mL water and subsequently diluted 20 fold with water. 

ODFs containing diazepam were dissolved in 10 mL of water-ethanol 96% mixture (1:1) and 

subsequently diluted 20 fold with water-ethanol 96% mixture (1:1). Absorbance of enalapril 

was measured at 207 nm, prednisolone at 244 nm and diazepam at 230 nm using a UV 

spectrophotometer Unicam UV 500A (Gemini, Apeldoorn, the Netherlands). A calibration 

curve of enalapril or prednisolone in water or diazepam in a water-ethanol 96% mixture (1:1) 

was used to calculate the content API of each ODF. 

 

Water content  

The water content of the ODFs containing APIs was measured using Karl-Fischer titration.  

The water content was measured within two days after preparing the ODFs at ambient 

relative humidity. The OFDs were weighed and dissolved in formamide, subsequently the 

formamide-ODF solution was weighed. Approximately 2 mL of the samples was injected into 

an 831 Karl Fischer Coulometer (Metrohm, Switzerland) and the water content was 

measured in the injected sample. The remaining solution was weighed and residual moisture 

was calculated to the matching sample size. Water content of each ODF was measured in 

duplicate and measurements were corrected for blank measurements. 
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Dynamic vapour sorption  

Water sorption isotherms for plain ODFs from casting solutions D3 and D4.5 and ODFs 

containing 1 mg enalapril, 1 mg prednisolone or 2 mg diazepam were measured using a 

dynamic vapour sorption analyser (DVS-1000 water sorption instrument, UK). 

Measurements were performed at ambient pressure and a temperature of 25 °C. For each 

experiment 20 – 40 mg ODF was used. The ODFs were dried to 0% relative humidity (RH) 

until constant weight was achieved (change in weight less than 0.0005 mg during 10 min). 

Subsequently, the RH was raised with increments of 10% from 0 – 90% each time until 

constant weight was achieved.  

 

Measurement of residual ethanol 

Ethanol content of ODFs containing diazepam as API was measured using headspace gas 

phase chromatography (Agilent Technologies 7890A GC system, Amstelveen, the 

Netherlands) under the following conditions: column, J&W scientific DB-wax (30 m x 0.53 

mm: film thickness 1 µm). Oven temperature was set at 80 °C; detector (FID) temperature 

300 °C; carrier gas N2. 

Ethanol content was measured of freshly prepared ODFs as well as ODFs that were sealed in 

plastic and stored for a year under ambient conditions.  

The ODFs were dissolved in 500 µL water in a 10 mL caped sample vial. The solution was 

warmed to 65 °C and samples of 500 µL were injected directly into the injection port with a 

syringe (injection temperature was 80 °C). The ethanol content of the ODFs was measured in 

duplicate and measurements were corrected for blank measurements. Results were 

calculated from a calibration line. Final remark: the casting solution for ODFs with ethanol as 

co-solvent contained 60 mg ethanol per ODF before drying.  

 

Statistical analysis 

The results obtained from the tests on mechanical properties and disintegration time were 

statistically analysed using a Student’s t-test for paired samples using IBM SPSS software. A 

p-value < 0.05 was considered as significantly different. 
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Results and discussion 

 

Characterization of the casting solution and ODFs prepared thereof 

The properties of different casting solutions and ODFs prepared thereof were evaluated for 

their suitability to develop a standard casting solution to which different APIs could be 

added. The results of this evaluation are listed in table 2. All casting solutions were 

homogeneous. Casting solutions A, B, C1, C2 and D1 had either too low viscosity (and were 

therefore unsuitable for ODF production) or yielded unsuitable ODFs that did not stick to the 

tongue or palatal immediately or broke during handling. On the other hand, casting solutions 

C4 and C5 were too viscous due to which many air bubbles were entrapped permanently 

and for that reason unsuitable for ODF production. Therefore, these casting solutions were 

excluded from further evaluation. The remaining casting solutions, i.e. C3, D2, D3 and D4, 

were easy to prepare and cast. However, ODFs prepared of different solutions showed 

differences in terms of ease of handling and mechanical properties. All ODFs disintegrated 

within 50 seconds using the newly designed method. ODFs that did not stick to the tongue or 

palatal disintegrated slower than ODFs that did stick immediately. In section ‘disintegration’ 

the requirements concerning disintegration are discussed in more detail. 

 

Table 2 
Evaluation of different casting solutions without API for the preparation of ODFs. 

 Casting 
solution 
related 

 
Flexibility 

ODF related 
Ease of 

handling 

 
Disintegration 

 
Mouthfeel 

A4 +/- - - - -a 
B4 +/- - - - -a 
C1 +/- + -b + + 
C2 +/- + -b + + 
C3 + + +/- + + 
C4 + - + +/- -a 
C5 - - - +/- -a 
D1 +/- + -b + + 
D2 +/- + +/- + + 
D3 + + + + ++ 
D4 +/- + + + + 

Judgment based upon observation: ++ = very good; + = good; +/- = moderate; - = bad. 
Bold: best casting solutions (see also table 3 for measurement of thickness and mechanical properties). 
a = ODFs did not stick to the tongue or palatal immediately. 
b = ODFs were too fragile and broke during handling.  
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The outcome of the mechanical tests on ODFs prepared from the best casting solutions are 

listed in table 3. ODFs prepared from casting solution C3 showed favourable results: 

moderate high tensile strength, low Young’s modulus and high elongation at break (8). 

However, as can be seen in table 2, casting solution D3 is preferred over casting solution C3. 

This casting solution was easy to prepare and the resulting ODFs were easy to handle and 

had very good mouthfeel. In addition the ODFs stuck to the tongue or palatal immediately 

and disintegrated quickly. Mechanical tests on ODFs made with casting solution D3 revealed 

comparably high tensile strength, moderate Young’s modulus and high elongation at break 

as was found for the corresponding ODF formulations made with D2 and D4. Therefore the 

D3 formulation was selected for further research. In section ‘mechanical properties’ the 

requirements concerning mechanical properties are discussed in more detail.  

 

Table 3 
Mechanical tests on ODFs without API (mean ± SD, n = 6); thickness measurement  
(mean ± SD, n = 20). 

 Tensile strength 
(N/mm2) 

Young’s modulus 
(N/mm2) 

Elongation 
at break (%) 

Thickness 
(mm) 

C3 2.80 ± 0.17 285.70 ± 40.64 29.17 ± 10.03 0.068 ± 0.006 
D2 4.35 ± 0.42 557.61 ± 66.19 13.20 ± 2.14 0.035 ± 0.009 
D3 4.32 ± 0.00 512.46 ± 52.28 15.62 ± 2.55 0.042 ± 0.006 
D4 4.44 ± 0.28 458.48 ± 55.35 15.62 ± 1.75 0.051 ± 0.005 

 

 

Influence of casting height 

The influence of different casting heights (using formulation D3 as casting solution) on 

mechanical properties and thickness is shown in table 4. Changing the casting height from 

500 to 1000 µm resulted in thicker ODFs and yet not significantly increased the tensile 

strength. Increasing the casting height to 1500 or 2000 µm resulted in thicker ODFs and 

yielded a significant reduction in tensile strength compared to 1000 µm. Young’s modulus 

decreased when the casting height increased from 500 to 2000 µm and elongation at break 

increased. With increasing casting height the ODFs became thicker and less elastic. 
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The ODFs prepared with a casting height of 500 µm were very thin and tore easily while 

removed from the release liner. ODFs prepared with a casting height of 1500 or 2000 µm 

were thicker, moderately flexible and had a moderate mouthfeel. They felt inconvenient and 

did not stick well to the tongue or palatal. 

 

ODFs prepared with a casting height of 1000 µm were thin, flexible and had a good 

mouthfeel. In terms of mechanical properties ODFs cast with a casting height of 1000 µm 

were preferable, despite the fact that the Young’s modulus was moderate high. From these 

results it is concluded that a casting height of 1000 µm was most appropriate and therefore 

used in further studies. 

 

Table 4 
Influence of different casting heights on mechanical properties of plain ODFs from casting solution 
D3 (mean ± SD, n = 6); thickness measurement (mean ± SD, n = 20). 

 Tensile strength 
(N/mm2) 

Young’s modulus 
(N/mm2) 

Elongation 
at break (%) 

Thickness 
(mm) 

D3 (500 µm) 4.08 ± 0.91 689.58 ± 127.70 10.07 ± 1.58 0.014 ± 0.003 
D3 (1000 µm) 4.32 ± 0.00 512.46 ± 52.28 15.62 ± 2.55 0.042 ± 0.006 
D3 (1500 µm) 3.10 ± 0.19 316.82 ± 18.48 15.97 ± 1.07 0.090 ± 0.008 
D3 (2000 µm) 2.98 ± 0.28 274.97 ± 15.51 16.67 ± 3.74 0.111 ± 0.010 

 

 

Water-soluble APIs  

An appropriate amount of enalapril or prednisolone was added to casting solution D3 to 

yield a final dose of 1 mg enalapril or 1 mg prednisolone per ODF. To observe the effect of an 

enhanced dose of API on the characteristics of this casting solution an appropriate amount 

enalapril was added to yield a final dose of 2 or 5 mg per ODF. 

 

The obtained solutions could in some cases not be cast properly because of a significant 

reduction in viscosity. In order to re-enhance viscosity the amount of HPMC was increased 

from 9 to 15 gram HPMC per 100 gram solution. The concentrations carbomer 974P, 

glycerol, disodium EDTA and trometamol which were calculated as percentage of the HPMC 

concentration, therefore changed in proportion. 
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The plain casting solution with increased amount of HPMC is referred to as D5. Table 5 

shows the quantitative composition of the casting solutions after adjustment of viscosity by 

adding more HPMC.  

To obtain a casting solution that is suitable for ODF production the viscosity limits were set. 

As upper limit the viscosity of casting solution D5 was taken. From solutions with a viscosity 

exceeding the viscosity of D5 (25,800 mPa·s at 10 rpm) it was impossible to remove air 

bubbles. As lower limit the viscosity of casting solution D1 (2460 mPa·s at 10 rpm) was taken. 

Solutions with a viscosity comparable or below the viscosity of D1 flowed too easily or 

yielded ODFs that broke during handling. For ODFs containing 1 mg enalapril or 1 mg 

prednisolone casting solution D3 was suitable, although the viscosity of these solutions was 

at the lower limits (enalapril 3012 mPa·s at 10 rpm and prednisolone 3220 mPa·s at 10 rpm). 

Enalapril changed the viscosity to a greater extent than did prednisolone. This effect was 

best observed in casting solution D5. The D5 drug containing casting solutions resembled 

casting solution D3 in terms of viscosity and was derived from D3. The viscosity changes are 

shown in figure 2. As the viscosity decreased with increasing RPM, thus with increasing shear 

rate, the solutions exhibited pseudo-plastic behaviour. 

 

The reduction in viscosity of HPMC solutions is not surprising. It has been described in 

literature that ions are known to reduce the viscosity of water soluble cellulose ethers (20 – 

23). This phenomenon has been explained by an increase of the gel point thereby enabling 

the polymer to hydrate (20, 21, 24). 

 

Finally is should be mentioned that in case a casting solution has a lower viscosity (e.g. 

enalapril or prednisolone in casting solution D3) the casting speed can be reduced from 50 to 

10 mm/s or even lower. During casting mechanical forces decrease the viscosity of casting 

solutions. This influence can be minimized by reducing the casting speed.  
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Table 5 
Composition of different casting solutions after enhancement of concentration of HPMC, ingredients 
in gram (except for ethanol). 
 HPMC 

 
Carbomer 
974 P 

Glycerol Disodium 
EDTA 

Trometamol Ethanol 
96% (mL) 

Water 
(up to) 

D3 9 0.45 1.99 0.045 0.45  100 
D4.51,2 12.5 0.625 2.76 0.0625 0.625 30 100 
D5 15 0.75 3.32 0.075 0.75  100 
D5a1,2 15 0.75 3.32 0.075 0.75 30 100 
D5b1,2 15 0.75 3.32 0.075 0.75 40 100 
1 Casting solutions used for tests on mechanical properties, see section ‘mechanical properties’. 
2 Casting solution derived from D3. 
 

 

 

 

Figure 2 
Influence on viscosity after adding enalapril or prednisolone to casting solution D3 and D5 
(1 mg per ODF) or diazepam to casting solution D4.5 (2 mg per ODF). 
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Poorly water-soluble API 

Various casting formulations were evaluated to obtain ODFs containing 2 mg of diazepam. In 

a first experiment, an appropriate amount of diazepam was mixed with casting solution D3 

to obtain a suspension. The obtained ODF had a rough surface despite the fact that 

diazepam was homogeneously suspended. The mouthfeel was rough and unpleasant. In an 

attempt to overcome this, diazepam was dissolved in the casting solution by using 30 or 40 

mL ethanol 96% as a co-solvent. Addition of ethanol decreased the viscosity of the casting 

solution which is in line with literature (22). Both solutions containing ethanol approached or 

resembled the viscosity of casting solution D1 and were very spreadable. Reducing the 

casting speed to 10 mm/s or lower had in this case no substantial positive influence. 

Therefore, the viscosity was increased by increasing the concentration of HPMC and of the 

other components of the casting solution equally. An HPMC concentration of 12.5 gram per 

100 gram solution in combination with 30 mL ethanol resembled casting solution D3 best in 

terms of ease of casting and viscosity (see figure 2) and was used for further research. This 

casting solution is referred to as D4.5 and was derived from D3. Table 5 shows the 

quantitative composition of the casting solutions after adjustment of viscosity by adding 

more HPMC. 

Casting solutions containing 15 gram of HPMC in combination with 30 mL or 40 mL ethanol 

per 100 gram solution, referred to as D5a and D5b are only used to illustrate the influence of 

ethanol on mechanical properties in section ‘mechanical properties’.  

 

Measurement of residual ethanol 

In particular for pediatric patient groups high amounts of excipients such as propylene glycol 

can cause toxic side effects and should be avoided (25). However, in some cases the use of a 

non-preferable excipient is required for the manufacturing process. Ethanol is often used as 

co-solvent to dissolve poorly water soluble APIs.  

 

According to the ICH guideline (26) for residual solvents Q3C (R5) ethanol is a class 3 solvent 

and can be regarded as a solvent with low toxic potential to man. Amounts of 50 mg per day, 

corresponding with 5000 ppm would be acceptable without justification. Residual organic 

solvents can also affect the physicochemical drug properties or affect the final product in 

terms of colour changes or odour problems (27).  
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All tested ODFs had negligible amounts of residual ethanol (freshly prepared ODFs as well as 

ODFs stored for one year < 1 ppm). A risk assessment has to be made when ethanol is used, 

however, the minor amounts of residual ethanol after production are considered not 

harmful to the stability of the ODFs or to any patient. 

 

Mechanical properties 

Results of the measurements of mechanical properties are listed in table 6. Results of ODFs 

using casting solution D3 containing 1 mg enalapril or 1 mg prednisolone were compared to 

the results of the plain ODFs. Both enalapril and prednisolone changed the mechanical 

properties of ODFs. To illustrate the effect of an enhanced dose of API on mechanical 

properties, ODFs containing 2 mg enalapril prepared from casting solution D3 was also 

tested. 

 

A significant and dose dependent decrease in tensile strength and Young’s modulus was 

seen. Elongation at break increased for the ODFs containing 2 mg enalapril. Furthermore, 

the ODFs became more elastic. However, this change was not significant. In contrast, ODFs 

containing 1 mg enalapril or 1 mg prednisolone showed a slight but not significant decrease 

of elongation at break. In addition, the ODFs became less elastic. 

 

In case of diazepam ODFs cast from solution D4.5 were tested and compared to the results 

of the plain ODFs. Tensile strength was significantly decreased but Young’s modulus was 

hardly influenced. Elongation at break also decreased slightly but non-significantly. The 

influence on mechanical properties of these ODFs was mainly caused by the co-solvent 

ethanol 96 % used to dissolve diazepam and not by the diazepam, this in contrast to the 

effect caused by the water soluble drugs. The effect of ethanol is illustrated when ODFs 

prepared from casting solutions D5a and D5b were compared to ODFs prepared from casting 

solution D5 without API. A significant and concentration dependent reduction in tensile 

strength was observed. Young’s modulus increased significantly when 30 mL ethanol was 

used and decreased significantly when 40 mL ethanol was used. A significant decrease in 

elongation at break was observed as well. The ODFs became less elastic when the amount of 

ethanol was increased.  
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Summarized, APIs or co-solvent influenced the outcome of tensile tests. Both enalapril and 

prednisolone significantly influenced tensile strength and Young’s modulus. In case of 

diazepam loaded ODFs the addition of ethanol but not diazepam had a significant influence 

on mechanical properties. 

 

Requirements concerning mechanical strength of ODFs are not clearly described in the Ph. 

Eur. 8th edition. The only guideline stated in monograph 1807 (oromucosal preparations) in 

the manufacture of ODFs is: “[that] measures are taken to ensure that they possess suitable 

mechanical strength to resist handling without being damaged” (19). We consider this 

insufficient to ensure a quality product. 

 

Therefore, for comparison, three commercially available ODFs (Listerine Pocketpaks®, 

Gofress grape and Ice N Cool coolstrips) were evaluated on appearance and tested for their 

mechanical properties. Tests were performed directly after carefully taking an ODF from the 

original package. The ODFs were tested on mechanical properties and judged upon 

observation as described in section ‘characterization of the casting solutions and the ODFs’ 

with the adjustment that handling properties were considered as bad if the ODFs broke on 

removal from the package and were considered to be very good if the ODFs that were easy 

to remove from the package and kept their shape. The results of the tensile strength tests 

are listed in table 6. Listerine Pocketpaks® and Gofress grape were thin and flexible films 

yielding a good mouthfeel. In contrast to Listerine Pocketpaks®, Gofress grape ODFs 

occasionally broke after removal from the package which is a clear disadvantage in terms of 

handling of the product. Also Ice N Cool coolstrips ODFs were very brittle and broke easily 

after removal from the package. Consequently, it was not possible to measure tensile 

strength, elongation at break and Young’s modulus of these ODFs. All commercially available 

ODFs disintegrated fast (for all ODFs: n = 5, disintegration within 25 seconds). It is 

remarkable that both tensile strength and Young’s modulus of the commercially available 

ODFs were much lower than of the ODFs prepared in this study. Elongation at break values 

of the commercial products were also lower than most ODFs prepared in this study. 

However, low values of elongation at break were also found for ODFs containing 2 mg 

diazepam, prepared using ethanol. This implies that tensile strength, Young’s modulus and 

elongation at break can have different values and still yield acceptable ODFs.  
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For the industrial manufacturing of ODFs including several windings, huge drying tunnels and 

rapid conveyor belts, the required mechanical properties may significantly differ from the 

preparation on film applicators at small scale. The only observation from these comparative 

tests is that the ODFs should not be too brittle. Based on the different analyses of the 

commercial products it is preferable that the tensile strength should we at least 0.3 N/mm2 

and the Young’s modulus is to be 70 N/mm2 or more. 

 

Table 6 
Mechanical tests on ODFs with and without drug load prepared on small scale, data are compared 
with three commercially available ODFs (mean ± SD, n = 6);  
thickness measurement (mean ± SD, n = 20). 

 Tensile strength 
(N/mm2) 

Young’s modulus 
(N/mm2) 

Elongation 
at break (%) 

Thickness 
(mm) 

D3 4.32 ± 0.00 512.46  ± 52.28 15.62 ± 2.55 0.042 ± 0.006 
D3 + 1 mg EN 1.68 ± 0.15 236.02  ± 12.89 13.20 ± 1.06 0.058 ± 0.005 
D3 + 2 mg EN 1.91 ± 0.60 291.18  ± 9.84 20.49 ± 4.05 0.056 ± 0.002 
D3 + 1 mg Pred 2.85 ± 0.53 394.53  ± 26.20 11.11 ± 3.41 0.061 ± 0.002 
D5 4.25 ± 0.27 359.05  ± 8.36 19.80 ± 3.67 0.082 ± 0.003 
D5a + 2 mg 
Diaz 

1.85 ± 0.21 384.33  ± 37.31 6.94 ± 1.08 0.072 ± 0.008 

D5b + 2 mg 
Diaz 

1.68 ± 0.16 337.26  ± 55.33 7.63 ± 1.08 0.071 ± 0.010  

D 4.5 2.35 ± 0.13 323.85  ± 21.32 12.16 ± 0.84 0.080 ± 0.006 
D 4.5 + 2 mg 
Diaz 

1.86 ± 0.12 322.81  ± 27.10 11.11 ± 3.41 0.080 ± 0.006 

Listerine 
Pocketpaks® 

0.34 ± 0.08 70.83 ± 8.33 10.06 ± 4.05 0.042 ± 0.016 

Gofress grape 0.10 ± 0.07 46.24 ± 33.45 9.55 ± 7.65 0.046 ± 0.003 
Ice N Cool 
coolstrips 

- - - 0.055 ± 0.002 

 

 

Disintegration  

The Ph. Eur. (8th edition) does not contain any disintegration test for ODFs. The most 

commonly used methods are the slide frame method and the petri dish method (9). In 

preliminary studies we found that these tests were not suitable for all ODFs prepared. Some 

ODFs did not disintegrate but instead showed swelling and the measurement of 

disintegration time was therefore unequivocal.  
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For that reason an adapted slide frame method was used in this study. Besides, there are no 

pharmacopoeia limits set for disintegration time for ODFs.  

Requirements for disintegration time of orodispersible drug formulations in literature vary 

between 5 and 180 seconds using the guidelines for orally disintegrating tablets from the 

Center for Drug Evaluation and Research (CDER) or the Ph. Eur. monograph for 

orodispersible tablets (1, 8, 28, 29). 

 

After addition of enalapril or prednisolone to casting solution D3 the disintegration time 

decreased significantly for all drug loads (table 7). Diazepam slightly increased the 

disintegration time when added to casting solution D4.5, however, this change was not 

significant. It seems that water soluble drugs decrease the disintegration time of the ODFs 

compared to the plain formulation, whereas the poorly soluble diazepam had hardly any 

effect up to a concentration of at least 6% on dry weight base. 

The disintegration time was for all ODFs within acceptable values and far below the upper 

limit of 180 seconds as found in literature. 

 

 
Table 7 
Disintegration time of ODFs containing enalapril, prednisolone or diazepam as API using an adapted 
slide frame method (mean ± SD, n = 5). 

a Significant decrease of disintegration time compared to plain ODFs. 

 

  

 D3 D3 
1 mg EN 

D3 
1 mg Pred 

D4.5  D4.5 
2 mg Diaz 

Disintegration 
time (s) 

48.0 ± 2.1 22.3 ± 0.6a 21.4 ± 1.3a 45.9 ± 6.9 49.2 ± 2.1 
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Uniformity of mass and uniformity of content 

All ODFs containing enalapril, prednisolone or diazepam (the latter cast from casting solution 

D4.5) met the uniformity of mass requirements of the Ph. Eur. 8th edition (table 8).  

ODFs containing enalapril and prednisolone met the uniformity of content requirements set 

by the Ph. Eur. 8th edition. ODFs containing diazepam met uniformity of content 

requirements if cast from solution D 4.5, although the content of diazepam was at the lower 

limits. In conclusion, uniformity of mass or content can be reached for ODFs containing both 

water-soluble and poorly water-soluble APIs. However, the viscosity of the casting solution 

and/or evaporation of (co-)solvents seem to affect the uniformity of content. 

 
Table 8 
Uniformity of mass (mean ± SD, n = 20) and content of ODFs (mean ± SD, n = 10). 
 Uniformity of mass (mg) Uniformity of content (mg) 

D3-1 mg EN 24.85 ± 0.93 1.03 ± 0.04 
D3-1 mg Pred 24.67 ± 0.72 0.95 ± 0.03 
D4.5-2 mg Diazepam 32.76 ± 0.86 1.79 ± 0.06 

 

Water content 

Requirements concerning residual moisture for ODFs are not described in the Ph. Eur. 8th 

edition. However, a high water content will result in stickiness of the ODFs which is 

unfavourable in terms of ease of handling. In addition, high amounts of residual water 

facilitate the growth of micro-organisms and may result in decomposition of the API. 

The effects of the water content were expected to be reflected in the mechanical properties. 

However, no clear relationship between water content and mechanical properties could be 

established although for ODFs prepared from casting solution D3 containing 1 enalapril or 1 

mg prednisolone an increase of water content (4.47 ± 0.01 and  8.34 ± 0.23 wt-%, 

respectively) resulted in an increase of the tensile strength. This was, however, not a 

significant change. Elongation at break increased in all cases with increasing drug load, but 

not with increasing water content. The same unpredictability was observed in ODFs 

containing diazepam as API. Higher water contents, 6.40 ± 0.13 wt-% for ODFs containing 2 

mg diazepam and prepared from casting solution D4.5, did not yield a higher tensile strength 

or elongation at break, but in a reduction. In conclusion, influences on mechanical properties 

are mainly caused by the API and hardly or not by residual water contents below 9 wt-%. 
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Dynamic vapour sorption 

The uptake of water at RHs up to 50 % was not significant different for all ODFs evaluated, 

i.e., plain ODFs and ODFs containing 1 mg enalapril, 1 mg prednisolone or 2 mg diazepam 

and was less than 10 wt-% (figure 3). Further increase of the RH to 90 % resulted in an 

increase of the mass to 50 wt-% for plain ODFs and ODFs containing 2 mg diazepam. The 

mass of ODFs containing 1 mg enalapril or 1 mg prednisolone increased even further to 

finally 65 wt-% or 61 wt-% respectively. None of the ODFs tested liquefied at RH of 90% at 

temperature of 25 °C. Water sorption seems to be related to disintegration time. The 

increased water sorption found for enalapril and prednisolone seems to be associated with a 

faster disintegration, whereas diazepam which does not change water sorption also had no 

significant effect on the disintegration time.  

 

At moisture contents up to 10 wt-% none of the ODFs we developed turned out to get sticky, 

which indicates that ODFs should be stored and prepared at a relative humidity below 50%, 

or be protected from environmental moisture by adequate packaging. 

 

 

 

Figure 3 
Change in mass curves of plain ODFs (D3 and D 4.5) and ODFs containing 1 mg enalapril, 1 mg 
prednisolone or 2 mg diazepam. 
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Conclusions 

 

In conclusion, it was shown that ODFs can be well prepared at a small scale on suitable 

equipment as extemporaneous pharmacy preparations. We developed a standard 

formulation for the casting solution that can serve as a starting point for developing ODFs for 

various APIs. This standard formulation contained the film forming agents HPMC and 

carbomer 974P, plasticizer glycerol, trometamol and disodium EDTA. Trometamol and 

disodium EDTA were added to buffer and stabilize the solution in order to make it viscous. 

Depending on the characteristics of the API the standard formulation needed to be adjusted, 

e.g. when ethanol was used as co-solvent to dissolve the poorly water-soluble API diazepam. 

The used APIs and co-solvent decreased the viscosity of the casting solution. In case of 

unacceptable viscosity changes the viscosity of the casting solutions needed to be adjusted 

by adding more film forming agents. All prepared ODFs had acceptable mechanical 

properties, disintegrated fast, had low water content and should be stored and prepared at 

a relative humidity below 50%. ODFs prepared with ethanol as co-solvent contained no 

significant amounts of residual ethanol and intake can be regarded as safe to the patient. 

This opens perspectives for flexibility in therapy and personalized medication with ODFs 

prepared on a small scale. 
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Abstract 

 

The quality by design (QbD) approach was applied for optimizing the formulation of 

extemporaneously prepared orodispersible films (ODFs) using Design-Expert® software. The 

starting formulation was based on earlier experiments and contained the film forming 

agents hypromellose and carbomer 974P and the plasticizer glycerol (1). Trometamol and 

disodium EDTA were added to stabilize the solution. To optimize this formulation a quality 

target product profile was established in which critical quality attributes (CQAs) such as 

mechanical properties and disintegration time were defined and quantified. As critical 

process parameters (CPP) that were evaluated for their effect on the CQAs the percentage of 

hypromellose and the percentage of glycerol as well as the drying time were chosen. 

Response surface methodology (RMS) was used to evaluate the effects of the CPPs on the 

CQAs of the final product. The main factor affecting tensile strength and Young’s modulus 

was the percentage of glycerol. 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 design space could be created. As long as the formulation 

and process variables remain within this design space, a product is obtained with desired 

characteristics and that meets all set quality requirements. 
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Introduction 

 

Pharmaceutical quality, patient safety and efficacy are best controlled by a fundamental 

understanding of the formulation and manufacturing of pharmaceutical preparations (2). 

Quality by design (QbD) is a systematic approach to optimize pharmaceutical preparations 

and to improve the control over and the quality of the production process. The quality by 

design approach consistently yields a product with desired characteristics and built in quality 

(3). 

 

Extemporaneously prepared orodispersible films (ODFs) are a promising new development, 

which - as small scale pharmacy preparations - can be applied in personalized medicine 

approach (1). ODFs have various advantages over other oral dosage forms such as tablets or 

syrups that are directly swallowed: they stick to the tongue or palatal immediately which 

prevents spitting out or choking, they disintegrate within a few seconds, there is no need of 

fluid intake, they may enhance the onset of action by bypassing first-pass metabolism (when 

absorption occurs via the oromucosal route) and can be used for systemic as well as local 

drug delivery (4 – 6). Extemporaneously prepared ODFs can be made from a standard casting 

solution in which different active pharmaceutical ingredients (APIs) are dissolved or 

suspended. The desired composition and characteristics of a standard casting solution 

should be defined in relation to the properties of the final product.  

 

The preferred tool for strategic drug development using the QbD approach is the 

establishment of a quality target product profile (QTPP) (7, 8). A QTPP starts with defining 

the critical quality attributes (CQAs) for the final product. A CQA can be defined as: “a 

physical, chemical, biological or microbiological property or characteristic that should be 

within an appropriate limit, range or distribution to ensure the desired product quality” and 

thereby adequate performance and safety of the drug product when used (8). If we consider 

an ideal ODF to be flexible, easy to administer, easy to handle and physically stable (6) these 

characteristics can be translated into a high tensile strength, high elongation at break and 

low Young’s modulus (9, 10). Furthermore, a short disintegration time is favourable. A 

subsequent step of the QTTP is the identification of the critical process parameters (CPP). 

CPP include the process variables, e.g. concentration film forming agents and amount of 
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plasticizer that influence the CQA. By combining the CQA and CPP a design space can be 

created. As long as the formulation and process variables remain within the design space, a 

product will be obtained that meets the quality requirements (2, 3). 

 

The aim of the present study was to apply QbD for the optimization of a standard 

formulation of orodispersible films (ODFs) using the scientific expert system software 

Design-Expert®. The CQA in the present study were mechanical properties (tensile strength, 

elongation at break and Young’s modulus) as well as disintegration time. For every CQA 

Design-Expert® gives a unique matrix of probabilities that helps to determine the best 

crossed model. The varied CPP in this study were the percentage of film forming agent 

hypromellose, the percentage of the plasticizer glycerol and the drying temperature. The 

other excipients and conditions (such as manufacture of the casting solution, used casting 

speed) were kept constant. 
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Materials and methods 

 

Materials 

Hypromellose (HPMC, Methocel E3 premium LV) was a gift from Colorcon, Kent, UK. 

Carbomer 974P, glycerol 85% (w/w) and disodium EDTA were obtained from Bufa, 

IJsselstein, the Netherlands. Trometamol was obtained from Genfarma, Maarssen, the 

Netherlands. All other excipients were of analytical grade. 

 

Methods 

 

Preparation of the casting solution and ODFs 

The formulation used as starting point for this research was described earlier (1). The casting 

solution contained 9 g HPMC and 1.99 g glycerol 85% (22.1% of the weight of HPMC). Other 

excipients were 0.45 g carbomer 974P, 0.045 g disodium EDTA, 0.45 g trometamol and water 

up to 100 g. 

 

The film forming agents HPMC and carbomer 974P together with glycerol 85%, disodium 

EDTA and trometamol were dissolved in water under constant stirring at 1100 rpm at room 

temperature with a magnetic stirring bar until a clear solution had been obtained. 

Subsequently, it was stirred at room temperature overnight at 100 rpm to allow entrapped 

air bubbles to disappear. The solution was then cast onto a release liner (Primeliner® 

410/36, Loparex. Apeldoorn, the Netherlands) with a quadruple film applicator using a 

casting height of 1000 µm. The release liner was fixed to a film applicator (Erichsen, Hemer, 

Germany) by vacuum suction. The casting speed was 10 mm/s. The amount of HPMC and 

glycerol 85% as well as the drying temperature were varied as shown in table 1. The film 

layer was dried at a set temperature and ambient relative humidity (40 – 50 % RH). After the 

films had dried they were carefully removed from the release liner and punched in squares 

of 1.8 x 1.8 cm using an Artemio perforator (Artemio, Wavre, Belgium), yielding stamp-

shaped ODFs. 

Following preparation the ODFs were sealed in plastic and stored under ambient conditions 

until testing. All tests were performed within three days after preparation of the ODFs.  
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Table 1 
Ranges of CPPs (percentage HPMC, percentage glycerol and drying temperature). 
Run Standard order 

(Std) 
Percentage 
HPMC (%) 
X1 

Percentage 
glycerol (%) 
X2 

Drying temp. 
(°C) 
X3 

1 16 10.0 20.0 30.0 
2 7 7.5 30.0 40.0 
3 8 12.5 30.0 40.0 
4 19 10.0 20.0 30.0 
5 3 7.5 30.0 20.0 
6 18 10.0 20.0 30.0 
7 15 10.0 20.0 30.0 
8 11 10.0 3.18 30.0 
9 13 10.0 20.0 13.18 
10 9 5.8 20.0 30.0 
11 20 10.0 20.0 30.0 
12 17 10.0 20.0 30.0 
13 2 12.5 10.0 20.0 
14 14 10.0 20.0 46.82 
15 1 7.5 10.0 20.0 
16 4 12.5 30.0 20.0 
17 6 12.5 10.0 40.0 
18 5 7.5 10.0 40.0 
19 12 10.0 10.0 30.0 
20 10 14.2 36.82 30.0 

 

 

 

Choice of design and experimental layout 

The design space was calculated using the Design-Expert® software (version 8.0.4.1, 

Statease®) (11). The choice of minimum and maximum values of CPP were based on earlier 

experiments (1) and were entered into the computer program. A central composite design 

was made for the response surface methodology (RMS) and the number of runs needed was 

calculated. The CPPs were varied over five levels ((-) alpha, minus, center point, plus and (+) 

alpha) resulting in a setup of 20 runs which were performed randomly to prevent bias. Table 

1 shows the ranges of CPPs applied. To each run different variables were assigned by the 

program resulting in different plots, e.g. cube or 3D surface plot. For each run a different 

percentage of HPMC (X1), a different percentage of glycerol (based on the weight of HPMC) 

(X2) and a different drying temperature (X3) were applied.  
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In order to check the data for normality a normal probability plot of residuals was used. If 

the residuals fall approximately along a straight line the data are normally distributed.  

The best fitted models (e.g. quadratic, linear) were assigned by Design-Expert® software and 

were chosen based on their significance using an analysis of variance (ANOVA) F-test (12). 

 

Thickness 

The thickness of the ODFs (n = 20) was measured at five different points: in the corners and 

in the middle using a micro-screw meter (Mitutoyo, Neuss, Germany). 

 

Uniformity of mass 

Uniformity of mass was determined according to the European Pharmacopoeia (Ph. Eur. 8th 

edition): uniformity of mass for single-dose preparations (method 2.9.5) (13). Twenty 

randomly chosen ODFs were weighted individually on an analytical balance. Subsequently 

the average mass was calculated.  

 

Mechanical properties 

Mechanical properties of the ODFs (n = 6) were analysed according to ISO-527 (plastics – 

determination of tensile properties) (14) using Instron series 5500 load frame with a load cell 

of 100 N (Instron, Norwood, USA). The ODFs were punched into a bone shape which was 

fixed between two clamps. The clamps were moved away from each other with a cross-head 

speed of 50 mm/min. Subsequently after tearing or breakage of the ODFs tensile strength, 

elongation at break and Young’s modulus were calculated with the equations 1, 2 and 3, 

respectively. Tensile strength is the maximum force applied (N/mm2) to the ODF until tearing 

or breakage, elongation at break is defined as the elongation of the ODF when force is 

applied and Young’s modulus defines the stiffness of the ODF (15 – 17): 

 

Tensile strength = load at auto break x 100/ cross-sectional area of the film   (1) 

 

Elongation at break = increase in length/ initial film length x 100     (2) 

 

Young’s modulus = slope of stress-strain curve/ (film thickness x cross-head speed) (3) 
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Disintegration 

To determine the disintegration time of ODFs the so-called drop method was used. Five 

randomly chosen ODFs from each run were tested. The ODF was placed onto a small glass 

beaker and subsequently a volume of 0.2 mL distilled water was placed onto the film. The 

disintegration time was defined as the time measured until the film broke. This test is very 

similar to slide frame method that has been applied for the same purpose (6). 
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Results and discussion 

 

Preparation of ODFs 

Earlier experiments in which different film forming agents (sodium carboxymethyl cellulose, 

hydroxypropyl cellulose, HPMC and carbomer 974P) were tested resulted in the standard 

formulation (1) used as starting point in this study. Twenty runs of ODFs were prepared with 

different percentages HPMC and glycerol and dried at different temperatures as shown in 

table 1.  

 

Thickness and uniformity of mass 

The results of the measurement of thickness and uniformity of mass are listed in table 2. 

The percentage HPMC is the dominant factor in thickness difference. 

All ODFs met the uniformity of mass requirements of the Ph. Eur 8th edition. The produced 

ODFs were uniform and the production method was therefore qualified.  

 

Critical Quality Attributes (CQA) 

For ODFs a high tensile strength, a high elongation at break, a low Young’s modulus (6) and a 

short disintegration time are preferred. We found these qualitative criteria to be unsufficient 

to properly consider the quality of extemporaneously prepared ODFs. To overcome this, the 

different parameters were quantified as shown in table 3. The limits are based on earlier 

experiments (1). The results of the measurements of mechanical properties and 

disintegration times are listed in table 2. After all the runs were performed the tensile 

strength, elongation percentage, Young’s modulus and disintegration time were analysed 

with the Design-Expert® software yielding different plots. For the tensile strength 

measurements response surface plots (a cube plot and a 3D surface plot) are shown and 

explained. The other results will only be visualized with a cube plot by which it can be easily 

determined which combinations of the factors X1, X2 and X3 give the preferred or the 

unfavourable values of the CQA (18). 

 



 

Table 2 
Thickness and weight (mean ± SD, n = 20), mechanical tests (mean ± SD, n = 6), disintegration time (mean ± SD, n =5). 

Run Std Thickness 
(µm) 

Weight 
(mg) 

Tensile strength 
(N/mm2) 

Elongation at break 
(%) 

Young’s Modulus 
(N/mm2) 

Disintegration 
time (s)  

1 16 66.4 ± 3.3 25.55 ± 0.66 2.26 ± 0.12 10.07 ± 1.57 363.40 ± 32.95 24.6 ± 1.04 

2 7 56.5 ± 3.7 21.30 ± 0.45 1.39 ± 0.14 8.69 ± 0.85 275.71 ± 29.87 19.6 ± 1.15 
3 8 79.7 ± 3.5 30.91 ± 1.01 1.28 ± 0.07 7.99 ± 2.05 277.85 ± 27.44 37.6 ± 3.01 
4 19 64.7 ± 4.1 25.92 ± 0.87 1.77 ± 0.34 9.71 ± 1.08 313.40 ± 54.41 27.3 ± 1.14 
5 3 52.9 ± 3.7 21.72 ± 0.85 1.49 ± 0.27 10.38 ± 0.01 280.15 ± 32.48 17.3 ± 1.98 
6 18 68.8 ± 5.1 25.42 ± 0.51 1.83 ± 0.08 9.01 ± 1.68 330.37 ± 47.31 25.5 ± 2.63 
7 15 64.9 ± 4.7 25.04 ± 0.64 1.90 ± 0.23 8.67 ± 1.55 375.30 ± 29.14 25.1 ± 2.11 

8 11 52.5 ± 3.4 21.68 ± 0.39 4.35 ± 0.34 12.14 ± 1.58 576.77 ± 50.87 21.2 ± 1.42 
9 13 60.5 ± 2.6 25.01 ± 1.04 2.56 ± 0.18 11.80 ± 2.85 401.36 ± 45.32 21.4 ± 0.95 
10 9 44.4 ± 4.0 16.78 ± 0.33 1.34 ± 0.24 7.64 ± 1.07 311.02 ± 57.99 9.0 ± 1.00 
11 20 75.1 ± 5.2 25.34 ± 2.85 1.90 ± 0.12 10.42 ± 1.86 330.81 ± 37.25 29.7 ± 3.03 
12 17 71.5 ± 5.0 25.01 ± 0.74 1.90 ± 0.17 10.07 ± 2.05 329.82 ± 17.21 23.1 ± 1.20 
13 2 68.0 ± 2.0 28.36 ± 0.48 3.33 ± 0.25 12.16 ± 2.06 446.15 ± 45.56 30.7 ± 2.30 
14 14 62.3 ± 3.3 24.29 ± 0.65 1.76 ± 0.12 9.37 ± 2.19 305.07 ± 67.82 29.9 ± 2.51 
15 1 46.3 ± 1.9 19.36 ± 0.92 2.73 ± 0.53 9.71 ± 1.70 512.48 ± 81.14 17.2 ± 1.82 
16 4 80.3 ± 4.6 32.75 ± 0.88 1.48 ± 0.15 11.46 ± 2.20 238.92 ± 18.65 30.0 ± 2.02 
17 6 72.7 ± 3.8 26.92 ± 0.66 2.46 ± 0.16 9.72 ± 1.69 382.60 ± 31.10 34.3 ± 0.78 
18 5 49.3 ± 5.1 18.03 ± 0.48 2.42 ± 0.30 8.68 ± 1.58 428.00 ± 43.59 18.0 ± 1.06 

19 12 64.4 ± 3.1 26.58 ± 0.62 1.48 ± 0.11 9.71 ± 1.69 254.11 ± 12.95 24.3 ± 3.05 
20 10 77.6 ± 3.0 31.66 ± 0.78 2.39 ± 0.16 11.80 ± 1.08 341.07 ± 25.40 43.7 ± 3.86 

 

  



Chapter 4 
84 

Table 3 
Quantification of CQAs. 

CQAs Limit 

Tensile strength > 2 N/mm2 
Elongation at break > 10 % 
Young’s modulus < 550 N/mm2 
Disintegration time < 50 s 

 

 

Tensile strength 

Figure 1 represents a cube plot showing the effect of X1, X2 and X3 (table 1) on tensile 

strength. 

 

All prepared ODFs containing a low percentage of glycerol and containing different 

percentages of HPMC and dried at different temperatures revealed a tensile strength above 

2 N/mm2. However, the highest and therefore preferred tensile strength was found for ODFs 

containing a high percentage of HPMC, a low percentage of glycerol and dried at a low 

drying temperature, which is indicated as the A+B-C- point (3.58 N/mm2).  

Lowering of the percentage of HPMC or drying at higher temperatures hardly influenced the 

tensile strength.  

A typical example of a 3D surface plot (figure 2, the ODF is dried at 20 °C) illustrates the 

influence of percentage HPMC on tensile strength. 

 

It can be concluded that the main factor causing an increase or decrease of tensile strength 

is the percentage of glycerol. As glycerol acts as a plasticizer it may influence the mechanical 

properties (in this case the tensile strength) of the ODFs negatively. As can be seen in figure 

1, decreased tensile strength corresponded with a high percentage of glycerol. Besides, 

ODFs containing a high percentage of glycerol become stickier, which is unfavourable in 

terms of handling properties. 
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Figure 1 
Cube plot of the effect of X1 (HPMC%, A), X2 (glycerol %, B) and X3 (temperature °C, C) on tensile 
strength. The A+B-C- point represents the preferred high tensile strength. 

 

 

Figure 2 
Typical example of 3D surface plot showing the influence of different percentages of HPMC (X1) and 
different percentages of glycerol (X2) on tensile strength of ODFs dried at 20 °C (X3). 
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Elongation at break 

ODFs should have sufficient handling properties (1). Therefore an elongation at break > 10 % 

is preferable. A cube plot showing the effect of X1, X2 and X3 on elongation at break is given 

in figure 3. Three combinations of a low percentage glycerol with a high or low percentage of 

HPMC and different drying temperatures resulted in an elongation of break > 10 %. 

However, the highest and therefore preferred elongation at break was found in ODFs 

containing a high percentage of HPMC, a low percentage of glycerol and dried at lower 

temperatures, which is indicated as the A+B-C- point (12.11%). An increase or decrease of 

the percentage HPMC or glycerol influenced the elongation at break, but the principle factor 

for this change appeared to be the drying temperature. The percentage of elongation at 

break was higher for ODFs dried at low temperatures. 

 

 

Young’s modulus 

For ODFs a Young’s modulus below 550 N/mm2 is preferable. A cube plot showing the effect 

of X1, X2 and X3 on Young’s modulus is given in figure 4. All combinations with respect to 

percentage of HPMC and percentage of glycerol and different drying temperatures yielded a 

Young’s modulus below 550 N/mm2. However, two points A+B+C- and A-B+C+, respectively 

correspond with the lowest and therefore preferred Young’s modulus: 260 and 261.8 N/mm2 

respectively. The preferred low Young’s modulus was found in ODFs containing a low 

percentage HPMC, a high percentage glycerol and dried at high temperatures and in ODFs 

containing a high percentage HPMC, a high percentage glycerol and dried at low 

temperatures. From these results it can be concluded that changes in the percentage 

glycerol are leading in terms of influence on the Young’s modulus. 
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Figure 3 
Cube plot of the effect of X1 (HPMC%, A), X2 (glycerol %, B) and X3 (temperature °C, C) on elongation 
at break. The A+B-C- point represents the preferred high elongation at break. 

 

 

Figure 4 
Cube plot of the effect of X1 (HPMC%, A), X2 (glycerol %, B) and X3 (temperature °C, C) on Young’s 
modulus. The A+B+C- and A-B+C+ points represent the preferred low Young’s modulus. 
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Disintegration time 

Figure 5 represents a cube plot showing the effect of X1, X2 and X3 on disintegration time. 

The preferred disintegration time below 50 seconds was found for all combinations of 

percentage of HPMC and percentage of glycerol and different drying temperatures. 

However, ODFs containing low percentage of HPMC, a high percentage of glycerol and dried 

at high temperatures, which is indicated as the A-B+C+ point (13.1 s), had the preferred 

lowest disintegration time. Lowering of the percentage of glycerol or drying at a lower 

temperature hardly influenced the disintegration time. It is concluded that the main factor 

influencing the disintegration time is the percentage of HPMC. Lowering of the percentage 

HPMC almost decreased the disintegration time by half. This strong influence on 

disintegration time was not seen when the percentage glycerol or the drying temperature 

was changed. 

 

 

Figure 5 
Cube plot of the effect of X1 (HPMC%, A), X2 (glycerol %, B) and X3 (temperature °C, C) on 
disintegration time. The A–B+C+ point represents the preferred fast disintegration time. 
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Model justification 

The normal probability plot of residuals showed for all test that residuals fell approximately 

along a straight line indicating that the data were normally distributed. 

To statistically analyse the CQAs tensile strength, elongation at break and Young’s modulus a 

quadratic model was used. For the CQA disintegration time a linear model was used. The 

ANOVA F-test indicated a high degree of significance (p <0.01) for all chosen models. 

 

Design space 

To calculate the design space the criteria of the CQA were set to either a minimum or a 

maximum. The CQA disintegration time and Young’s modulus were set to minimum (< 50 s 

and < 550 N/mm2, respectively) whereas the tensile strength and elongation at break were 

set to maximum (> 2 N/mm2 and > 10%, respectively). Based on this, Design-Expert® 

suggested seven formulations to be tested as shown in table 4.  

 

The suggested optimum drying temperature was 20 °C. However, this low drying 

temperature resulted in a long drying time. This was not considered ideal for the 

manufacture of ODFs. Although the factor, drying time, was not included in de design of 

experiment it largely influences the ease of manufacturing. The effect of drying time 

variations was therefore measured separately and the results are shown in figure 6. 

 

A drying temperature of 20 °C resulted in a drying time of more than five hours which is far 

from ideal for extemporaneous and rapid manufacturing also in terms of stability challenges. 

Based on earlier experiments a drying time of two hours was considered acceptable and for 

that reason the range of the criteria of drying temperature was set to 30 °C to 40 °C.  

All results combined resulted in a design space as shown in table 5. 

 

Compared to the original formulation as described in section ‘preparation of the casting 

solution and ODFs’ the design space suggests an increase of the percentage of HPMC and a 

decrease of the percentage glycerol. 
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Figure 6 
Drying time (y-axis in minutes) versus drying temperature (x-axis in °C) for run 1 – 20. 
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Table 4 
Design space with CQA set at the preferred values. 

 HPMC Glycerol Drying 
temperature 

Tensile strength Elongation 
at break 

Young’s modulus Disintegration 
time 

 (%) (%) (°C) (N/mm2) (%) (N/mm2) (s) 

1 9.73 16.06 20 2.52 10.97 413.59 28.58 
2 9.72 15.95 20 2.53 10.98 415.09 28.58 
3 9.68 15.83 20 2.54 10.97 417.01 28.46 
4 9.62 15.75 20 2.54 10.95 418.42 28.26 
5 9.53 16.12 20 2.49 10.91 414.05 27.84 
6 10.13 16.60 20 2.51 11.08 403.48 29.89 
7 9.39 16.76 20 2.40 10.83 406.47 27.13 

 

 

 

 

Table 5 
Design space for extemporaneous ODF formulation.  

HPMC 
 
(%) 

Glycerol 
 
(%) 

Drying 
temperature 
(°C) 

Tensile Strength 
 
(N/mm2) 

Elongation 
at break 
(%) 

Young’s modulus 
 
(N/mm2) 

Disintegration 
time 
(s) 

9.81 - 9.84 
9.00* 

12.27 - 12.35 
22.1* 

30.00 2.66 - 2.67 
> 2* 

10.23 - 10.24 
> 10* 

425.19 - 426.23 
<550* 

28.15-28.29 
<50* 

* Percentages of HPMC and glycerol and limits for mechanical properties and disintegration time as used in and based on earlier experiments. 
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Conclusions 

To the best of our knowledge this is the first study in which QbD is applied to 

extemporaneously prepared ODFs. QbD appears to be a useful approach for the rational 

design of extemporaneously produced ODFs. The chosen model helps to visualize the 

different effects of the CPPs on the CQAs. The main factor influencing tensile strength and 

Young’s modulus was 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. 

 

Drying of the ODFs at lower temperature resulted in the desired high values for elongation 

at break. The main factor influencing the disintegration time was the amount of HPMC.  

A low percentage of HPMC resulted in a favourable low disintegration time. From the design 

space it can be concluded that an optimal formulation for plain ODFs to which active 

pharmaceutical ingredients can be added have a slightly higher percentage of HMPC (9.81 – 

9.84% vs 9.00 %) and a reduced percentage of glycerol (12.27 – 12.35% vs. 22.1%) as 

compared to the initial formulation used in earlier experiments (1). The limits for tensile 

strength and elongation at break for plain ODFs can be set to > 2 N/mm2 and > 10 %, 

respectively. The limits for Young’s modulus and disintegration time for plain ODFs can be 

adjusted to < 430 N/mm2 and < 30 s, respectively. 

 

It is important to keep in mind that addition of API or co-solvents to a standard drug-free 

ODF formulation may influence the mechanical properties and appearance of the ODF (1). In 

that case the formulation needs to be adjusted by further investigation to meet the set 

quality requirements.  
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Abstract 

 

The addition of enalapril maleate to a casting solution for orodispersible films (ODFs) 

containing hypromellose and carbomer 974P as film forming agents (standard casting 

solution, SCS) caused a dose dependent reduction of the viscosity. This phenomenon was a 

serious problem in the preparation of ODFs with an increased enalapril load (> 1 mg per 

ODF) when using the solvent casting method. 

The aim of the present work was twofold. Firstly, the influence of enalapril on the viscosity 

of SCS was studied in more detail. Secondly, two methods for increasing the enalapril load of 

an ODF were investigated that did not negatively influence the properties of SCS. The casting 

height was increased and the preparation of bilayered ODFs, using the double-casting 

method, was explored. In the framework of the bilayered ODFs the compatibility between 

the film forming agents hydroxypropyl cellulose (HPC), sodium alginate (SA), hydroxyethyl 

cellulose (HEC) and the combination hypromellose – carbomer 974P (SCS) was investigated. 

Results and conclusions: 

We found that enalapril concentration dependently reduced the pH, thereby negatively 

influencing the gel formation and the viscosity of SCS.  

An increased casting height did not result in a proportionally increased enalapril load. The 

enalapril load could be doubled when a bilayered ODF containing two layers of SCS was 

produced. 

Finally, not all combinations of film forming agents could be used for the preparation of 

bilayered ODFs. Besides, the sequence in which the different polymer layers were casted 

affected the appearance of the ODFs.  

In conclusion, the best formulations were produced with the polymer combinations SCS/SCS 

and SCS/HPC. 
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Introduction 

 

Orodispersible films (ODFs) are a relatively new oral dosage form. An ODF is a thin single- or 

multilayer sheet that disperses rapidly when placed on the tongue (1). For small scale 

extemporaneous preparation of an ODF the solvent casting method is the production 

method of choice. This method comprises dissolution or dispersion of the active 

pharmaceutical ingredient (API) in a suitable casting solution that is subsequently cast and 

dried (2). 

 

A serious drawback of ODFs as dosage form is the limited drug load that can be applied. 

Therefore, only potent APIs can be used so far (2 – 4). 

Theoretically, the drug load of an ODF can simply be increased by adding more API to the 

casting solution. This, however, may lead to crystallization of the API in the final dosage form 

after evaporation of the solvent and/or upon storage, thereby affecting the physical 

properties of the product (e.g. the mechanical strength and dissolution rate). In case the 

amount of API added to the casting solution exceeds its solubility, the API no longer is 

dissolved but will become dispersed. This may yield ODFs with a gritty surface which is 

unfavourable in terms of patient acceptance.  

Furthermore, it may negatively influence the properties of the casting solution, the 

uniformity of mass, uniformity of content, disintegration time, and the mechanical 

properties of the ODF (2, 5 – 8). 

 

The drug load of an ODF can also be enhanced by increasing its size and the thickness. This, 

however, may result in thick and brittle films, with a negative influence on patient 

compliance and thus on the therapeutic outcome.  

Another approach to achieve an increased drug load is by printing of the API. Different 

printing techniques have been described in literature, e.g. (thermal) inkjet printing, 

flexographic printing and 3D printing (9 – 11). Buanz et al. explored thermal inkjet printing 

for printing personalized-dose API on a plain edible film (12). The different printing 

techniques are suitable for the extemporaneous preparation of oromucosal films (including 

ODFs) in an industrial setting as well as in a (hospital) pharmacy. (11, 13). 
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A further possibility for increasing the drug load may be the application of a bilayered (or 

multilayered) ODF. Research on bilayered or multilayer films so far focuses on buccal films or 

sublingual bilayered films and not on ODFs (3, 14, 15). In buccal films the use of different 

types of layer may lead to uni-directal drug release, controlled drug release, better 

mucoadhesive properties, and it may influence the disintegration time (14, 15). For ODFs the 

use of two or multiple layers may serve a different goal. It is known that some APIs, 

especially enalapril maleate, in higher dose negatively influence the characteristics of the 

casting solution, making it unsuitable for casting (7). In that case a bilayered film produced 

with two lower drug load containing layers may offer a solution. 

 

The aim of the present study is twofold. Firstly, the influence of an increased drug load on 

the porperties of a casting solution is profoundly investigated. Enalapril maleate (further 

referred to as enalapril) is used as model drug. The used casting solution was developed in a 

previous study and contains hypromellose and carbomer 974P as film forming agents (7). 

This particular casting solution is further referred to as the standard casting solution (SCS). 

Secondly, two methods yielding higher drug loads of the ODFs without influencing the 

properties of the SCS were investigated: the application of an increased casting height and 

the preparation of a bilayered ODF. For the latter, the compatibility of different polymers 

was tested in order to gain a better understanding of the possibilities to produce bilayered 

ODFs. 
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Material and methods 

 

Materials 

Enalapril maleate was obtained from Fagron, Capelle aan den IJssel, the Netherlands. 

Hypromellose (HPMC, Methocel E3 premium LV, a gift from Colorcon, Kent, UK), 

hydroxypropyl cellulose (HPC), sodium alginate (SA, Sigma-Aldrich, St. Louis, USA), 

hydroxyethyl cellulose (HEC, Genfarma, Maarssen, the Netherlands) and carbomer 974P 

(Bufa, IJsselstein, the Netherlands) were used as film forming agents. 

Glycerol 85% (Bufa) was used as a plasticizer. Disodium edetate (Bufa) was used to bind 

calcium and magnesium ions that interfere with the cross-linking in carbomer gels. 

Trometamol (Genfarma) was used to neutralize the carboxylic acid groups of carbomer 

974P. 

Freshly distilled water was used as a solvent. All other excipients used were of analytical 

grade. 

 

Methods 

 

The influence of enalapril on different casting solutions 

The solutions pH1 and pH2 as listed in table 1 were used to examine gel formation of HPMC 

and carbomer 974P at different pH values.  

The influence of enalapril on the pH and on the viscosity was tested on the solutions A0 to 

A50 and B0 to B50 (see figure 1, series A: HPMC used as viscosity enhancer; series B: carbomer 

974P used as viscosity enhancer; the subscript refers to mg enalapril). Note that the 

concentrations of HPMC and carbomer 974P in casting solutions A and B differ from those in 

the standard casting solution (SCS, for composition see table 2). In these experiments an 

increased amount of film forming agent (compared to SCS) was necessary to measure the 

viscosity properly. 

Next, the influence of enalapril on the pH of casting solutions A, B and SCS was determined 

by adding an amount of 10 mg, 25 mg or 50 mg enalapril. 
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Table 1 
Quantitative composition of the casting solutions used to determine gel formation at different pH 
and influence of enalapril on the pH and on the viscosity of different casting solutions. Ingredients in 
gram, water up to 100 gram. 

Formulation HPMC Carbomer 974P Enalapril Set pH with trometamol/HCl 

pH1 9.48 - - To pH 1, 3, 5, 7, 9  
pH2 - 0.45 - To pH 1, 3, 5, 7, 9 
A0 39.24 - - - 
A10 39.24 - 0.010 - 
A25 39.24 - 0.025 - 
A50 39.24 - 0.050 - 
B0 - 1.5 - - 
B10 - 1.5 0.010 - 
B25 - 1.5 0.025 - 
B50 - 1.5 0.050 - 

 

 

 

 

Figure 1 
Influence of enalapril on the standard casting solution (SCS). 
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Preparation of the casting solutions and ODFs 

The quantitative composition of the casting solutions are listed in tables 1 and 2. All 

excipients were dissolved in or mixed with water under constant stirring. After a clear 

solution had been obtained it was stirred at low speed (100 rpm) with a magnetic bar 

overnight to allow air bubbles to disappear.  

 

The ODFs were prepared using the solvent casting method as described previously by Visser 

et al. (7). An amount of enalapril (500 mg per 100 gram casting solution) was added to the 

SCS. The abbreviation SCS than changes into SCSen (see table 2 for composition) to yield 

ODFs containing 1 mg of this API.  

2 mL of the casting solutions (table 2) were cast onto a release liner (Primeliner® 410/36, 

Loparex, Apeldoorn, the Netherlands) with a quadruple film applicator using a casting height 

of 500 – 2000 µm. The release liner was fixed by vacuum suction to a film applicator 

(Erichsen, Hemer, Germany). The casting speed was 10 mm/s.  

Subsequently, the film layer was dried for 1.5 h at 30 °C and ambient relative humidity (50 – 

60 % RH). The ODFs were punched in squares of 1.8 x 1.8 cm using an Artemio perforator 

(Artemio, Wavre, Belgium). 2 mL of casting solution yielded ten ODFs with size 1.8 x 1.8 cm. 

All ODFs were sealed in plastic bags and stored in a dark place at room temperature and 

ambient relative humidity (50 – 60 % RH) before further testing. All tests were performed 

ultimately within two days after preparation of the ODFs. 

 

Table 2 
Quantitative composition of the casting solutions for examining drug load and development of a 
bilayered ODF, ingredients in gram. Water up to 100 gram. 

Excipients SCSen* SCS* HPC* SA* HEC* 

HMPC* 9.81 9.81 - - - 
HPC* - - 10   
SA* - - - 8 - 
HEC* - - - - 3 
Carbomer 974P 0.45 0.45 - - - 
Trometamol 0.45 0.45 - - - 
Sodium EDTA 0.045 0.045 - - - 
Glycerol 1.2 1.2 1.2 2.5 3 
Enalapril 0.500 - - - - 
* SCSen = standard casting solution with enalapril yielding 1 mg enalapril per ODF, SCS = standard casting 
solution, HPC = hydroxylpropyl cellulose, SA = sodium alginate, HEC = hydroxyethyl cellulose, HPMC = 
hypromellose 
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SCSen was first used for the preparation of single layer ODFs with different casting heights, 

1000 and 2000 µm. The API content of prepared ODFs cast at different casting heights was 

compared. The API content was determined as described in section ‘uniformity of content’. 

SCSen was further used for the preparation of an enalapril containing bilayered ODF (see 

figure 2). 

 

 

 

 

 
 
Figure 2  
Different pathways for increasing the drug load. 
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Preparation of the bilayered ODFs 

The bilayered ODFs were prepared analogously to the double-casting method as described 

by Preis et al. (15). For the preparation of a bilayered ODF the first layer of casting solution 

(as listed in table 2) was cast using a casting height between 500 – 2000 µm. The film layer 

was dried for 1.5 – 8 h (depending on the film forming agent used) at 30 °C and ambient 

relative humidity (50 – 60 % RH). After drying a second layer was cast. Subsequently, a 

decision was made which casting height was eligible for further research. 

 

Uniformity of content 

Ten ODFs of each formulation were tested for uniformity of content (UoC) for single-dose 

preparations according to the Ph. Eur. 9th edition, method 2.9.6. (1). The API content was 

determined within two days after preparing the ODFs. For each measurement a single ODF 

containing enalapril was dissolved in 10 mL water and subsequently diluted 20-fold with 

water. The absorbance of enalapril was measured at 207 nm and corrected for the blank 

absorbance signal using a UV spectrophotometer Unicam UV 500A (Gemini, Apeldoorn, the 

Netherlands). A calibration curve of enalapril in water was used to calculate the API content 

of the ODFs. 

 

Viscosity of the casting solutions 

The viscosity of the casting solutions was measured directly after preparation at a 

temperature of 20 ± 2 °C using a viscometer (Brookfield, Middleboro, USA). Spindle TA, TB or 

TC was used for high viscous solutions and spindle 1, 2 or 3 was used for low viscous 

solutions. 

 

Thickness 

The thickness of the ODFs (n = 20) was measured using a micro screw meter (Mitutoyo, 

Neuss, Germany) at five different points: in the corners and in the middle. 
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Uniformity of mass 

Uniformity of mass (UoM) was determined according to the Ph. Eur. 9th edition: uniformity 

of mass for single-dose preparations, method 2.9.5, on which also the requirements were 

based (1). Twenty randomly chosen ODFs were weighted individually on an analytical 

balance. Subsequently the average mass and weight variation were calculated. 

 

Disintegration time 

The disintegration time was measured using the method as described recently (7). The ODFs 

(n = 5) were clamped in an arm which moved up and down at a frequency of 30 ± 1 cycles 

per min, over a distance of 55 ± 2 mm in 700 mL of purified water of 37 °C ± 2 °C. The time at 

which complete dissolution had occurred was considered as the disintegration time. 

Analogously to tablet or capsule disintegration, the endpoint was judged by visual 

inspection. For ODFs the commonly used limit for disintegration time is less than 180 s as 

based on the Ph. Eur. 9th edition, monograph 0478, dispersible tablets (1). 

 

Mechanical properties 

The mechanical properties of the ODFs were analysed as described previously (7) using an 

Instron series 5500 load frames with a load cell of 100 N (Instron, Norwood, USA). The 

samples were cut using a stamp into a bone shape according to ISO-527 (plastics-

determination of tensile properties) (16). Six samples per ODF formulation were tested. The 

ODFs were fixed between two clamps that were subsequently moved away from each other 

with a crosshead speed of 50 mm/min until tearing or breakage of the ODFs. The tensile 

strength, Young’s modulus and elongation at break were recorded. The tensile strength is 

the maximum force applied to the ODFs until tearing or breakage and was calculated using 

the following equation (17): 

 

Tensile strength = load at auto break x 100/cross sectional area of the film 

 

The Young’s modulus (which defines the stiffness of the ODFs) and elongation at break were 

calculated by the computer program from the stress-strain curve. 
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Mouthfeel and stickiness of bilayered ODFs 

Five volunteers between 20 and 60 years of age independently evaluated the blank ODFs on 

mouthfeel, namely stickiness to the tongue or palatal. The mouthfeel was considered as 

good if the ODFs stuck to the tongue or palatal immediately. The mouthfeel was considered 

moderate if the ODFs stuck to the tongue or palatal, but could easily be removed by gentle 

tongue movements. ODFs that did not stick to the tongue or palatal but floated around in 

the mouth were considered as bad. 

Based on the results obtained a decision was made which casting height and which 

combination of layers was eligible for further research. 

 

Scanning electron microscopy 

Scanning electron microscopy (SEM) was used to image the bilayered ODFs. The SEM 

images, with a magnitude of 1000 times, were obtained with a JSM 6301-F microspore (JEOL, 

Japan) at an acceleration voltage of 10 kV. 
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Results and discussion 

 

From a previous study (7) we learned that some APIs decreased the viscosity of the casting 

solution and negatively influenced the mechanical properties (strength) of the prepared 

ODFs upon increasing their load. This effect was particularly striking for enalapril. Enalapril in 

low doses is used in the treatment of hypertension in paediatrics. Paediatrics is a typical area 

were ODFs may find a place as extemporaneously prepared dosage forms.  

Using SCS, good quality ODFs were obtained with 1 mg enalapril. However, a load of 2 mg 

enalapril led to SCS of which the viscosity was too low for casting (7). Each increment in 

enalapril load required the addition of extra film forming polymer to the casting solution. 

This phenomenon is a recognized hurdle in the development of new ODF formulations (4, 7). 

Below, the results of the influence of enalapril on the casting solution are discussed. 

 

Influence of pH on gel formation 

First, gel formation of HPMC and carbomer 974P, the film forming agents used in SCS, was 

determined at various pH values in the range between 1 and 9. The effect of the pH change 

on the viscosity and appearance of the casting solutions pH1 and pH2 (see table 1 for 

composition) was judged upon observation. The results are listed in table 3. 

 

Table 3 
Effect of pH change on the viscosity of casting solutions pH1 and pH2 (table 2) judged upon 
observation. 

pH Casting solution pH1 Casting solution pH2 

1 Milky and liquid  Milky and liquid 
3 Clear and viscous Milky and liquid 
5 Clear and viscous Slightly viscous  
7 Clear and viscous Clear and viscous 
9 Clear and viscous Clear and viscous 

 

 

The viscosity of the casting solution containing HPMC as film forming polymer (pH1) 

increased from pH 1 to 3. Upon further pH increase no viscosity change was seen. The 

viscosity of the casting solution containing carbomer 974P as film forming agent (pH2) 

increased more gradually. This is explained by the fact that carbomer has a limited solubility 

at lower pH values and the anionic polymers in carbomer 974P will expand upon 
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neutralization which results in an increase in viscosity (18, 19). Complete neutralization was 

reached at pH 7. At higher pH no further increase in viscosity was observed. 

According to literature carbomer hydrogels need a pH of at least 6.5 for gel formation (18). 

We found that gel formation already starts at a pH around 5 but that the maximal viscosity 

was reached at a higher pH, around 6.5. Upon further increasing the pH no viscosity change 

was observed. 

 

Influence of enalapril on gel formation, pH and viscosity 

To determine the influence of an increased dose of enalapril on gel formation of casting 

solution B0 the pH of the casting solution was set with hydrochloric acid or trometamol at pH 

4, pH 5, pH 6 or pH 7. 

The casting solutions with a pH of 6 or 7 where so viscous that air bubbles could not be 

removed and the viscosity could not be measured. These solutions were excluded from 

further research and the influence of enalapril was therefore only explored on the casting 

solutions with a pH of 4 and 5. After addition of enalapril the viscosity decreased dose-

dependently.  

 

To investigate the effect of enalapril on the pH of casting solutions A, B and SCS, a high dose 

(see table 4) of the API enalapril per ODF was added. Enalapril maleate has a pKa of 2.97 (the 

carboxyl group) and a pKa of 5.35 (the amine group) (20). A pH of 3.09 was found for an 

enalapril concentration of 1 mg/mL in water. With increasing concentration of enalapril a 

dose dependent reduction on the pH for casting solutions A, B and SCS was measured (table 

4). 

The effect of enalapril was particularly obvious in case HPMC alone was used as the film 

forming agent. Besides, addition of enalapril reduced the viscosity of casting solution A and 

to a greater extent of casting solution B (see figures 3 and 4).  

 

The influence of additions to HPMC gels on the viscosity has been described in literature. 

HPMC is non-ionic soluble cellulose ether and ions are known to reduce the viscosity of 

aqueous cellulose ether solutions by reducing the hydration of the cellulose ethers (15, 20, 

21). The viscosity of carbomer gels may be influenced by the addition of an API. The API may 

interact with the cross-linking of the carbomer gels or influence the pH of the casting 
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solution thereby negatively influencing the gel formation. The Newtonian properties of 

casting solution A and the pseudoplastic behaviour of casting solution B were not influenced 

by the addition of enalapril. 

 
Table 4 
Effect of enalapril on pH of the casting solutions A, B and the standard casting solution (SCS). 
Enalapril (mg) pH casting solution A* pH casting solution B* pH SCS 

0 7.28  3.20 6.33 
10 7.14 3.16  6.28 
25 6.68 3.15 6.22 
50 5.70 3.04 6.12 
*Casting solution A contains HPMC and casting solution B contains carbomer 974P as viscosity enhancer, the 
standard casting solution contains HPMC as well as carbomer 974P. 

 

 

 
Figure 3 
Influence on viscosity after adding enalapril to casting solution A. 
 

 
Figure 4 
Influence on viscosity after adding enalapril to casting solution B.  
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Increasing the drug load by increasing the casting height 

As first option to increase the enalapril load of an ODF without encountering the problems 

related to viscosity reduction the casting height was increased. The UV measurements 

showed that the enalapril content of ODFs cast with a casting height of 1 x 1000 µm was 

1.06 ± 0.01 mg, and the content of ODFs cast with a casting height of 1 x 2000 µm was 1.49 ± 

0.04 mg, using the same enalapril solution. Thus, despite doubling the casting height no 

doubling of the enalapril content was found. Increasing the casting height does not lead to a 

linear increase of the drug load when an Erichsen coatmaster 510 is used. According to the 

manual of the equipment a difference between the wet, cast and dry thickness of a film 

produced with it has to be taken into account. These differences can be avoided by adding 

about 30% extra API (23). This implies that for every casting height applied the amount of 

API needs to be calculated and adapted accordingly. For each casting height a new casting 

solution needs to be developed and validated. 

 

Increasing the drug load by the application of a bilayered ODF 

To increase the enalapril load bilayered ODFs were produced using the double-casting 

method. The API content of a single layer (SCSen, 1 x 1000 µm) was measured to first confirm 

the API content of a single layer (see section ‘increasing the drug load by increasing the 

casting height’). 

Subsequently the bilayered ODF (SCSen, 2 x 1000 μm) was produced with the double-casting 

method as described in section ‘preparation of the bilayered ODFs’.  

The bilayered ODFs were homogeneous, flexible and the layers attached properly. UV 

measurement showed that the ODFs contained an average of 2.05 ± 0.05 mg enalapril 

(n = 12). This confirms that the drug load can easily be increased by a bilayered ODF. 

 

Compatibility of film forming agents and characterization of bilayered ODFs 

Bilayered ODFs were produced by making combinations of the casting solutions (table 2) 

using a casting height of 2 x 500 µm, 2 x 1000 µm, 2 x 1500 µm and 2 x 2000 µm. The 

mouthfeel was evaluated by the small panel of volunteers. The thickness, disintegration time 

and mechanical properties of the ODFs were measured.  

The results are listed in tables 5 and 6.  
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The compatibility of different polymers for the production of a bilayered ODF was evaluated.  

Preis et al. found that a precondition for double-casting is that the first layer has to be 

completely dry before casting the second layer. If the first layer was tacky and the second 

layer was cast on top, a mingling of the layers was observed (15). This phenomenon was also 

seen in our experiments. Thus, complete drying of the first layer is of significant importance.  

Preis et al. reported that the ability to form homogeneous bilayers may depend on the 

polymers used (15). We also found that not all combinations of film forming agents were 

compatible. Besides, the sequence in which the solutions were cast (as first layer or as 

second layer) influenced the appearance of the ODFs. 

The ODFs prepared with two layers of SCS were homogeneous and flexible. Using casting 

solutions based on HPC or HEC as the second layer and SCS as first layer, thinner and more 

flexible ODFs were obtained. 

 

Table 5 
Compatibility of film forming agents in bilayered ODFs (see table 2 for compositions of the casting 
solutions). 

Second layer → 
First layer ↓ 

SCS HPC SA HEC 

SCS +* + - + 
HPC + + + + 
SA - - + - 
HEC + + + + 
SCS = standard casting solution, HPC = hydroxypropyl cellulose, SA = sodium alginate, HEC = hydroxyethyl 
cellulose 
* + = compatible; - = not compatible 
 

 

SA as the first layer was not feasible, except when a second layer SA was cast on top of the 

first SA layer. The SEM image shows no transition between two layers of SA (see figure 5). 

The combination with the other casting solutions yielded ODFs with cracks and the second 

layer did not attach to the first layer. SA was not feasible as second layer cast on top of SCS 

either. The SEM image shows that the layers did not attach to each other properly (see 

figure 5). In contrast to our findings Juliano et al. found that SA is applicable as one of the 

layers in a bilayered film. The authors developed a bilayered film with the combination SA 

and HPMC (14). However, no information was provided about the attachment of the layers. 

Application of two layers of SA yielded ODFs with a very smooth surface, which made it 
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impossible to measure the mechanical properties. The ODFs slipped between the clamps of 

the Instron apparatus. Besides, the mouthfeel of these ODFs was less favourable in terms of 

stickiness. The incompatibility of SA with the other layers may be ascribed to the capacity of 

SA to take up water. This first results in some water uptake from the second layer upon 

combining the layers and subsequently to evaporation of water. Based on the results 

obtained, bilayered ODFs with SA were excluded from further research. 

 

  

Figure 5 
SEM images of a bilayered SA-SA film (left) and SCS-SA film (right). 

 

HPC as the second layer unexpectedly displayed holes. This might be caused by irregular 

evaporation of the solvent. The holes may also be caused by a high surface tension of the 

cast solution. Addition of a surfactant might be necessary to lower the surface tension. 

However, a further point of attention is that each single excipient may influence the casting 

solution as well as the stability of the API, which boils down to the conclusion: ‘less is better’, 

and would therefore be a reason to reject the use of HPC-based casting solutions.  

Another disadvantage of the HPC-based casting solution is the long drying time needed 

(about 8 h, instead of the usual 1.5 h). Only the ODFs with HPC and without visible 

imperfections were included for further testing of quality related parameters. 

 

Bilayered ODFs prepared with a casting height of 2 x 1500 µm or 2 x 2000 µm yielded thick 

ODFs with unpleasant mouthfeel and were excluded from further research. The remaining 

and suitable bilayered ODFs prepared with a casting height of 2 x 500 µm or 2 x 1000 µm 

were tested on mouthfeel, thickness and mechanical properties and disintegration time. The 

results are listed in table 6. 

 



 

 

Table 6 
Characterization of bilayered ODFs with a casting height of 2 x 500 µm and 2 x 1000 µm, given are means ± SD. 

Combination 
and casting height 

Tensile strength 
(N/mm2) 
(n = 6) 

Youngs Modulus 
(N/mm2) 
(n = 6) 

Elongation at break 
(%) 
(n = 6) 

Thickness 
(µm) 
(n = 20) 

Mouthfeel 
(stickiness)* 

Disintegration time 
(s) 
( n = 5) 

SCS/SCS 
2 x 500 µm 
2 x 1000 µm 

 
3.8 ± 1.2 
4.2 ± 0.8 

 
505.3 ± 16.9 
315.2 ± 27.6 

 
15.3 ± 5.0 
25.4 ± 5.5 

 
61.7 ± 6.5 
125.0 ± 8.0 

 
+ 
± 

 
18.7 ± 1.2 
79.4 ± 16.8 

SCS/HPC 
2 x 500 µm 
2 x 1000 µm 

 
2.3 ± 0.1 
2.6 ± 0.2 

 
268.0 ± 65.7 
250.6 ± 25.0 

 
14.9 ± 2.8 
25.3 ± 4.1 

 
63.6 ± 9.2 
129.4 ± 6.6 

 
+ 
+ 

 
19.5 ± 2.1 
79.3 ± 14.7 

SCS/HEC 
2 x 500 µm 
2x 1000 µm 

 
2.5 ± 0.3 
3.1 ± 0.2 

 
291.6 ± 63.0 
344.7 ± 27.8 

 
21.5 ± 3.4 
27.8 ± 3.4 

 
47.9 ± 2.6 
99.0 ± 36.3 

 
- 
- 

 
23.9 ± 3.7 
206.3 ± 32.5  

HPC/SCS 
2 x 500 µm 
2 x 1000 µm 

 
2.9 ± 0.3 
3.8 ± 0.3 

 
321.1 ± 44.7 
308.2 ± 23.4 

 
16.3 ± 2.1 
27.1 ± 4.0 

 
65.2 ± 5.2 
120.6 ± 13.6 

 
+ 
- 

 
19.5 ± 2.1 
79.3 ± 14.7 

HPC/HPC 
2 x 500 µm 
2 x 1000 µm 

 
0.6 ± 0.2 
1.8 ± 0.2 

 
42.2 ± 19.5 
145.1 ± 12.2 

 
59.4 ± 25.5 
44.8 ± 5.6 

 
79.7 ± 13.2 
117.9 ± 9.7 

 
± 
± 

 
17.5 ± 1.6 
55.4 ± 7.9 

HPC/HEC 
2 x 500 µm 
2 x 1000 µm 

 
1.5 ± 1.0 
2.3 ± 0.3 

 
185.6 ± 41.5 
167.0 ± 21.5 

 
62.5 ± 12.9 
70.8 ± 10.1 

 
64.1 ± 15.0 
81.52 ± 15.5 

 
- 
- 

 
28 ± 2.8 
83.4 ± 10.3  

HEC/SCS 
2 x 500 µm 
2 x 1000 µm 

 
2.0 ± 0.8 
3.2 ± 0.5 

 
400.3 ± 95.9 
332.2 ± 43.6 

 
25.1 ± 4.6 
29.2 ± 4.6 

 
45.3 ± 11.3 
98.3 ± 11.8 

 
- 
- 

 
23.9 ± 3.7 
206.3 ± 32.5 

HEC/HPC 
2 x 500 µm 
2 x 1000 µm 

 
1.3 ± 0.1 
2.2 ± 0.1 

 
95.5 ± 15.0 
117.9 ± 13.9 

 
82.6 ± 9.0 
103.8 ± 12.5 

 
44.1 ± 3.3 
103.2 ± 5.7 

 
- 
- 

 
28 ± 2.8 
83.4 ± 10.3 

HEC/HEC 
2 x 500 µm 
2 x 1000 µm 

 
2.1 ± 1.3 
3.3 ± 0.7 

 
334.8 ± 25.0 
191.9 ± 25.0 

 
108.8 ± 16.2 
129.6 ± 2806 

 
26.4 ± 4.8 
66.8 ± 13.2 

 
- 
- 

 
20.8 ± 1.4 
72.4 ± 5.3 

* Judgment according to the test panel: + = good; ± = moderate; - = bad.  
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In literature requirements for mechanical properties of only single layer ODFs are described, 

requirements for bilayered ODFs are lacking so far. 

 

According to the Ph. Eur. 9th edition ODFs should “possess suitable mechanical strength to 

resist handling without being damaged” (1). Hoffmann et al. translated these requirements 

into preferred mechanical properties for single layer ODFs as follows: single layer ODFs 

should possess a moderate high tensile strength, low Young’s modulus and high elongation 

at break (2). In a previous study we defined these requirements for single layer ODFs, cast 

with the standard casting solution, as a tensile strength of at least 2 N/mm2, a Young’s 

modulus of less than 550 N/mm2 and an elongation at break of more than 10 % (24). 

 

Bilayered films are thicker than single layer films. This will influence the mechanical 

properties leading to a higher tensile strength. Besides, thicker films are less flexible (25). 

Lindert and Breitkreutz also stressed that there are no critical requirements for mechanical 

properties proposed by the regulatory authorities (25). Hence, the requirements as 

proposed in our previous study (24) may also be applicable for bilayered ODFs taking into 

account that the use of different polymers will give ODFs displaying different mechanical 

properties. These requirements may function as a starting point for determining standards 

for bilayered ODFs. 

An important requirement for adequate measuring of the mechanical properties of bilayered 

ODFs is that the layers attach properly and stay attached during storage. Besides, a strong 

attachment of the different layers is also a precondition for suitable handling properties, 

physical stability of the dosage form and patient acceptance.  

 

Most bilayered ODFs (except the combination HPC/HPC) produced with the double-casting 

method and cast with a casting height of 2 x 1000 µm as listed in table 6 were of good 

quality and within the proposed limits for mechanical properties. The ODFs cast with a 

casting height of 2 x 500 µm were thinner, displayed a lower tensile strength, a lower 

elongation at break and the majority displayed a higher Young’s modulus. The measured 

tensile strength was very low in a few combinations of polymers. This implies that these 

ODFs will break more easily, which is unfavourable in terms of handling properties.  
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Only a few combinations displayed a good to moderate mouthfeel, namely the combinations 

SCS/SCS, SCS/HPC (or HPC/SCS) and HPC/HPC. The other combinations floated around in the 

mouth which is unfavourable in terms of patient acceptance. Children might spit out, chew 

on or even choke on the dosage form. 

 

The combination SCS/HEC (or HEC/SCS) yielded ODFs with a disintegration time longer than 

3 min. This is also unfavourable in terms of patient acceptance. The disintegration time 

should be less than 180 s according to the Ph. Eur. 9th edition, monograph 0478, dispersible 

tablets (1). 

 

All bilayered ODFs tested in this study met the requirement of the Ph. Eur. uniformity of 

mass with an average mass of 50 mg. 
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Conclusions 

 

The properties of SCS, which contained HPMC and carbomer as film forming agents, were 

negatively affected by an increased enalapril load. Enalapril dose-dependently reduced the 

viscosity of SCS on the one hand by causing a salting-out effect and on the other hand by 

influencing the pH. 

 

To increase the enalapril load and to circumvent these viscosity problems, the feasibility of a 

bilayered ODF consisting of two layers SCS was investigated. 

In conclusion, it is possible to prepare a good quality bilayered ODF consisting of two layers 

SCS using the double-casting method. This opens perspectives for the preparation of ODFs 

with a higher drug load using the solvent casting method. 

 

Theoretically, for the preparation of a bilayered ODF two layers of different polymers can be 

used. From our results it became clear that not every combination of polymers leads to an 

acceptable bilayered ODF. The sequence in which the layers are cast influences the 

appearance of the bilayered ODFs. 

 

In conclusion, the best formulations can be produced with the polymer combinations 

SCS/SCS and SCS/HPC. These combinations display good mechanical properties, acceptable 

mouthfeel and disintegration time. 
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Abstract 

 

This study focused on the incorporation into orodispersible films (ODFs) of 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).  

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

with either hypromellose (HPMC) with carbomer 974P or hydroxypropyl cellulose (HPC) as 

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 containing HPMC with carbomer 974P. For extracts of LS, PN and 

high doses of PM extract HPC was most 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. Good products were obtained with 5 mg and 10 mg of each extract. 

The quality of the produced ODFs was tested organoleptically, and characterized by 

determination of uniformity of weight, thickness, disintegration time, surface pH, 

crystallinity, mechanical properties, water content, residual ethanol, dynamic vapour 

sorption, physical stability and control of the qualitative profiling of extract composition in 

the film. Thin layer chromatography indicated that all five extracts remained chemically 

unaffected during ODF production.  

In conclusion, ODFs are a suitable novel dosage form for herbal extracts, provided that 

tailor-made formulations are developed for each extract and each dose.  
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Introduction 

Orodispersible films (ODFs) are a novel advanced pharmaceutical dosage form targeted 

especially for geriatric and pediatric patients (1). Various studies have been published on 

ODFs containing active pharmaceutical ingredients, but literature on the incorporation of 

dried herbal extracts in ODFs is scarce. Up to now ODFs containing herbal extracts are used 

limitedly, as over the counter medicine used for the treatment of local diseases such as 

mouth ulcers (2 – 4). 

 

Indonesian traditional herbal medicine, also known as jamu, is very popular and broadly 

used in this country to treat and to prevent diseases. In addition, several Indonesian herbal 

medicines have been elevated beyond the status of jamu and became Standardized Herbal 

Medicine as well as fitofarmaka (phytomedicines, Indonesian for herbal medicinal products), 

as regulated by the Indonesian Food and Drug Administration. The common dosage forms 

for oral administration of jamu are tablets, pills, powders, pastilles and capsules (5, 6). ODFs 

are an interesting alternative dosage form especially for patients who have difficulty in 

swallowing, and patients who suffer from diseases such as gastrointestinal disorders, 

migraine, and central nerve system-associated ailments. Furthermore, ODFs have high dose 

flexibility and are suitable for intraoral drug delivery. 

 

The aim of our study was the incorporation of dried plant extracts into ODFs. Extracts of five 

selected Indonesian medicinal plants were used, namely Lagerstroemia speciosa (L.) Pers. 

(LS), Phyllanthus niruri L. (PN), Cinnamomum burmanii Blume (CB), Zingiber officinale Roscoe 

(ZO) and Phaleria macrocarpa (Scheff.) Boerl. (PM). 

 

Table 1 lists detailed information about the extracts. In Indonesia LS is commonly used to 

improve the metabolism of the body and to treat diseases like diabetes mellitus type 2 and 

obesity (7 – 9). PN has a long tradition in Indonesian jamu as an herb against hepatitis 

infection. It is used for the treatment of kidney stones in the South American countries, and 

is therefore called ‘stone breaker’ (10, 11). However, in Indonesia PN has been studied 

clinically as an immunomodulatory agent against mycobacterial infections such as 

tuberculosis. CB has anti-inflammatory and antibacterial activity. It is traditionally used to 

treat gastrointestinal tract disorders (12, 13). Recently CB has been characterized 
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molecularly as having a mechanism of action similar to that of a proton pump inhibitor to 

treat hyperacidity (14). There are several varieties of ZO which are used as spices, as dietary 

supplements or as herbal medicine to prevent nausea and vomiting in motion sickness (9, 

13). PM is used to treat premenstrual syndrome and dysmenorrhea (15). It also has an 

antihyperglycemic effect and cytotoxic activity (16 – 18). 

 

The five extracts used in the current study were selected based on their popularity in 

Indonesia and on the availability of extracts of which origin and manufacture are well 

documented by Dexa Laboratories of Biomolecular Science (DLBS), Indonesia. Furthermore, 

we strived to include extracts from different plant organs and extracts with different groups 

of secondary metabolites as major constituents. The extracts have also been chosen because 

of the existing scientific support for the preclinical and clinical evidences and because of the 

technologically advanced method of production to provide a reproducible extract. 

Furthermore, this advanced development is in accordance with Indonesian Government 

policy to promote jamu and to bring the Indonesian herbal medicine into the direction of 

more evidence-based medicine. 

  



 

 

Table 1 
Information about the extracts and extract products in Indonesia by Dexa Laboratories of Biomolecular Science (DLBS). 

Plant name, 
author name and 
family plus 
Abbreviation 
used 

Indonesian 
name 

Plant part 
used 

Excipients 
added to 
extract 
(filler) 

Main functional ingredients Brand name in Asia, indication, dose and 
dosage form 

References 

Lagerstroemia 
speciosa (L.) Pers. 
Lythraceae 
(LS) 

Bungur 
 

Leaf - Tannins, alkaloids, sterols, 
triterpenes, ellagic acid 

Herbafit (not on the market yet), to 
improve the metabolism in the body: 100 
mg 1– 2 times a day (capsule) 

8, 9, 19  

Phyllanthus niruri 
L. Euphorbiaceae 
(PN) 
 

Maniran Herb - Alkaloids, flavonoids, lignans, 
triterpenes, sterols and volatile 
oil 

Stimuno, to improve the immune system: 
50 mg 1 – 3 times a day (capsule) 

10, 11  

Cinnamomum 
burmannii Blume 
Lauraceae 
(CB) 
 

Kayu manis Stem - Cinnamic aldehyde, eugenol, 
benzaldehyde, coumarin 

Redacid, to relieve hyperacidity (peptic 
ulcer): 250 mg 1 – 3 times a day (capsule) 

12, 13 

Zingiber officinale 
Roscoe 
Zingiberaceae 
(ZO) 
 

Jahe 
 

Rhizome 76.5% MCC*, 
8.5% silicon 
dioxide 

Volatile oils, phenols (gingerols, 
shogaols, zingerone, paradole) 

HerbaVomitz, to treat and prevent nausea 
and vomiting: 150 mg 1 – 2 times a day 
(tablet) 

9, 13, 20 

Phaleria 
macrocarpa 
(Scheff.) Boerl. 
Thymelaceae 
(PM) 

Mahkota 
dewa 

Pericarp 5% 
β-
cyclodextrin  

Flavonoids (kaempferol, 
myricetin), naringin, rutin 

Dismeno, to relieve pain during 
menstruation (dysmenorrhoea) and 
endometriosis: 100 mg 1 – 3 times a day 
(capsule) 

15 – 19, 21  

* MCC = microcrystalline cellulose 
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Materials and methods 

 

Materials 

 

Plant extracts 

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

Blume (CB), Zingiber officinale Roscoe (ZO) and Phaleria macrocarpa (Scheff.) Boerl. (PM) 

were provided by DLBS, Dexa Medica, Cikarang, Indonesia. All proprietary extract materials 

were produced in a cGMP-certified production plant using SPX e&e Series Extraction Plants 

(SPX Flow Technology Warendorf GmbH, Warendorf Germany), see also section ‘plant 

materials and preparation of the extracts’. 

 

ODFs base materials 

Aerosil 200 (silicon dioxide), carbomer 974P, disodium edetate (EDTA), glycerol 85% and 

trometamol were obtained from Fagron, Capelle aan den IJssel, the Netherlands. 

Hypromellose 3000 mPa·s (HPMC) provided by from Colorcon, Kent, UK. Hydroxypropyl 

cellulose (HPC) was obtained from Hercules, Wilmington, USA. Benzalkonium chloride was 

obtained from Bufa, IJsselstein, the Netherlands. Sucralose was obtained from Sigma-

Aldrich, St. Louis, USA. Strawberry, lemon and golden flavour were provided by Firmenich, 

Geneva, Switzerland. All other excipients and chemicals were of analytical grade. 

 

Methods  

 

Plant materials and preparation of the extracts 

The dried plant material of all five plants used in the study was macerated in hot water 

(60 °C – 90 °C) for 1 – 2 h. Plant material and aqueous extract were separated by filtration. 

The extract was then vacuum evaporated using a rotary evaporator at 60 °C – 80 °C. The 

concentrate was further processed through liquid – liquid extraction using dichloromethane 

at a ratio of 1:2 to separate from undesired organic components. Subsequently, the water 

phase was collected and then evaporated using a rotary evaporator at temperatures of 

50 °C – 120 °C depending on the extract to obtain the final dry extract. 
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Preparation of the casting solution and ODFs 

As starting point the casting solution as recently developed (22) was used, further referred 

to as ‘the standard casting solution’. 

The solution consisted of the film forming agents HPMC (9.81 g) and carbomer 974P (0.45 g), 

the plasticizer glycerol (1.2 g), the excipients disodium EDTA (0.045 g) and trometamol (0.45 

g) and water up to 100 g as the solvent. Disodium EDTA was used to bind calcium and 

magnesium ions that interfere with the cross-linking in carbomer 974P gels, thereby 

improving the viscosity enhancement. Trometamol was used to neutralize the carboxylic 

acid groups of carbomer 974P resulting in gel formation. 

 

Based on the results with the standard casting solution adaptions in the formulation were 

made to improve the casting solution and the ODFs prepared thereof (see section 

‘evaluation of the casting solution and the ODFs’). The film forming agents, extract and 

relevant excipients were dissolved in water or in a water-glycerol mixture under constant 

stirring at 1000 rpm using a magnetic bar. If necessary, the extract was first dissolved in 

ethanol 96% (see results, table 4). After a clear solution had been obtained, stirring was 

continued at 50 rpm overnight to remove entrapped air bubbles. The solution was then cast 

onto a release liner (Primeliner® 410/36, Loparex, Apeldoorn, the Netherlands) with a 

quadruple film applicator using a casting height of 1000 μm and a casting speed of 10 mm/s. 

The release liner was fixed to the film applicator (Erichsen, Hemer, Germany) by vacuum 

suction. Subsequently, the film layer was dried at 30 °C during 1.5 – 9 hours depending on 

the formulation used and ambient relative humidity. After drying, the films were punched 

using an Artemio perforator (Artemio, Wavre, Belgium) in squares of 1.8 x 1.8 cm, yielding 

stamp-shaped ODFs. 

 

Evaluation of the casting solution and the ODFs 

An amount of extract was added to the standard casting solution to yield ODFs containing 5 

mg extract per ODF. Various tests were performed on the casting solution and on the ODFs 

prepared thereof. The casting solutions containing the various extracts were judged on their 

suitability to form ODFs. The appearance, flexibility, handling properties, disintegration time 

after application on the tongue, mouthfeel and taste of all prepared ODFs were evaluated by 

a test panel as described recently (23). Five volunteers in the age between 20 and 60 years 
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evaluated the ODFs on mouthfeel and taste. Taste masking of the herbal ODFs was carried 

by applying a combination of sucralose with tastes of strawberry, lemon or golden flavour 

(see results, table 4). The same test panel judged whether the taste was sufficiently masked. 

The requirements mentioned in table 2 were used for the different parameters. 

 

Table 2 
Quality requirements applied to the casting solution with herbal extract and to ODFs prepared 
thereof. 
Parameter Requirement 

Casting solution No formation of lumps or precipitates and suitable 
viscosity  

Appearance ODF Smooth non gritty, uniform colour 
Flexibility ODF Easy to bend, no breaking 
Disintegration in mouth ODF <180 s 
Mouthfeel ODF Immediate stick to the tongue or palatal 
Handling properties ODF Removal from release liner without breaking 

 

In case the casting solution was considered suitable, the amount of extract was increased in 

steps of 5 to 10 mg per ODF until the maximum achievable extract load was achieved. In 

case the casting solution or the ODFs prepared thereof were considered unsuitable, the 

formulation was adjusted by using a different film forming agent, i.e. HPC, by adding a co-

solvent, by adjusting the amount of glycerol or by adding benzalkonium chloride or silicon 

dioxide. All ODFs were sealed in plastic and stored in the dark before further testing as 

described in section ‘surface pH’ to ‘thin layer chromatography’. All tests were performed 

ultimately within two days after preparation of the ODFs.  

 

Surface pH 

The surface pH was measured using a pH meter (Consort R735, Turnhout, Belgium) with a 

universal pH electrode (type 662-1772, VWR Pennsylvania, USA).  

The ODFs (n = 3) were allowed to swell in 1 mL of distilled water (± 20 °C) for 2 h. 

Subsequently, the electrode was brought in contact with the surface of the ODF and allowed 

to equilibrate for 1 min before the surface pH was measured. 

A pH range between 4 – 8 is considered to be acceptable (24 – 26).  
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Thickness 

A micro-screw meter (Mitutoyo, Neuss, Germany) was used to measure the thickness of the 

ODFs (n = 20) at five different points: in the corners and in the middle of the prepared film. 

 

Disintegration 

The disintegration time was measured using the method as described recently (23). The 

ODFs (n = 5) were clamped in an arm which moved up and down at a frequency of 30 ± 1 

cycles per minute, over a distance of 55 ± 2 mm in 700 mL purified water of 37 °C ± 2 °C. The 

time at which complete dissolution had occurred was considered as the disintegration time. 

The disintegration time was measured immediately after preparation of the ODFs and after 

18 months of storage sealed in plastic bags under dry, dark conditions at ambient 

temperature. Analogously to tablet or capsule disintegration, this was judged by visual 

inspection. Since there are no limits concerning disintegration time of ODFs the commonly 

used requirements for orodispersible tablets (ODTs) were used in our study. The 

disintegration time should be less than 30 s according to the guidance for industry for orally 

disintegration tablets as set by the Food and Drug Administration (FDA) or less than 180 s 

according to the Ph. Eur. 8th edition, monograph 0478, dispersible tablets (27, 28).  

 

Loss on drying 

The water content was measured using an infrared moisture analyser (Moisture analyser 

MA40, Sartorius Göttingen, Germany). Per extract load approximately 1.5 gram of ODFs 

were weighted and subsequently heated at 105 °C for at least 90 min until equilibrium in 

mass was reached. Loss on drying was the difference (in %) in mass between the initial 

weight and the final weight at equilibrium. There are no requirements concerning residual 

moisture in the Ph. Eur. 8th edition for ODFs.  

 

Uniformity of mass 

Uniformity of mass was determined according to the Ph. Eur. 8th edition: uniformity of mass 

for single-dose preparations (method 2.9.5) on which also the requirements were based 

(28). Twenty randomly chosen ODFs were weighted individually on an analytical balance. 

Subsequently the average mass and weight variation were calculated.   
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Mechanical properties 

An Instron series 5500 load frames with a load cell of 100 N (Instron, Norwood, USA) was 

used to analyse the mechanical properties of the ODFs. Samples were cut using a stamp into 

a bone shape according to ISO-527 (plastics – determination of tensile properties) (29). A 

minimum of 6 samples per ODF formulation were tested. The ODFs were fixed between two 

clamps which were subsequently moved away from each other with a crosshead speed of 50 

mm/min until tearing or breakage of the ODFs. The tensile strength (N/mm2) is the 

maximum force applied to the ODF until tearing or breakage and was calculated using 

equation 1 (4, 30).  

 

Tensile strength = load at auto break x 100/ cross-sectional area of the film   (1) 

 

Young’s modulus, also known as elastic modulus (N/mm2), defines the stiffness of the ODF 

and was calculated using equation 2 (4, 31). 

 

Young’s modulus = slope of stress-strain curve/ (film thickness x cross-head speed) (2) 

 

Elongation at break (%) is defined as the elongation of the ODF when force is applied and 

was calculated using equation 3 (4, 31). 

 

Elongation at break = increase in length/ initial film length x 100     (3) 

 

Dynamic vapour sorption  

A dynamic vapour sorption analyser (DVS-1000 water sorption instrument, UK) was used to 

measure the water sorption isotherms for ODFs containing 5 and 10 mg of extract per ODF. 

Measurements were performed at ambient pressure and a temperature of 25 °C. For each 

experiment 20 – 40 mg ODFs were used. The ODFs were dried at 0% relative humidity (RH) 

until constant weight was achieved (change in weight less than 0.0005 mg during 10 min). 

Subsequently, the RH was raised with increments of 10%, from 0 – 90%, each step until 

constant weight was achieved. 
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Measurement of residual ethanol 

A headspace gas phase chromatography (Agilent Technologies 7890 GC system, Amstelveen, 

the Netherlands) was used to measure the ethanol content of ODFs containing 10 mg of 

extract under the following conditions: column, J&W scientific DB-wax (30 m x 0.53 mm: film 

thickness 1 µm). Oven and detector (FID) temperature were set at 80 and 300 °C, 

respectively; and the carrier gas was N2. Ethanol content was measured of freshly prepared 

ODFs. The ODFs were dissolved in 500 µL water in a 10 mL caped sample vial. The solution 

was warmed to 65 °C and samples of 500 µL were injected directly into the injection port 

with a syringe (injection temperature: 80 °C). The ethanol content of the ODFs was 

measured in duplicate and measurements were corrected for blank measurements. Results 

were calculated from a calibration line with reference aqueous ethanol solutions. The 

casting solution for ODFs containing 10 mg extract contained 10 to 30 % ethanol as co-

solvent (as % of the total water amount, approximately 10 – 30 mg ethanol per ODF) before 

drying. 

 

X-Ray Powder Diffraction 

X-Ray Powder Diffraction (XRPD, Bruker, Delft, the Netherlands) was used to visualize 

crystallinity of the extracts as well as the ODFs prepared thereof (n = 1 per extract). The ODF 

samples were cut into small pieces and placed into the sample holder. The samples were 

scanned at a diffraction angles range from 5° tot 60° 2θ, with an angular step width of 0.004 

2θ and a scanning rate of 1 s. 

 

Thin layer chromatography 

Thin layer chromatography (TLC) was used to evaluate and to compare qualitative profiling 

of the extracts and the ODFs prepared thereof. The profiling of the extract ZO was 

determined according Ph. Eur. 8th edition, method 2.2.27 (28). The extracts LS, PN, CB and 

PM were determined according to the procedures developed by DLBS. 100 to 200 mg of 

herbal extract (as provided by DLBS) was extracted with 5 – 10 mL methanol or ethanol (70 

% v/v), depending on the herbal extract (see table 3), in an ultrasonic bath for 10 min. The 

extract was subsequently filtered over filter paper, the residue was flushed with 2 – 4 mL of 

extraction fluid and combined with the filtrate. The solution was evaporated to dryness at 
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room temperature and 1 mL of ethanol or methanol added to the residue. This sample was 

used for TLC. 

 

A quantity of ODFs corresponding to the amount of pure herbal extract used for the TLC 

analysis above was extracted with the same as the herbal extract. Solid phase extraction 

(normal phase) combined with vacuum suction was used to clean the herbal extracts from 

constituents of the ODFs. The solid phase column was flushed with 10 mL of extraction fluid 

and combined with the extract. The solution was evaporated to dryness at room 

temperature and the residue taken in 1 mL of methanol or ethanol. This sample was used for 

TLC. 

 

TLC was performed on silica gel 60 F254 plates (size 20 x 20 cm) in a chamber with saturated 

eluent atmosphere. The elution range was 8 cm. The experimental setup and the mobile 

phase are shown in table 3. The chromatograms were evaluated under ultraviolet light at 

254 nm, 366 nm and under visible light after spraying with 10% sulfuric acid. The profiles of 

the TLC chromatograms of the ODFs containing herbal extracts were compared to those of 

the herbal extracts as such.  

 

Table 3 
Measurement setup for TLC for ODFs containing extract. 

Extract Mobile phase 

LS (10% w/v in methanol) Toluene: ethyl acetate: formic acid: methanol  
(30:30:8:4 v/v/v/v) 

PN (10% w/v in methanol) Toluene: ethyl acetate: formic acid: methanol  
(30:30:8:4 v/v/v/v) 

CB (25% w/v in ethanol 70% v/v) 1-Butanol: acetic acid: water (5:2:2 v/v/v) 
ZO (20% w/v in ethanol 70% v/v) Hexane: ether (40:60 v/v) 
PM (40% w/v in ethanol 70% v/v) Chloroform: methanol (9:1 v/v) 
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Results and discussion 

 

Evaluation of the casting solution and ODFs prepared thereof 

The standard casting solution appeared to be unsuitable for any of the five extracts and its 

composition needed to be adjusted.  

ODFs prepared with the extract LS were too brittle. Both LS and PN formulated into ODFs 

elicited spots indicating inhomogeneous distribution of the extract in the ODF. Therefore, an 

alternative casting solution was developed containing a different film forming agent: HPC. 

With the extracts CB and PM the standard casting solution became highly viscous and could 

not be cast properly. Therefore the co-solvent ethanol was added. 

ODFs prepared with the extract ZO elicited white spots at the edges of the ODFs which were 

caused by the fillers in the extract (microcrystalline cellulose and silicon dioxide). For that 

reason the fillers were removed from the extract. This was achieved by dissolving the ZO 

extract in ethanol and separating the solution from the remaining filler by filtration. 

 

After the first evaluation and adjustment of the casting solution to produce ODFs with 5 mg 

of extract, the amount of extract was increased stepwise with increments of 5 mg to 

determine the maximum possible extract load. After each increment the casting solution and 

the ODFs prepared thereof were evaluated. For all extracts the casting solutions needed to 

be adjusted when the extract load was increased. In table 4 the adjusted composition of the 

respective casting solutions are listed. 

 

In case of LS, PN and CB the ODFs became too brittle with increasing extract load. Therefore 

an increasing amount of glycerol was added. However, ODFs with an extract load of 30 mg LS 

were sticky enough by themselves to adhere to the oral mucosa. They could be prepared 

without glycerol. To dissolve larger quantities of extract of LS, PN and CB and to reduce the 

viscosity of the casting solution some ethanol was added. In all cases the ethanol evaporated 

during the drying process. 

In case of ZO the casting solution displayed an unequal spread over the release liner with 

increasing extract load. Benzalkonium chloride was added to lower the surface tension and 

to obtain a better spread over the release liner. 
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In case of PM the standard casting solution was not suitable with increasing extract load. For 

that reason HPC was used as film forming agent. Ethanol was added to lower the viscosity of 

the casting solution. To obtain a better distribution of the extract in the final ODF some 

silicon dioxide was added. Visual inspection of the ODFs indicated that the extracts were 

homogeneously distributed. Figure 1 shows an example of ODFs containing 5 mg CB and 5 

mg ZO. 

 

 

Figure 1 
ODFs containing 5 mg CB (left) and 5 mg ZO (right). 

 

 

The maximum amount of extract that could be incorporated into an ODF varied for each 

type of extract. In case of LS and PN the maximum extract load was 30 mg per ODF. 

Increasing extract loads resulted in ODFs that did not stick to the tongue or palatal 

immediately (LS) or in ODFs that broke on removal from the release liner (PN). In case of CB 

the maximum extract load was only 15 mg per ODF. Increasing extract loads could not be 

dissolved which resulted in a casting solution with too high viscosity unsuitable for casting. 

In case of ZO the maximum extract load was 25 mg per ODF. Increasing extract loads 

resulted in ODFs that were brittle and broke during handling. In case of PM the maximum 

extract load was 20 mg per ODF. Increasing extract loads resulted in sticky films that could 

not be punched into the required size. 
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To increase the extract load per ODF the thickness or the surface area can be increased. 

However, this might negatively influence acceptance by the user. 

All extracts had a characteristic taste that was not always judged as pleasant. Therefore taste 

masking was considered. An increasing amount of sucralose was added with increasing 

extract load. The choice of the flavour (see table 4) was based on the taste of the respective 

extracts. LS, PN, CB and PM tasted bitter and ZO tasted spicy. The tastes ‘golden’ and 

‘strawberry’ were used to mask a bitter sensation, while ‘lemon’ was used to mitigate a spicy 

note. 

The addition of sucralose in combination with flavour sufficiently masked the (slightly) bitter 

taste of LS, PN, CB and PM. The volunteers in the test panel concluded that the taste of ZO 

was adequately masked, however, a slight tingling sensation was still felt. Although the 

perception of taste varies from person to person, the test panel concluded that the taste of 

ODFs containing herbal extracts was acceptable to good. 



 

 

Table 4  
Optimized composition of the casting solutions for the extracts. 
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 = carbomer 974P, Benz.Cl = benzalkonium chloride, SiO2 = silicon dioxide, S = sucralose, F = flavour, SC = standard casting solution. Water up to 100 gram for all 
formulations presented. 
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Characterization of the ODFs with varying extract loads 

The characteristics of the ODFs with varying extract loads are listed in table 5. 

 

Surface pH evaluation 

ODFs should not provoke mucosal irritation in the mouth especially when they are used on a 

daily basis.  

The surface pH of the ODFs containing CB or ZO decreased with increasing extract load. ODFs 

containing the extracts PN, LS and PM displayed an influence on the surface pH which was 

unpredictable in terms of extract load applied. It was probably due to different compositions 

of the casting solutions. However, all ODFs containing extracts were within the pH range 

between 4 and 8 as found acceptable in literature. 

 

Thickness and disintegration 

The thickness of the ODFs influences the disintegration time. The thicker the ODFs the 

longer the disintegration time will be. Furthermore, thicker films will lead to an unpleasant 

mouthfeel. 

In general an increased extract load led to an increased thickness of the ODFs and an 

increased disintegration time. However, the relationship between load thickness and 

disintegration time was not always predictable. 

For the ODFs containing the extracts ZO the disintegration time and thickness increased with 

increased extract load. This dose dependent increase was not seen in ODFs containing the 

extracts CB and PM (Note that the ODFs containing 5 mg PM per ODF contained the film 

forming agents HPMC and carbomer 974P while the ODFs containing 10 and 20 mg PM per 

ODF contained the film forming agent HPC). Although a dose dependent increase in 

thickness was observed, the disintegration time decreased. This can be explained by an 

increased brittleness of the ODFs with increasing extract load. 

 

For the ODFs containing the extract PN and LS an increase of the disintegration time and 

thickness was observed with increasing extract load, except for the ODFs containing 10 mg 

PN and LS per ODF. This may be caused by the addition of ethanol which evaporated 

completely, leading to thinner films and hence a faster disintegration time. This only seems 

to apply for the lower extract loads. In ODFs containing a higher extract load the increase of 
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thickness can be mainly ascribed to the enhanced extract load while the influence of fast 

evaporating ethanol comes on the second place. 

 

For all ODFs, containing one of the herbal extracts in different extract loads, the 

disintegration time immediately after preparation was well below the upper limit of 180 s as 

given as the criterion in the Ph. Eur. 8th edition. The disintegration time of the ODFs was also 

measured after 18 months of storage and compared to the disintegration time measured 

immediately after preparation. Although slight differences were seen, none was statistically 

different. This indicates that the ODFs were physically stable. Based on these results a 

preliminary shelf life of the ODFs of 18 months seems justified although further analysis of 

the stability of the herbal extract in the film should be advised. 

 

Loss on drying and uniformity of mass 

Loss on drying tests showed that the ODFs contained between 12 and 22% residual water. 

An increase in water content will result in an increased stickiness of the ODFs. This is 

unfavourable in terms of handling properties. Besides, a high water content will elicit the 

growth of micro-organisms (23). The amount of residual water was dose dependent in case 

of CB and ZO. For these extracts the film forming agents HPMC and carbomer 974P were 

used. This dose dependency of residual water was not observed in ODFs prepared with the 

film forming agent HPC. This apparent unpredictability can be due to the different casting 

solutions used containing different film forming agents for each extract and for each extract 

load. In ODFs prepared with ZO benzalkonium chloride was used to lower the surface 

tension. Besides as a surfactant benzalkonium chloride can be used as a preservative. The 

use of a preservative in ODFs is rarely mentioned in literature (32) but should be considered 

in case of a high water content or in case microbiological sensitive excipients are used, on 

the condition that the added amount is safe for oral intake. 

  

All ODFs met the uniformity of mass (UoM) requirements according to the Ph. Eur. 8th 

edition. Not more than two of the individual masses of the ODFs deviated from the average 

mass by more than 10% and none deviated by more than 20%. 
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Table 5 
Characterization of ODFs containing extracts with increasing extract load (mean ± SD). 

Extract Surface 
pH 
(n=3) 

Thickness 
µm (n=20) 

Disintegration 
time s, (n=5) 
shortly after 
preparation 

Disintegration 
time s, (n = 5) 
after 18 
months 

UoM  
mg (n=20) 

Loss on 
drying 
% (n=1) 

LS       
5 5.1 ± 0.02 102 ± 5 32 ± 4 30 ± 2 30.8 ± 1.9 16.1 
10 5.1 ± 0.04 93 ± 6 59 ± 1 57 ± 5 32.3 ± 2.0 20.7 
20 5.0 ± 0.08 113 ± 4 42 ± 5 45 ± 2 47.0 ± 1.9 19.1 
30 4.9 ± 0.01 138 ± 3 121 ± 11 118 ± 4 53.5 ± 0.9 12.7 

PN       
5 5.2 ± 0.01 84 ± 11 23 ± 1 21 ± 2 30.6 ± 1.2 16.8 
10 5.2 ± 0.04 82 ± 5 33 ± 5 28 ± 3 31.5 ± 2.5 14.7 
20 5.3 ± 0.01 118 ± 8 31 ± 1 29 ± 4 46.1 ± 3.3 15.6 
30 5.2 ± 0.01 190 ± 11 16 ± 2 15 ± 2 68.1 ± 4.6 18.3 

CB      
5 6.5 ± 0.03 89 ± 5 34 ± 4 32 ± 3 31.7 ± 2.1 12.9 
10 6.3 ± 0.13 123 ± 9 26 ± 2 27 ± 2 39.9 ± 2.8 14.1 
15 6.0 ± 0.09 192 ± 7 26 ± 1 24 ± 4 55.6 ± 3.1 22.6 

ZO      
5 6.9 ± 0.01 113 ± 2 42 ± 2 39 ± 5 31.6 ± 1.5 12.9 
10 6.7 ± 0.07 152 ± 5 46 ± 1 44 ± 2 38.1 ± 2.1 16.2 
20 6.4 ± 0.11 186 ± 3 52 ± 2 51 ± 1 56.7 ± 1.4 19.2 
25 6.3 ± 0.04 187 ± 2 67 ± 4  60 ± 1 60.7 ± 1.1 20.3 

PM      
5 5.8 ± 0.01 69 ± 5 46 ± 8 46 ± 5 27.7 ± 1.4 12.3 
10 5.3 ± 0.05 87 ± 5 30 ± 5 28 ± 3 30.5 ± 1.8 18.0 
20 5.5 ± 0.35 127 ± 7 19 ± 5 17 ± 2 49.4 ± 3.3 18.8 

 

 

 

Mechanical properties 

The results of mechanical property measurements are listed in table 6. 

For mechanical properties no requirements are described in the Ph. Eur. 8th edition. There is 

however a guideline included in monograph 1807 (oromucosal preparations) describing 

[that] “measures are taken to ensure that [ODFs] possess suitable mechanical strength to 

resist handling without being damaged”. This guideline is translated in the literature on ODFs 

as follows: an ideal ODFs should have moderately high tensile strength, high elongation at 

break and a low elastic modulus (Young’s modulus) (25, 33).  
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It appeared that for all ODFs prepared an increase in extract load resulted in a decreased 

tensile strength. A higher extract load led to an increased brittleness of the ODFs and hence 

decreased the force necessary to break or tear the ODFs. 

The Young’s modulus decreased with increasing extract load for ODFs containing the 

extracts PN, CB, ZO and PM. For ODFs containing the extract LS a dose dependent increase 

was found. 

For the extracts LS, PN and ZO a dose dependent decrease in elongation at break was 

observed, but dose dependency was not found for CB. Glycerol was used in ODFs containing 

15 mg CB enhancing elasticity of the ODFs. 

In case of PM, different film forming agents were used for different extract loads. The 

influence of extract load on mechanical properties is therefore not only dose dependent but 

also dependent on the formulation used. 

 

Water content has an influence on the mechanical properties of the ODFs. As mentioned in 

section ‘loss on drying and uniformity of mass’ a high water content will lead to sticky films, 

whereas a low water content will yield brittleness. No clear relationship between water 

content and the mechanical properties was observed in this study. 

Summarized, an increased extract load seems to have influence on the mechanical 

properties resulting in a decrease in tensile strength, Young’s modulus and elongation at 

break. However, this was not applicable for all extracts. Overall can be concluded that the 

ODFs prepared showed good handling properties. 
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Table 6 
Mechanical tests on ODFs containing different extract in different extract-load (mean ± SD, n = 6). 

Extract Tensile strength 
N/mm2 

Young’s modulus 
N/mm2 

Elongation at break 
% 

LS    
5 0.8 ± 0.2 56.0 ± 9.9 55.6 ± 17.0 
10 1.2 ± 0.1 100.5 ± 7.1 32.6 ± 4.1 
20 0.7 ± 0.1 64.9 ± 10.0 26.7 ± 2.8 
30 0.4 ± 0.1 188.2 ± 45.1 7.2 ± 12.8 

PN    
5 0.9 ± 0.1 60.7 ± 13.4 49.0 ± 9.4 
10 0.7 ± 0.2 56.8 ± 11.1 30.9 ± 8.0 
20 0.5 ± 0.1 51.2 ± 5.7 24.7 ± 6.9 
30 0.2 ± 0.1 23.3 ± 4.2 70.1 ± 13.5 

CB    
5 2.2 ± 0.2 285.8 ± 32.4 9.4 ± 1.2 
10 0.7 ± 0.1 102.7 ± 13.2 6.6 ± 0.9 
15 0.4 ± 0.5 28.0 ± 9.5 8.7 ± 2.1 

ZO    
5 1.9 ± 0.2 239.8 ± 26.2 10.1 ± 1.6 
10 1.2 ± 0.2 155.3 ± 17.6 8.3 ± 0.0 
20 0.7 ± 0.1 126.1 ± 9.1 5.5 ± 1.1 
25 0.5 ± 0.1 117.1 ± 10.8 5.9 ± 2.5 

PM    
5 2.5 ± 0.2 320.6 ± 41.7 8.7 ± 0.9 
10 0.9 ± 0.2 73.8 ± 15.5 34.4 ± 7.1 
20 0.2 ± 0.1 23.3 ± 4.8 39.2 ±7.9 

 

 

 

Dynamic vapour sorption 

For ODFs containing 5 mg of extract a change in mass below 10 wt.% was observed up to 

50% RH (figure 2). The uptake of moisture increased rapidly at higher RH values. For ODFs 

containing an active pharmaceutical ingredient it was found that a moisture content above 

10 wt.%  increased the stickiness of the ODFs (23). It is to be expected that water uptake will 

also result in increased stickiness of the ODFs containing herbal extracts. 

Storage of the ODFs should be done at a relative humidity below 50%. In Indonesia, where 

the relative humidity can be far above 50% extra attention should be paid to the packaging 

material and storage conditions. Laminate packaging material with a water and oxygen 

barrier and good seal integrity might be suitable. The packaging alone is not sufficient to 
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protect the ODFs against heat. This could be achieved by climate controlled storage of the 

ODFs. This, however, applies to ODFs in general.  

 

Despite the different compositions of the ODFs the water sorption was almost similar to 80 

% RH. At 90% RH differences were seen. An increased water sorption was seen in ODFs 

containing 5 mg LS, PN and PM. This was however not reflected in a faster disintegration 

time compared to ODFs containing ZO or CB. This unpredictable behaviour was also seen in 

ODFs containing 10 mg extract. 

Water uptake is also correlated with disintegration behaviour of ODF (23, 26).  

 

 

 
Figure 2 
Change in mass curves of a plain ODF (referred to as ‘standard’ and prepared from the casting 
solution) and of ODFs each containing 5 mg of plant extract. 

 

 

Measurement of residual ethanol 

The presence of ethanol in oral preparations should be avoided. In the preparation of the 

ODFs with herbal extracts ethanol was needed as a co-solvent to dissolve the extracts and to 

lower the viscosity of the casting solution. According to the ICH guidelines an amount of 50 

mg/day corresponding with 5000 ppm is acceptable without justification (34). 
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All ODFs had a residual ethanol amount far below the limitations of 5000 ppm. Thus the 

residual amount of ethanol can be considered as safe to the patient. In general values varied 

between 2 and 8 ppm. 

 

Evaluation of crystallinity with XRPD 

XRPD patterns of PM and ZO extracts from the supplier DLBS showed an amorphous halo 

with some sharp peaks. These sharp peaks may be ascribed to crystallization of (yet 

unknown) constituents of the extracts and for ZO also to recrystallization of microcrystalline 

cellulose and silicon dioxide which were added to the extract as filler during the 

manufacturing process. Figure 3 shows a typical XRPD of the herbal extract PM. The XRPD 

patterns of the other extracts from the supplier DLBS also showed an amorphous halo with 

some very small sharp peaks, indicating limited crystallinity. In the XRPD patterns of all ODFs 

containing the five different extracts up to an extract load of 20 mg only an amorphous halo 

was observed indicating no crystallinity. Figure 4 represents an XRPD of an ODF with PM. At 

higher extract loads a few small peaks appeared in the XRPD patterns indicating some 

recrystallization. 

 

 

 

Figure 3 
XRPD pattern of PM extract. 
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Figure 4 
XRPD pattern of an ODF containing 10 mg PM extract. 
 

Qualitative profiling of herbal extracts and ODFs containing herbal extracts with TLC 

TLC profiles of the original extracts were compared to TLC profiles of the ODFs containing 

the extracts. For the extract loaded ODFs, solid phase extraction was needed to separate the 

active components from ingredients of the film forming material that disturbed the elution 

process in the TLC analysis. The Rf-values of the original extract and the ODFs containing 

extract are listed in table 7. The different spots and their Rf-values found in our study with 

extracts and ODFs containing extracts corresponded with the data documented by DLBS. The 

profile of each extract obtained from the ODFs was similar to that of the corresponding 

unprocessed extract. This indicates that the extracts remained their integrity during the 

preparation of the ODFs. Figure 5 shows a typical example of the TLC profile of ZO extract 

and ODFs containing ZO. 

 

Figure 5 
TLC profile of ZO extract (left) and ODFs containing ZO (middle and right).



 

 

Table 7 
Rf-values of the extracts (as documented by DLBS and as measured) and ODFs containing extract. 

Extract LS PN CB ZO PM 

DLBS 
Rf 254 nm 
 

Black spot at  
± 0.50 – 0.60 

Black spot at 
± 0.50 – 0.60 

  Black spot at  
± 0.1 and ± 0.6 

DLBS 
Rf 366 nm 

Black spot at 
± 0.50 – 0.60 

Brown spot at  
± 0.50 – 0.60 

Blue fluorescence spot at 
± 0.6 

Brownish spots at ± 0.30, 
± 0.40, ± 0.45 and ± 0.65 

Black spot at  
± 0.1 and ± 0.6 

DLBS 
Rf visible light 

  Green spot at ± 0.5 and 
yellow spot at ± 0.6 

Brownish spots at ± 0.30, 
± 0.40, ± 0.45 and ± 0.65  

Brownish-yellow spot at  
± 0.1 

Extract  
Rf 254 nm 

Black spot at  
± 0.50 – 0.60 

   Black spot at  
± 0.1 and ± 0.6 

Extract 
Rf 366 nm 

Black spot at  
± 0.50 – 0.60 

Brownish to black spot at 
± 0.5 – 0.6  

Blue fluorescence spot at 
± 0.6 

 Black spot at  
± 0.1 and ± 0.6 

Extract  
Rf visible light 

 Brownish to black spot at 
± 0.5 – 0.6 

Green spot at ± 0.5 and 
yellow spot at ± 0.7 

Brownish spots at ± 0.30, 
± 0.40, ± 0.45 and ± 0.65 

Brownish to yellow spot 
at ± 0.1 

ODF 
Rf 254 nm 

Black spot at  
± 0.50 – 0.60 

   Black spot at ± 0.1 and ± 
0.6 

ODF 
Rf 366 nm 

Black spot at  
± 0.50 – 0.60 

Brownish to black spot at 
± 0.5 – 0.6 

Blue fluorescence spot at 
± 0.6 

 Black spot at ± 0.1 and ± 
0.6 

ODF 
Rf visible light 

 Brownish to black spot at 
± 0.5 – 0.6 

Green spot at ± 0.5 and 
yellow spot at ± 0.7 

Brownish spots at ± 0.30, 
± 0.40, ± 0.45 and ± 0.65 

Brownish to yellow spot 
at ± 0.1 
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Conclusion and perspective 

 

In conclusion, suitable ODFs can be prepared with extracts of LS, PN, CB, ZO and PM. For 

each extract and extract load the standard casting solution containing the film forming 

agents HPMC and carbomer 974P needed to be adapted by using the co-solvent ethanol, 

surfactant benzalkonium chloride or filler silicon dioxide. For LS and PN and the higher 

extract loads of PM a new casting solution was developed containing the film forming agent 

HPC. 

In case of ZO the fillers microcrystalline cellulose and silicon dioxide needed to be removed 

prior to ODF preparation. The fillers led to an unacceptable appearance of the ODFs. 

 

Many herbal extracts have an unpleasant, (mainly) bitter taste, therefore taste masking is 

needed. According to the test panel the taste of the extracts was successfully masked by the 

addition of sucralose and flavour. All ODFs had an acceptable surface pH, showed fast 

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

good handling properties. The analytical profiling with TLC yielded the similar patterns for 

the original extract and the ODF prepared thereof, meaning that the ODFs can be used for 

the same indication as the extract itself. 

 

There was one important limitation in incorporation extracts in ODFs. The maximum extract 

load was limited and varied per extract. For jamu relatively high extract loads are needed to 

achieve a therapeutic level. The extract load can be increased by increasing the casting 

height and/or increasing the size of the ODF, keeping in mind that a thicker and larger ODF 

may be less favourable in terms of patient (or user) acceptance. 

 

Herbal extracts contain many ingredients such as phenols, alkaloids, flavonoids, terpenoids, 

tannins and other typical secondary metabolites. These main active ingredients as well as 

other plant constituents may influence the consistency of the casting solution and the ODFs 

prepared thereof. In our study no clear relationship was found between major groups of 

secondary metabolites present in the extract and the quality of the ODF. 
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The ODFs appeared to be physically stable after 18 months of storage, reflected in 

unchanged disintegration properties. A preliminary shelf life for that period seems justified, 

although further (chemical) analysis should be carried out to confirm this.  

 

All ODFs should be adequately stored and appropriately packaged to protect them against 

humid conditions. In this study benzalkonium chloride was used at low and safe 

concentration to act as a surfactant to obtain a better spread over the release liner. 

Benzalkonium chloride can also serve as a preservative. 
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Abstract 

 

Introduction: According to the European Pharmacopoeia oromucosal films comprise 

mucoadhesive buccal films and orodispersible films. Both oral dosage forms receive 

considerable interest in the recent years as commercially available pharmaceutical products 

and as small scale personalized extemporaneous preparations. 

 

Areas covered: In this review technological issues such as viscosity of the casting liquid, 

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

produced films will be discussed. Furthermore, patient related problems like appearance, 

mucosal irritation, taste, drug load, safety and biopharmaceutics are described. Current 

knowledge and directions for solutions are summarized.  

 

Expert opinion: The viscosity of the casting solution is a key factor for producing suitable 

films. This parameter is amongst others dependent on the polymer and active 

pharmaceutical ingredient, and the 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 produced films. Absorption through the 

oral mucosa will vary for each active compound, formulation and patient, which gives rise to 

pharmacokinetic questions. 

Finally, the European Pharmacopoeia needs to specify methods, requirement and definitions 

for oromucosal film preparations based on biorelevant data. 
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Introduction 

 

In the monograph “Oromucosal Preparations” (Ph. Eur. 8th edition) (1) two different film 

formulations are defined: mucoadhesive buccal and orodispersible films. Mucoadhesive 

buccal films are described as dosage forms that can be attached to the target site in the oral 

cavity, where they release the drug for local or systemic action. These films may dissolve, but 

can also consist of a non-dispersible material that needs to be removed after releasing the 

drug (2, 3). Orodispersible films are single- or multiple-layer thin polymer sheets intended for 

rapid disintegration, which are usually placed onto the tongue (2, 3). Both types of films can 

be designated as oromucosal films. These oromucosal film preparations consist of a film-

forming polymer (most common are cellulose derivates such as hypromellose), which serves 

as carrier matrix for the active pharmaceutical ingredient (API); in some cases an additional 

plasticizer is needed to ensure the film flexibility. Different excipients such as saliva 

stimulating agents, fillers, colours and flavours can be added (2). 

 

Oromucosal films have received increasing interest in the recent years (4), not only as easy-

to-use commercially available pharmaceutical products, but also as small scale 

extemporaneous pharmacy preparations suitable for personalized use. The latter creates 

flexibility in pharmacotherapy and may suit an individual approach for a patient in cases 

where commercial products are unavailable or insufficiently meet specific needs by the 

individual patient. Besides the dose flexibility, oromucosal films have considerable 

advantages compared to other oral dosage forms. The films adhere to the mucosa, cannot 

be spit out and usually do not require water for intake. This provides a good patient 

acceptance and compliance. Oromucosal films may display different biopharmaceutical 

characteristics as compared to other oral dosage forms. If the API is indeed absorbed directly 

via the oral mucosa, the first pass metabolism is (to a significant extend) circumvented by 

which bioavailability of drugs may increase (5 – 8). 

The solvent casting method is the manufacturing method of choice for both commercially 

available and extemporaneously prepared films, because of its relative simplicity and low 

costs involved. In the solvent casting method, all ingredients are dissolved in a suitable 

solvent, cast onto a release liner and subsequently dried and cut. (2, 7, 9, 10). Problems that 

may occur during the manufacturing process include entrapped air bubbles, unsuitable 
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casting solutions due to inappropriate viscosity, insufficient uniformity of content, batch-to-

batch variability and the effects caused by organic solvents (e.g. fast evaporation, residual 

solvent) (5, 10). 

 

For industrially prepared films, hot melt extrusion (HME) is a suitable alternative processing 

mode to solvent casting. In HME, all dry ingredients are mixed, heated and subsequently 

extruded, cooled and cut into the desired size (7). However, this method is up to now rarely 

used. It has various advantages over the solvent casting process like shorter processing time 

and the absence of solvents (11 – 13). A serious drawback is that formulations may not be 

extrudable due to incomplete melting. Furthermore, thermal stability of all used excipients 

and API is required. Finally, specialized equipment is needed (11). 

 

A novel and promising technique for the manufacture of oromucosal films is printing of the 

API onto a plain film using inkjet printers, flexographic printers or a combination of inkjet 

and flexographic techniques (14, 15). Printing may become the technique of choice for tailor-

made individual doses, for fixed dose combinations or very low dosed drugs (15, 16). 

All production techniques mentioned are able to produce oromucosal films with adequate 

quality. However, all preparation processes and techniques entail some limitations that 

should be coped with and preferably restrained. 

 

This review focuses on problem-solving in the pharmaceutical development of oromucosal 

films for small scale as well as for industrial production. Further, it addresses the problems 

regarding patient acceptance, safety of excipients, handling properties and 

biopharmaceutics. 
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Article highlights 
 
 

 Oromucosal films are gaining increasing interest both as commercially available 
pharmaceutical products and as extemporaneous preparations for personalized use. 
 

 

 So far, the solvent casting method seems to be the production technique of choice. 
 

 

 To enhance the acceptability for the patient, oromucosal films should have an 
acceptable taste and appearance and should not be irritable. 
 

 

 Oromucosal films should be protected by appropriate packaging to enhance their 
stability. 
 

 

 These dosage forms should possess suitable mechanical strength, which can be defined 
as acceptable mechanical properties for manufacturing and handling of the films. 
 

 

 Oromucosal films offer different routes of drug absorption: 
o the immediate disintegration of the film on the tongue can be considered as an 

oral drug delivery and absorption via the gastrointestinal route. 
o whereby the application of the film onto different target sites of the oral mucosa 

enables local drug release and action, besides systemic action by absorption of 
the active substance through the mucosa. 
 

 

This box summarizes key points contained in this article 
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Patient-related issues 

 

Acceptance 

Patient acceptance of a dosage form is of high interest for its compliance, e.g. the regular 

and correct intake of the dosage form. Commonly used oral dosage forms may cause 

problems that can be excluded by using oromucosal film preparations. Especially for 

children, adolescents, elderly and persons suffering from dysphagia or mental illness, 

swallowing deficiencies are known for tablets or capsules (17). This may result in non-

adherence or undesired modification of the dosage form by the patient (18). Crushing or 

dissolving of the solid oral dosage form, to avoid swallowing, may affect essential 

performance characteristics such as the dissolution and absorption behaviour or stability of 

the drug. Orodispersible tablets may overcome the swallowing challenges but aspiration 

concerns still remain (17). By using liquid formulations the swallowing problems can be 

circumvented, but other problems like accurate dosing, taste problems and drug stability 

may arise (19). Oromucosal films are solid forms that stick to the oral mucosa, contain a 

fixed dose and do not have to be swallowed at once. If adequately formulated, many of the 

aforementioned problems can be overcome by this dosage form. The ease of administration 

without water is a clear advantage of oromucosal films. A high acceptability for these novel 

dosage forms can thus be assumed. An orodispersible film formulation containing 

dexamethasone was shown to be superior regarding its taste and ease of administration 

compared to a tablet (20) in an acceptability study with 19 patients. 

 

Nevertheless, several other critical acceptance issues, which may seem less important for 

tablets, capsules or liquids, like appearance, taste, mouthfeel, irritation of the mucosa or 

mucoadhesion to the oral cavity, have to be considered during the development of an 

oromucosal film formulation. Finally, it has to be emphasized that a formulation, which is 

‘too acceptable’ may lead to drug abuse. This has to be considered especially in view of the 

development of pediatric formulations (21). 
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Appearance 

Beside the danger of confusion, the appearance of a dosage form is also important for a 

satisfying compliance by the patient. The appearance of oromucosal film preparations may 

vary in many aspects. A dosage form with a colour associating with a sweet may lead to drug 

abuse, especially by children. Oromucosal films should be free from air bubbles and have a 

smooth, soft and flexible appearance (22, 23). Sometimes the use of a different polymer may 

help to improve the appearance of a film or may help to reduce or modify the 

recrystallization of the API in the film during storage (like e.g. the use of polyvinyl 

pyrrolidone, hydroxypropyl methylcellulose and methylcellulose as a crystallization inhibitor) 

(6, 22, 24). 

 

pH value / irritation  

The incorporation into a film of acidic or alkaline APIs or excipients, like polymers or 

solubilizers may influence the experienced surface pH after wetting of oromucosal dosage 

forms (25, 26). Alkaline or acidic properties of the surface differing from the pH of the saliva 

may lead to an acidic or alkaline microenvironment in the film-mucosa interface causing 

mucosal irritation and damage (25, 26). The resulting pain and infection risk will lead to 

significantly reduced acceptance and poor patient compliance. A damaged oral mucosa may 

also lead to an uncontrolled permeability for the drug. A pH range of 7 ± 1.5, measured on 

the wetted surface of the films, comparable to the human saliva pH is considered as 

appropriate and non-irritant for buccal adhesive patches (27). As the pH of the human saliva 

is highly variable, a non-irritant surface pH is hardly to predict. Thus also films with a surface 

pH of 4.5 to 6.5 have been developed which did not elicit local irritation (28). It should be 

realized that especially the strength of the buffer is an important factor in this respect. When 

the product has a low buffer strength, dilution with saliva buffer will reduce any potential 

harm rapidly. However, when there are strong buffers used, the saliva dilution will have less 

affect and harm may be caused. Furthermore, the type of film should be considered in this 

respect.  

 

Orodispersible films, where a change in pH only occurs for a few seconds, are much safer 

than mucoadhesive buccal films, which remain at the oral mucosa for a longer time, and 

which should preferably cause no significant change in pH during the drug release (29). 
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Sometimes acidic polymers are used because of to their good mucoadhesiveness. A 

combination with non-irritant adhesive polymers, e.g. sodium carboxymethylcellulose, could 

reduce the risk of irritation (25). In addition buffers, alkaline or acid, have been incorporated 

into films to neutralize the films pH (30). Also API salts may be used instead of the 

corresponding acid or base form. 

 

Poor taste 

Taste is one of the most critical aspects regarding the acceptability of a dosage form. As the 

API, incorporated in oromucosal films, will (partly) dissolve in the mouth, an interaction with 

the taste receptors is inevitable. APIs with a poor taste may lead to reduced compliance by 

the patient (20, 31). An effective taste masking is therefore required. A framework providing 

different steps during the development of palatable formulations has been designed (32). 

After the first step, the taste assessment, the formulation development can be carried out by 

either reduction of the unpleasant taste or by addition of substances to create a favoured 

taste. It should be realized however, that the creation of a pleasant, candy-like taste also 

implicates the danger of drug abuse by children (21). For oromucosal films, several 

approaches are available to improve the taste of a formulation. Table 1 gives an overview of 

possible taste masking techniques. 

 

The probably easiest method to overlay the unpleasant taste of an API is the addition of 

sugar alcohols, flavours, nutritive or artificial sweeteners. In many cases a combination of 

such excipients is used to improve the taste of oromucosal films (20, 42). 

After the taste-masked dosage form is developed, the taste has to be evaluated. Human 

taste panels are expensive, require the authorization of an ethical assessment committee 

and sometimes involve API-related health risks. Therefore electronic tongues (43) and 

biorelevant dissolution methods (44) are good alternatives to pre-test the formulation. 

  



 

 

Table 1 
Possible taste masking approaches and technical implementations for use in oromucosal films. 

Taste masking 
approach 

Technical 
implementation 

Substances used (Dis)advantages/remarks 

Taste is overlaid by 
other substance 

Nutritive sweetener Sucrose, glucose, fructose, 
dextrose, maltose, stevia 

Should be used in high amounts, which may lead to poor 
mechanical stability 
Possesses cariogenic potential 
Caloretic value has to be mentioned especially for diabetic 
patients (only sucrose, glucose) 
 

 Artificial sweetener Sucralose, aspartame, 
saccharine sodium, 
acesulfam potassium, 
neotame, alitame 

Not cariogenic. Lower amounts are sufficient for comparable 
sweetening effect (33) 
Bitter and metallic after taste has been reported (34), which 
can be reduced by adding flavours (35) 
 

 Sugar alcohols Sorbitol, mannitol, xylitol Less sweet than sucrose. Cooling effect possibly improving the 
palatability of the film formulation (35) 
 

 Flavour Mint, milk, fruit, … Detection by the nose after evaporation 
 

 Other excipients Glycerol, maltodextrines Glycerol tastes sweeter than propylene glycol (36) 
 
Maltodextrine displays a sweet sensation and improves 
palatability of the dosage form (23) 
 

 All taste overlaying substances Faster speed of onset of AI on the taste receptors compared to 
the taste masking agents 
Sprinkling a flavour on top of a film may lead to faster contact 
of the taste bus with the flavour than with the API, by which 
the sweet taste is experienced before the bad taste (37) 

  



 

 

Table 1 
Possible taste masking approaches and technical implementations for use in oromucosal films. 

Taste masking 
approach 

Technical 
implementation 

Substances used (Dis)advantages/remarks 

Bitter receptor 
inactivation 

Bitter blocker G-protein antagonists Reduce the bitter taste of APIs. Lack the after taste sensation 
of artificial sweeteners (38) 
 

API receptor 
interaction 
interrupted 

Particle coating Saliva insoluble polymers Coating or encapsulation of drug particles, which are 
swallowed after the film has dissolved (37) 

 Incorporation in 
complexes or adhesion 
to structures 

Cyclodextrines, 
maltodextrin 

API-receptor interaction may be disturbed (24, 39) 

 Ionic change resins Cholestyramine The binding of ionic API molecules to charged moieties of 
excipients may decrease the amount of dissolved API in the 
saliva and thus the interaction with the taste receptors (40) 
 

API not dissolved in 
the oral cavity 

Backing layer Hypromellose + 
crospovidone 

Taste masking approach by addition of a second layer that 
covers the active film (3) 

 Salt or prodrug that is 
insoluble in the saliva 

 An insoluble salt or prodrug may not always be available, or 
also cause dissolution problems in the gastrointestinal tract, 
gritty mouthfeeling 

 Ion exchange resin  Gritty mouthfeeling of the insoluble resin 
 

Prodrug Cheminal  Reduction of unpleasant taste by a more rapid absorption or 
swallowing of the prodrug in relation to the conversion of the 
prodrug into its active form (41) 
 

Coating of the drug 
particles 

 Polyacrylates or ethyl 
cellulose 

Production difficulties because the coating should not dissolve 
during casting of the suspension. Gritty mouthfeel due to 
larger particles 
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Mouthfeel  

In contrast to other solid oral dosage forms, where swallowability is most important as they 

stay in the mouth only for a few seconds, oromucosal films dissolve or disintegrate in the 

mouth and may remain there for a longer time. Therefore, the texture and mouthfeel of 

oromucosal films have to be considered next to the size of the film. 

The space provided by the oral cavity at the site of application limits the size of the dosage 

form. Orodispersible films with a size of 2 x 2 cm2 and a thickness of 100 µm as well as a size 

of 2 x 3 cm2 and a thickness of 350 µm were judged as acceptable in human volunteer 

studies (20, 36). Films with a size of 1 to 2 cm² were judged acceptable for mucoadhesive 

preparations (45). 

 

As orodispersible films differ from mucoadhesive films in their behaviour in the mouth their 

texture has to be evaluated for every individual dosage form. For orodispersible films, the 

change in the texture during dissolution or after disintegration has to be considered. 

Particles remaining after disintegration may negatively influence the mouthfeel and thereby 

the acceptability of films (36). Small particles were preferred over large particles as 

especially larger particles cause a poor mouthfeel (46). A poor mouthfeel may also occur due 

to a gummy nature of the films after wetting, caused by a polymer with a viscous behaviour 

or a slow drug release (37). Finally, excipients like polyhydric alcohols, may improve the 

mouthfeel due to their cooling properties (35, 46). 

 

For mucoadhesive films, in contrast, disintegration and the resulting texture are less 

important. Other features like sufficient mucoadhesiveness of the film, the flexibility and 

change in the habitus during attachment have to be considered instead, regarding the 

residence time in the oral cavity. A high increase in film surface has been reported for buccal 

mucoadhesive films based on polyvinylalcohol which may lead to an unpleasant mouthfeel 

(45). 

  



Chapter 7 
173 

Excipients 

Nearly all excipients used for oromucosal film preparations have been previously used for 

other dosage forms. Many of the currently applied film forming polymers are widely used as 

matrix or coating materials for tablets. In all cases, it has to be carefully evaluated, which 

amounts of the ingredients are applied per dose, related to the target age group, and to the 

maximum daily exposure/acceptable daily intake (ADI) (47). Films derived from solvent 

casting using organic solvents need to be checked for residual solvents (48). 

With respect to regulatory requirements, the necessity of each excipient (e.g. preservatives) 

should be justified, especially when it comes to products for pediatric use. The European 

Medicines Agency (EMA) provides a decision tool in its latest guidance for the development 

of medicinal products for children, pointing out the need for safety data on the used 

excipients (49). It is therefore in many aspects wise to use excipients, which are known from 

other dosage forms or food products both to simplify the development as well as the safety 

assessment process. Approaches with new substances, e.g. bitterness blockers seem 

promising, but increase the regulatory hurdle (50). 

 

Development and production-related issues 

 

Viscosity 

As oromucosal films are produced from a semi-solid solution or suspension, the rheological 

characterization is of high interest. Viscosity is a critical factor especially for a solvent casting 

process, either on extemporaneous or industrial production scale; therefore it has to be 

adapted to every formulation and production process individually. 

High viscosity of the casting solution prolongs the production time, due to entrapped air 

bubbles and a hindered homogenization (51). Air bubbles affect the mechanical properties 

and the drug release from the films and thus have to be avoided (9). The incorporation of air 

bubbles, using a highly viscous formulation, could be reduced by stirring the solution under 

vacuum (16), centrifugation (52), using degassed water (52), sonication of the solution or 

storing the solution in a refrigerator (53, 54). In some cases the separate production of the 

film forming solution and solution containing excipients with surface activity (causing air 

bubbles) can help to avoid entrapped air (9).  
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On the other hand, low viscosity causes problems regarding uniformity of content when 

suspensions are used as rapid sedimentation may occur (55). 

 

Regarding the casting process, viscosity levels have to be considered for each production 

scale individually. For the small scale, working with a petri dish, the viscosity is less 

important, as spreading of the solution is bordered by the petri dish wall. Nevertheless, 

problems regarding uniformity of content caused by low viscosity (56) and impeded pouring 

out of the beaker, where the film casting solution is prepared (51) have been reported. The 

viscosities as observed for the small scale production in a petri dish differ over a wide range, 

from 1.7 – 64.8 mPa·s (57), 207 (58) to 1843 mPa·s (59). Using a film coating bench, the film 

solution can spread over the entire intermediate liner. A low viscosity leads to variations in 

film thickness at different sites and thereby to poor drug uniformity (60). A high viscosity 

may interfere with a free flow of the solution through the gap of the coating applicator and 

thus hamper the coating process. Viscosities ranging from 0.3 Pa·s to 6.2 Pa·s have been 

reported in the literature to be feasible for a coating process using a coating knife (3, 60). 

The problems described for the coating bench also apply for a continuous coating process 

used in the industry or on a lab scale continuous coater. In addition, a low viscosity may lead 

to running of the solution in the direction opposite to the coating process directly after 

releasing the coating mass to the intermediate liner. On the other hand, the viscosity of the 

solution must enable a free flow through the pumps and the coating dispenser (61). 

 

Viscosity of the casting solution can be enhanced by increasing the polymer content, using 

polymers with a higher viscosity or adding thickening agents like xanthan gum. Woertz et al. 

showed increased content uniformity after adding thickening agents (55). Finally, surfactants 

or different laminated intermediate liners can help to improve the spreading of the casting 

mass over the film and decrease variability of the solution volume applied on the 

intermediate liner. 
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API suitability and drug load 

Oromucosal films are manufactured to contain a precise drug load which offers an improved 

dosing accuracy over solutions and suspensions (11). Complete uniformity within a single 

dosage form is important if the films are cut into smaller pieces for dose-adjustment (5). In 

case APIs (e.g. enalapril, prednisolone) or co-solvents (e.g. ethanol) influence the physical 

properties of the casting solution or the films, the polymer formulation needs to be adjusted 

to achieve the required precision of drug load (5, 6, 10). Application of drug solutions or 

suspensions on plain films by the printing technology method may become a good 

alternative to achieve precise drug load (16). 

 

Since the drug load per film is limited only relatively potent APIs can be used (2). Generally, 

films can contain a drug load up to 30% w/w without significantly affecting the intrinsic 

properties of the film forming formulation (7). A slightly higher drug load (with a maximum 

of around 50 mg (62)) can be achieved by increasing the surface area and/or the thickness of 

the films, although the acceptability and patient convenience have to be considered. A high 

drug load may result in a thick film, which disintegrates slowly (63) as well as recrystallization 

of the API leading to loss of transparency and increased brittleness (2, 9). In some cases (e.g. 

dimenhydrinate as API) the recrystallization can be prevented by the addition of 

maltodextrin or cyclodextrine (HP-β-CD, sulfobutyl ether-β-cyclodextrin) (39). 

 

The maximum drug load of poorly water-soluble APIs can be increased by the formation of 

water-soluble complexes with cyclodextrins (39, 64). However, in most cases a large amount 

of cyclodextrins is needed to form a soluble complex, thereby negatively influencing the 

mechanical properties of the films. Besides, complexation with cyclodextrins is not 

applicable for all poorly water-soluble APIs, which makes them less suitable for film 

production (65). For such APIs, as well as for peptides, the use of nanosuspensions may 

overcome the problem related to poor water-solubility (2, 53, 64 – 66). 

Both API and added excipients influence the mucoadhesive properties of the film, generally 

in a negative way. The effect is dependent on the API (and its dose), excipients and nature of 

the film forming agent (67). 
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Mechanical strength  

According to the Ph. Eur. 8th edition oromucosal films should “possess suitable mechanical 

strength to resist handling without being damaged” (1). Therefore, the question rises how 

‘suitable strength’ can be defined. It could be argued that acceptable mechanical properties 

are given when it is possible to manufacture and handle the film. From a scientific point of 

view, it is inevitable to assess the strength-related properties such as tensile strength or 

elastic behaviour using experimental data. Furthermore, it helps to evaluate deviations 

within and between batches and enables the comparison of different films, e.g. marketed 

products against novel small-scale formulations (48). 

The literature reveals multiple approaches to assess mechanical strength of films such as 

tensile strength tests, where the film is clamped in a universal testing apparatus or a Texture 

Analyser (6, 68, 69) or folding endurance testing (70). 

 

It has been concluded that the careful selection of the plasticizer is important, since the 

plasticizer type and content, as well as the storage conditions, in particular humidity, 

influenced the properties of the ethylcellulose films and their mechanical strength (71). 

Furthermore, the impact of unstable plasticizers, resulting in brittle films after prolonged 

storage has been discussed (71). Sufficient elasticity of films appears beneficial when it 

comes to small scale manufacturing (48). With respect to pilot- and production scale 

manufacturing elasticity might lead to unintended stretching of the films, e.g. during the 

transfer over conveyor belts, which may result in waving of the thin film due to rebound 

effects and yield irregular drug content. Brittle films on the other hand, may provoke 

ruptures during production and cutting. 

 

The combination of polymers in a single formulation can improve the mechanical properties. 

This is illustrated with alginate films when combined with different amounts of 

hypromellose. In contrast, Skullason et al. showed that hypromellose did not lead to 

increased strength in combination with polyacrylic acid (69). These findings point out once 

more that polymer interactions as well as plasticizing effects of APIs cannot be described in 

general and need thorough individual investigations. 
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Drug release rate 

For mucoadhesive buccal films as well as for orodispersible films, Ph. Eur. 8th edition 

demands a dissolution test, showing the release of the API from the dosage form. The Ph. 

Eur. 8th edition does not describe how such a test should look like. In literature, usually 

paddle or basket apparatuses of the Ph. Eur. are described (44). For orodispersible films a 

high dissolution rate is preferred in most cases, while a sustained release of the drug may be 

desired for a buccal film formulation. As films have a matrix-like structure and display 

swelling in water, the typical release profile is nonlinear, and shows profiles between Fickian 

diffusion and zero order (72). The release rate of the API from a film can however, be 

changed via different approaches. The use of polymers with a different viscosity affects the 

release rate. Polymers generating a thick gel layer with a high viscosity after wetting will lead 

to a slower release than from polymers with a low or intermediate viscosity (73). The 

incorporation of the highly water permeable Eudragit RL will show a faster release than the 

less water permeable Eudragit RS (72). Sometimes polymers can lead to complexation or 

ionic binding of the API, reducing the dissolution rate (73). The addition of cyclodextrins, 

surfactants, the use of (poorly) water-soluble APIs or incorporation of coated drug particles 

may alter the release rate (74, 75). Finally, also recrystallization may influence the release 

rate of the API. The use of different polymers may influence the recrystallization (6) and thus 

the release rate. 

 

Upscaling  

Upscaling of extemporaneously prepared oromucosal films offers various challenges. Most 

problems with the manufacturing process as mentioned in the previous sections apply to 

both small scale and industrial production of the films. But also specific problems are 

encountered that relate to larger scale processes. The industrial production of oromucosal 

films differs from small scale production, including the use of huge drying tunnels and rapid 

conveyor belts (5). For small scale production, the drying procedure may be as long as 

necessary, although it should be kept in mind that a prolonged drying time facilitates the 

growth of micro-organisms. An industrial process would not allow a time-consuming drying 

procedure (76). Increasing the drying temperature reduces the drying time but may 

influence the stability of the films.  
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The drying procedure may also cause the so-called ripple effect. Drying with hot air causes 

solvents to evaporate immediately. This results in a thin dry polymer layer covering the wet 

cast which may rupture and cause uneven surfaces during further drying (77). Therefore, the 

end point of drying has to be defined and controlled carefully (68).  

The use of several windings during the manufacturing process requires the films (or large 

strings) to possess a suitable mechanical strength, which may significantly differ from the 

preparation on film applicators on small scale (5). During manufacturing, stretching of long 

pieces of films is inevitable. This may cause problems when the films are cut per length, 

resulting in variations in drug load. To overcome this problem the films should be cut per 

weight providing a fixed dose per film. Homogeneous spread of the API over the film is of 

course a prerequisite. 

 

The quality by design (QbD) approach can be a useful tool for optimizing a film formulation 

and production process that may also be suitable for large scale production (78). The QbD 

approach is a systematic approach to optimize pharmaceutical preparations and to improve 

the control over and the quality of the production process (79) and includes the 

establishment of a quality target product profile. This starts with defining critical quality 

attributes and finding and identification of critical process parameters that affect the final 

product quality, from there a design space can be created (78). 

 

Stability, storage and packaging 

 

Manufacturing of oromucosal films with the solvent casting method comprises a drying step, 

usually at temperatures between 30 and 40 °C. In general, increasing the drying temperature 

or drying time can negatively influence the stability of APIs and excipients such as 

sweeteners (80). Reduction of the drying temperature to 20 °C results in a long drying time, 

which is far from ideal for extemporaneous and rapid manufacturing approaches, and also 

disadvantageous in terms of (microbiological) stability challenges (78). Using HME omits the 

drying step, but the process specific melting step may influence API, flavour and polymer 

stability (2, 80). In literature several stability studies have been described according to either 

the ICH guidelines (25°C/60% RH and 40°C/75% RH) (12, 81) or deviating conditions, e.g. 

storage in aluminium packages at room temperature (65). 
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All studies showed that the films were stable in terms of physical characteristics as well as 

drug content during a storage period up to 6 – 9 months. However, prolonged stability 

testing is essential and regarding the drug content the outcome is of course fully API specific. 

 

Light sensitivity 

Exposure to light may result in an unacceptable change of APIs and/or excipients during 

manufacturing, packaging, storage or administration of the oromucosal films. Photo 

degradation is often seen as a colour change (e.g. bleaching) but may also elicit other effects 

such as a change in viscosity of the casting solution or an unexpected precipitation of the API 

(82). Photo degradation during manufacturing can be limited by avoiding direct sunlight and 

artificial light (at specific wavelengths). For pharmaceutical preparations, it is known that the 

addition of pH modifying compounds (e.g. citrate - or phosphate buffer), anti-oxidants and 

chelators (e.g. ascorbic acid, disodium edetate) or UV absorbers (e.g. vanillin) may enhance 

the stability (83). The addition of photo stability enhancers is not common in the 

manufacturing of the films but this approach may be an interesting option. In case a 

photosensitive API is manufactured into a film, a photo stability test according to the ICH 

guidelines (84) should be part of the stability testing protocol. Of course light sensitivity 

problems can be adequately tackled by adequate packaging approaches. 

 

Microbiological stability  

Microbiological stability is one of the critical factors during oromucosal film preparations 

because they are usually produced from aqueous solutions or suspensions. 

To prevent or minimize the growth of micro-organisms, the casting solution can be heat 

sterilised and stored in sealed containers before use. The solubility of some film-forming 

agents, like hypromellose, displays reverse temperature sensitivity, which may hamper heat 

sterilisation (74). The redispersion after sterilization can, however, be enhanced by constant 

shaking during the cooling process. Thermostable APIs can be added to the casting solution 

prior to sterilisation. To prevent microbiological contamination the addition of thermolabile 

APIs should be carried out after the sterilisation step in a cleanroom class D. The constant 

shaking or addition of thermolabile APIs after sterilisation may, however, cause the 

introduction of air bubbles in the viscous liquid, which are difficult to remove.  



 

Chapter 7 
180 

The microbiological stability has to be considered during the casting and drying process as 

the water content is still high in these phases, and although the water activity of the film is 

generally low after manufacturing, it may increase upon storage. Moisture adsorption or 

relatively high amounts of residual water may facilitate the growth of micro-organisms, 

influence the integrity and microbiological safety of the films during shelf life. Moreover, a 

high water content may result in decomposition of the API (5).  

 

Oromucosal films can also be prepared by freeze drying aqueous gels or polymers. Freeze 

dried formulations have several advantages: they offer stable products, extend shelf life and 

allow storage of products at room temperature (85). However, it is a complex and expensive 

procedure, and it is important to realize that certain sugars (used for e.g. taste masking) can 

stabilize some bacteria during freeze drying (86). The application of freeze-drying for the 

production of oromucosal films is still relatively unexploited.  

 

The use of preservatives is rarely reported in literature and is generally not necessary. 

Preservatives may cause adverse effects in neonates and infants due to an immature 

metabolic system and should be avoided if possible (6, 49). However, industrially prepared 

films sometimes contain a preservative, generally 0.01 to 1 wt% of the film. Preservatives of 

choice are benzalkonium chloride, benzyl alcohol or parabens (6). 

 

Storage and packaging  

Stability testing is an inevitable last step in the development of new films. The impact of 

storage over time on the mechanical properties and stability of the oromucosal films has 

already been addressed. The packaging of the films plays an important role in the final 

stability of the product, and an adequate packaging can be of significant help to ensure the 

formulations maintain their initial properties such as the drug dissolution rate (87). 

Furthermore, storage and stability testing of the film products may be used to assess the 

behaviour of the ingredients of the formulation and possible degradations and interactions, 

e.g. the moisture uptake by hygroscopic excipients or the active substance incorporated in 

the film base (36). 
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Film preparations that should rapidly disperse or dissolve in the mouth when having contact 

with saliva are highly sensitive to humid conditions. Air-tight primary packaging materials, 

such as aluminium sachets, have been shown as necessary to maintain the integrity of the 

films and are frequently used when a long storage period is required (2). However, these 

sachets are expensive. Foil, paper or plastic pouches can be considered as secondary 

packaging material. However, their suitability needs to be evaluated carefully before they 

are applied for a specific formulation including aspects such as the film’s stability and 

packaging materials suitability for pharmaceutical use (88). An alternative packaging of 

multiple films of the size of a credit card, where films can be taken out individually, has been 

described (89). 

 

Biopharmaceutics 

 

Oromucosal films are intended to cause either a systemic or a local effect. For local 

treatment, absorption of the API is undesired, as side effects may occur. Transmucosal 

absorption of a local anesthetic released from a film may be toxic for children (90). This 

requires sub-effective plasma concentrations, whereas at the same time effective 

concentrations is desired in the oral cavity. The use of oromucosal films may be superior to 

other local dosage forms, like oral gels or liquids. Due to a constant API release from the 

films, no burst effect will occur and the time with effective salivary concentration may be 

prolonged (91).  

If a systemic effect is desired, the API can either be swallowed and absorbed via the 

gastrointestinal tract or be absorbed via the oromucosal membrane. Absorption via the 

oromucosal membrane, may increase the bioavailability of the API incorporated in a film 

compared to oral application, when the API suffers from a significant first-pass effect. Such 

an improvement of the bioavailability may be advantageous for new products but may also 

cause problems regarding generic film products when referring to classical oral dosage forms 

in a bioequivalence study. Therefore, the focus of an oromucosal film development may 

either be an increased bioavailability, due to oromucosal absorption, or the absence of 

permeation through the oral mucosa, hence following the oral route. 
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The two types of oromucosal film dosage forms, orodispersible or mucoadhesive buccal 

preparations, have to be discussed separately as they behave differently in the oral cavity. 

The biopharmaceutical differences are shown in Table 2. 

For orodispersible films, an uncontrolled absorption through the oral mucosa may be 

prevented by excipients like ion exchange resins or particle coatings. 

For oromucosal mucoadhesive films, various possibilities regarding the film composition, the 

API and the specific site of application can be considered to increase the usually intended 

absorption of the API through the oral mucosa. 

 

Table 2 
Biopharmaceutical differences in the behaviour in the oral cavity between orodispersible and 
mucoadhesive buccal films. 

Orodispersible film Mucoadhesive buccal film 

Are commonly administered to the tongue 
(and sometimes on the buccal surface), they 
disintegrate within a few seconds 
 

Are directly attached to the oral mucosa and 
release the API via the oromucosal 
absorption border and the oral cavity 

A release of the major amount of API into 
the oral cavity and dispersion in the saliva 
may occur, but not happen per-se 

The intention of this product type is to have 
the largest part of the API absorbed via the 
oral mucosa but some API will be swallowed 
instead such combination may result in the 
following: 

The major amount will be swallowed with 
the saliva and will be absorbed from the 
gastrointestinal tract (92, 93), resulting in 
the following: 

 a pharmacokinetic profile like an oral 
solution (92) 

 a slightly delayed plasma concentration 
onset, due to the prolonged mouth to 
stomach transit time, and to intake 
without water (93) 

 increased bioavailability may occur 
compared to oral dosage forms (12, 45, 
94 – 96) 

 higher Cmax values have been observed 
for fentanyl and domperidone films (12, 
96) 

 higher (8) or lower (94, 96) Tmax values 
compared to oral immediate release 
dosage forms may occur. Possible 
reasons are reduced first pass effect (45, 
95) or drug accumulation in the buccal 
epithelium (56) 

Absorption through the oral mucosa may 
occur for a (minor) fraction of the drug 

 

 

 

As the API should dissolve prior to absorption, an adjustment of the dissolution profile can 

have a high impact on the pharmacokinetic profile. Zero order kinetics or a combination of 

zero order and Fickian diffusion was observed for the dissolution of mucoadhesive buccal 
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films containing chlorpheniramine or caffeine (8, 72). The reason for increased Tmax values, 

was found in the slower dissolution of the films compared to oral immediate release 

formulations (8, 12). Nevertheless, an increased dissolution rate does not necessarily 

increase the permeation through the oral mucosa. An API present in its ionized from will 

show a faster dissolution rate, but less permeation compared to its unionized more lipophilic 

form. An adjustment of the pH of the formulation may thus influence the pharmacokinetic 

profile. Finally, a compromise between dissolution and absorption has to be found. It was 

found that films containing fentanyl with a pH close to neutral had the highest Cmax and 

AUC∞ and fastest Tmax (94). A high molecular weight polymer, which impedes the diffusion of 

the API through the polymeric network of the film, induced a slow release rate. On the other 

hand, it may cause hydration of the mucosa membrane, which may balance the slower 

dissolution rate (97). Hydration of the mucosa may also be achieved by adding a backing 

layer generating an occlusion effect. The backing layer may further reduce the amount of API 

lost to the oral cavity and thus absorbed via the gastrointestinal route (98). Another 

approach to increase drug permeation through the oral mucosa, is the use of permeation 

enhancers such as bile salts and other steroidal detergents, surfactants (non-ionic, cationic, 

anionic) or chelating agents (99, 100). However, the use of these permeation enhancers may 

lead to tissue damage and may cause toxicity (100). Finally also the exact site of application 

has to be mentioned when the absorption of an API through the oral mucosa is considered. 

The structure of the oral mucosa differs at the different sites of the oral cavity regarding its 

level of keratinization or blood circulation (31). Different plasma concentration time curves 

were observed when solutions and patches were administered to different sites in a dog’s 

mouth (101). Therefore it is highly recommended, to exactly specify the site of 

administration to avoid undesired plasma concentration profiles. 

 

No matter whether oromucosal permeation is desired or not, the developer needs to know, 

if absorption through the oral mucosa occurs. Several tests are available to analyse the 

absorption or permeation of the API, released by a film formulation, through oral mucosa. 

Biorelevant dissolution tests provide information about the amount of dissolved API under 

consideration of in-vivo conditions (44). By means of tissue studies, the suitability of an API 

molecule to be absorbed through the oral mucosa was assessed (98). Finally, animal (92) and 

human volunteer (102) studies generated plasma concentration curves to compare the film 
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formulations to other dosage forms containing the same API. A further aim will be to create 

computer-based models considering all relevant parameters mentioned above to predict 

plasma curve levels without the need of animal or human volunteer studies. By predicting an 

individual plasma profile for each patient, the administered dose can be adjusted 

individually, by just cutting the films into different sizes. This flexibility distinguishes 

oromucosal films from conventional dosage forms.  

 

Conclusions  

Oromucosal films are easy to administer and their administration does not require the intake 

of large fluid volumes. Moreover, the option that these films can be cut into virtually every 

size gives them an enormous flexibility for individual dosing. These aspects makes 

oromucosal films a highly acceptable novel dosage form especially for patient groups that 

require personalized medicine or adjusted doses (e.g. children, elderly). Essential 

performance characteristics of oromucosal films include an acceptable taste, appearance 

and mouthfeel, and the absence of irritation of the mucosa. They should contain only safe 

excipients, easy to produce, when considered for extemporaneous preparations, have good 

handling properties and be stable during storage. 

 

Expert opinion  

Oromucosal films are gaining more interest as extemporaneous as well as commercially 

available dosage forms. They offer extended possibilities for individualized 

pharmacotherapy. However, compared to conventional oral dosage forms, they pose new 

problems to the pharmaceutical developer (figure 1A, B). Problem-solving requires a good 

understanding and expertise regarding the dosage form, its production process and the 

effects of formulation or process condition variations. 

 

Different methods of manufacturing are used which present different challenges that have 

to be encountered. For the manufacturing process, the viscosity of the casting solution is the 

key factor for producing suitable films. Solutions with too low viscosity are difficult to cast 

and yield films that do not meet uniformity of content requirements, and solutions with too 

high viscosity are difficult to handle due to entrapment of air bubbles. In literature different 

viscosity limits are mentioned but these limits cannot be used as a general guideline, since 
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the required viscosity depends strongly on the production method and equipment used. The 

viscosity not only depends on the amount of polymer used, but also on the type of polymer 

used. For each polymer or combinations of polymers new limits need to be set. Also the API 

may influence the viscosity. This needs to be determined for each individual API and 

concentration. 

 

Safe excipients should be used and optimal patient acceptance are necessary requirements 

to increase compliance. An acceptable taste and palatability are requirements to improve 

patient acceptance and can be achieved with appropriate excipients especially when a bitter 

API is involved. However, to prevent drug abuse it is important not to make oromucosal films 

too attractive in terms of taste and appearance. As any variation of an acceptability 

parameter will change the characteristics of the formulation, an in-depth knowledge on the 

relation between the physicochemical 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. 

 

This new dosage form will give rise to pharmacokinetic questions, as the absorption through 

the oral mucosa will vary for each formulation and for each patient, especially for 

orodispersible films. Here the suppression of permeation by using appropriate excipients is 

recommended. 

Finally, more research is needed regarding patient acceptance, manufacturing and 

bioavailability of oromucosal films. Also the Ph. Eur. needs to specify methods, requirements 

and definitions based on biorelevant data for oromucosal preparations. 
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A 

 

 

B 

 

Figure 1 
Critical attributes to meet patient needs and possible solutions. 
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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 



Chapter 8 
205 

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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De meest gebruikte toedieningsroute voor geneesmiddelen is via de mond, de orale route. 

Orale toedieningsvormen, zoals tabletten, capsules, poeders en drankjes, zijn vooral bedoeld 

voor systemische werking maar kunnen ook een lokaal effect in het maagdarmkanaal 

teweegbrengen. Een belangrijk voordeel van de orale route is de eenvoudige manier van 

toedienen.  

Een nieuwe ontwikkeling in orale toedieningsvormen is de orodispersible film (ODF). De 

eerste ODF kwam in 2000 op de markt als over-the-counter (OTC) product (mondverfrisser, 

Listerine Pocketpaks®). Tegenwoordig zijn er verschillende gepatenteerde ODFs met 

geneesmiddelen bijgekomen voor indicaties zoals pijn, misselijkheid en migraine. 

 

Orodispersible film als nieuwe toedieningsvorm 

De laatste jaren is er meer aandacht voor en behoefte aan op maat gemaakte 

farmaceutische bereidingen. Patiëntgroepen, zoals ouderen of kinderen, die niet uitkomen 

met de op de markt beschikbare preparaten, zijn gebaat bij ‘bereidingen op maat’. Deze (op 

kleine schaal gemaakte preparaten) dragen bij aan een flexibele manier van doseren en 

vergroten daarmee de therapietrouw van de patiënt en verbeteren daardoor het beoogde 

farmacotherapeutische effect. Een orale toedieningsvorm die hiervoor uitermate geschikt is, 

is de oromucosale film.  

 

In 2012 werd deze toedieningsvorm voor het eerst gedefinieerd in de Europese Farmacopee. 

De definitie maakt onderscheid tussen de mucoadhesieve bucale film (MBF) en de 

orodispersible film (ODF). Beide toedieningsvormen zijn bedoeld voor toediening in de 

mondholte. De basis van zowel een MBF als een ODF bestaat uit polymeren waarin het 

geneesmiddel is verwerkt.  

Het verschil tussen de toedieningsvormen is de verblijfsduur in de mond en de manier 

waarop het geneesmiddel door het lichaam wordt opgenomen. Een MBF wordt tegen het 

wangslijmvlies geplakt, waarna deze langzaam uiteenvalt (desintegreert). Het geneesmiddel 

wordt voor het grootste deel opgenomen via het wangslijmvlies (de orale mucosa). Als 

gevolg hiervan kan deels de onmiddellijke afbraak van het geneesmiddel door de lever, het 

zogenaamde first-pass effect, worden omzeild. MBFs kunnen worden toegepast bij zowel 

systemische als lokale aandoeningen. Lokale toepassingen zijn onder andere pijnstilling 

(lidocaïne) of een antimicrobiële therapie bij candidiasis. 
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Een ODF wordt eveneens in de mond geplaatst, waar deze direct plakt aan de tong of het 

gehemelte en vervolgens snel desintegreert. Het geneesmiddel wordt voor een groot deel 

met het speeksel doorgeslikt, waarna het geneesmiddel vanuit het maagdarmkanaal wordt 

opgenomen in het lichaam. In sommige gevallen zal een deel van het geneesmiddel ook 

worden opgenomen via de orale mucosa. Een ODF is vooral bedoeld voor systemische 

aandoeningen. 

 

Het toedienen van geneesmiddelen via een ODF heeft een aantal voordelen. Bij de inname is 

geen grote hoeveelheid vloeistof nodig. De inname van vloeistof is noodzakelijk bij de 

dagelijkse inname van tabletten of capsules en kan een probleem zijn voor patiënten met 

slikproblemen. Tevens kan het toedienen van geneesmiddelen per ODF een toedieningsvorm 

van keuze zijn als de rectale (via zetpil) of parenterale route (via injectie) niet mogelijk of 

ongewenst is. Doordat de ODF direct aan de tong of het gehemelte plakt, kan deze niet 

worden uitgespuugd en hoeft de patiënt niet bang te zijn zich te verslikken. ODFs kunnen 

makkelijk in stukjes worden geknipt, wat een grote flexibiliteit in doseren met zich 

meebrengt.  

Een ideale ODF is dun, flexibel, makkelijk toe te dienen, stabiel en heeft een acceptabele 

smaak. ODFs kunnen zowel op industriële (grote) schaal als op kleine schaal 

(apotheekbereiding) worden bereid. 

 

Samenstelling 

Een ODF bevat behalve het geneesmiddel verschillende wateroplosbare polymeren, 

weekmakers en water als oplosmiddel. Daarnaast kunnen, afhankelijk van het gekozen 

polymeer en het geneesmiddel, hulpstoffen worden toegevoegd zoals: vulstof, kleurstof, 

speeksel stimulerende stoffen, antioxidanten, hulpstoffen om de pH in te stellen, 

smaakstoffen of co-solventia zoals ethanol of aceton. 

De hoeveelheid geneesmiddel, die per ODF kan worden verwerkt, is beperkt. Om die reden 

is deze toedieningsvorm alleen geschikt voor sterker werkzame en dus lager gedoseerde 

geneesmiddelen. Een ODF is bij voorkeur dun (maximaal 1 mm dik) en heeft een oppervlakte 

tussen 2 – 10 cm2. Een afwijkende dikte of grootte om meer geneesmiddel per ODF te 

verwerken is mogelijk, maar wordt door de patiënt doorgaans als onprettig ervaren. 
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Voor een directe hechting aan de tong of het gehemelte moeten de polymeren goede muco-

adhesieve eigenschappen bezitten. De meest gebruikte polymeren zijn cellulosederivaten 

zoals carboxymethylcellulose, hydroxypropylcellulose, hydroxyethylcellulose en 

hydroxypropylmethylcellulose. Naast deze (semi)synthetische polymeren kan er ook gebruik 

worden gemaakt van natuurlijke polymeren zoals chitosan, zetmeel of maltodextrine. In 

industriële bereidingen worden ook de meer kostbare polymeren pullulan en lycoat 

toegepast. 

 

Als weekmakers worden glycerol, propyleenglycol en polyethyleenglycol gebruikt. 

Weekmakers worden toegevoegd om te voorkomen dat de ODFs te bros worden en breken 

bij het verwijderen van de verpakking of bij het toedienen aan de patiënt. Als smaakstof 

(zoetstof) wordt meestal sucrose of sucralose gebruikt. Indien een geneesmiddel slecht 

wateroplosbaar is, kan gebruik worden gemaakt van een co-solvents (ethanol of aceton). 

Voor alle toegevoegde hulpstoffen moeten we goed nagaan wat de mogelijke schadelijke 

effecten kunnen zijn voor de patiënt, in het bijzonder voor kinderen. Veiligheid van alle 

gebruikte ingrediënten staat voorop. Voor co-solventia kan na afloop van de bereiding, in 

verband met de gezondheidsrisico’s voor de patiënt, het restgehalte worden bepaald. 

 

Bereidingswijze 

De meeste gebruikte bereidingsmethode voor ODFs (op kleine schaal en ook op industriële 

schaal) is de ‘solvent casting methode’. Deze methode is relatief makkelijk en er wordt geen 

gebruik gemaakt van dure materialen of geavanceerde machines. Bij de solvent casting 

methode worden de wateroplosbare polymeren, weekmakers en overige hulpstoffen 

opgelost in water. Het geneesmiddel wordt opgelost of gesuspendeerd in water of opgelost 

in een combinatie van water en co-solventia. Deze oplossing wordt vervolgens toegevoegd 

aan de polymeeroplossing en geroerd tot er een heldere oplossing is verkregen. De oplossing 

wordt in een mal gegoten, die de vloeistof met een bepaalde snelheid en met een bepaalde 

hoogte verdeelt over een onderlaag (de release liner). De aldus verkregen film wordt 

gedroogd en na het drogen op maat geknipt of geponst (zie figuur 1). 
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Figuur 1 
Bereiden van ODFs met behulp van de solvent casting methode. 
 

Een andere, maar in de industrie minder vaak gebruikte, methode is het bereiden via ‘hot 

melt extrusion’ (HME). Deze methode is ongeschikt voor de kleinschalige bereiding in de 

apotheek. Bij HME worden het geneesmiddel en de overige bestanddelen gemengd en 

verwarmd. Het verwarmde mengsel wordt door een mal geperst waarna een dunne film 

ontstaat. Het voordeel is dat er geen water of andere oplosmiddelen worden gebruikt. Deze 

methode is echter niet geschikt voor thermolabiele geneesmiddelen.  

 

De nieuwste ontwikkeling op het gebied van ODF bereiding is het printen van een 

geneesmiddel op een blanco ODF. Vooraf wordt een blanco ODF laag bereid met behulp van 

de solvent casting methode. Na het drogen wordt met behulp van een printer een precieze 

hoeveelheid geneesmiddel of een combinatie van geneesmiddelen per oppervlakte-eenheid 

geprint, waarna de ODF uitgeknipt kan worden. Afhankelijk van de dosering kan meer of 

minder geneesmiddel per oppervlakte-eenheid worden geprint. Het voordeel van deze 

methode is dat de hoeveelheid geneesmiddel per ODF aangepast kan worden en dat 

meerdere combinaties van geneesmiddelen mogelijk zijn. 
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Samenvatting van de hoofdstukken in dit proefschrift  

 

De ODF als bereiding op maat 

In hoofdstuk 2 wordt de ODF als ‘bereiding op maat’ nader beschreven.  

Voor er kan worden overgegaan tot een bereiding in een (ziekenhuis)apotheek, moet de 

apotheker zich ervan vergewissen dat er geen commercieel alternatief beschikbaar is. Na het 

vaststellen van de farmacotherapeutische rationale, kan de bereiding onder strenge 

kwaliteitscondities (good manufacturing practice, GMP) worden uitgevoerd.  

Voor een aantal geneesmiddelen is er een directe behoefte in ziekenhuizen. Kinderen die te 

vroeg geboren worden of die vanwege het ziektebeeld geen tabletten kunnen slikken of 

vloeistoffen mogen innemen, zouden dan ook zeer gebaat zijn bij toediening van 

geneesmiddelen via een op maat gemaakte ODF.  

 

Het ontwerpen van een basisoplossing voor ODFs 

Tot op heden is er geen basisoplossing op de markt of een formulering beschreven, die 

gebruikt kan worden als uitgangspunt bij de ODF bereiding op kleine schaal.  

In hoofdstuk 3 worden diverse filmvormende polymeren, combinaties van filmvormende 

polymeren en weekmakers getest op de geschiktheid voor een basisoplossing voor de ODF 

bereiding. De ontwikkelde basisoplossing bestaat uit de volgende ingrediënten: 

hydroxypropylmethylcellulose, carbomer 974P, natriumedetaat, trometamol en water als 

oplosmiddel. Aan deze basisoplossing worden vervolgens geneesmiddelen toegevoegd in 

lage, voor kinderen geschikte, dosering: het wateroplosbare enalapril (maleaat) en 

prednisolon (dinatriumfosfaat) en het niet wateroplosbare diazepam.  

Het is mogelijk gebleken om een ODF met een lage dosering enalapril, prednisolon of 

diazepam te bereiden op kleine schaal. Uit het onderzoek kwam naar voren dat een 

verhoging van de dosering enalapril of prednisolon een negatief effect heeft op de viscositeit 

van de basisoplossing. Voor het oplossen van diazepam was ethanol nodig. Het gebruik van 

deze cosolvens had ook een negatieve invloed op de viscositeit van de basisoplossing. 
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Optimaliseren van een formulering 

Een goede ODF is flexibel, makkelijk toe te dienen, niet bros en blijft niet aan de vingers 

plakken. De eigenschappen van een ODF hangen nauw samen met de keuze, combinatie en 

concentratie van de gebruikte bestanddelen. In hoofdstuk 4 wordt de ontwikkelde 

basisoplossing uit het vorige hoofdstuk geoptimaliseerd met behulp van de ‘quality by 

design’ (QbD) aanpak. Deze methode wordt in de farmaceutische industrie gebruikt bij 

preformulering en bestaat uit het opstellen van een ‘quality target product profile’. Hierbij 

worden de kritische proces- en productparameters vastgesteld, die van invloed zijn op het 

eindproduct. Zo kan voor een ODF de concentratie aan filmvormende polymeren of de 

hoeveelheid toegevoegde weekmaker de kwaliteit van het eindproduct beïnvloeden. Met 

behulp van een softwareprogramma (zoals Design-Expert®) kan de optimale combinatie van 

verschillende bestanddelen inzichtelijk worden gemaakt aan de hand van 3D plots (figuur 2). 

De laatste stap in de QbD methode is het creëren van een ‘design space’ (bandbreedte). 

Zolang de formulering en procesvariabelen binnen deze design space blijven, zal steeds een 

product worden bereid met goede kwaliteit. 

 

 

Figuur 2 
Optimaliseren van een formulering met behulp van quality by design. 
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De invloed van enalapril op de basisoplossing en ontwerp van een dubbellaagse ODF 

Zoals eerder vermeld had enalapril in hogere doseringen een negatieve invloed op de 

viscositeit van de basisoplossing. De invloed was dusdanig, dat de oplossing te vloeibaar 

werd en niet geschikt was voor de ODF bereiding. In hoofdstuk 5 onderzoeken we de invloed 

van enalapril op een aantal filmvormende polymeren. Verschillende doseringen worden aan 

de basisoplossing toegevoegd en aan oplossingen met alleen hydroxypropylmethylcellulose 

of carbomeer 974P als filmvormend polymeer. Het bleek dat enalapril een invloed heeft op 

de gelvorming, dit wordt ook wel het uitzouten genoemd.  

Om de dosis enalapril per ODF te kunnen verhogen worden vervolgens twee verschillende 

methoden onderzocht: het verhogen van de casting hoogte en de mogelijkheid van een 

dubbellaagse ODF. In kader van het laatste wordt ook de verenigbaarheid van diverse 

filmvormende polymeren onderzocht. 

Het verhogen van de casting hoogte had niet een evenredige verhoging van de dosis tot 

gevolg. Dit betekent dat voor elke nieuwe (verhoogde) dosering een nieuwe basisoplossing 

moet worden ontwikkeld. Wel bleek het mogelijk om de dosis te verdubbelen met twee 

lagen van dezelfde oplossing. Niet alle combinaties van filmvormende polymeren zijn echter 

geschikt voor een dubbellaagse ODF. Bij diverse combinaties lieten de lagen met andere 

polymeren los, ontstonden er gaten in de film of gaven twee lagen van hetzelfde polymeer 

een onacceptabele dikke film. 

 

Het ontwerpen van een ODF met plantaardige extracten 

Tot nu toe richtte het onderzoek zich op het ontwikkelen van een ODF met sterk werkzame 

geneesmiddelen. In hoofdstuk 6 wordt de mogelijkheid onderzocht om vijf plantaardige 

extracten in een ODF te verwerken. De geselecteerde plantenextracten worden in Indonesië 

gebruikt in de traditionele geneeskunde, oftewel jamu. De dosering van de plantaardige 

extracten is vele malen hoger dan de tot nu toe verwerkte geneesmiddelen. Om die reden 

zullen de plantaardige extracten niet oplossen maar suspenderen in de basisoplossing.  

Met alle extracten konden ODFs worden bereid. Voor een aantal was de ontwikkelde 

basisoplossing niet geschikt en moest een nieuwe basisoplossing worden ontworpen. De 

maximale gewenste dosering kon niet worden bereikt, maar het is mogelijk dat de patiënt 

meerdere ODFs inneemt voor de juiste dosering. 
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De oromucosale film: bereidingstechnische- en patiënt-gerelateerde problemen  

Vanuit de autoriteiten, via de Europese Farmacopee, worden geen concrete eisen gesteld 

aan de oromucosale film als toedieningsvorm. Er wordt alleen een aanbeveling gegeven: de 

films moeten goede mechanische eigenschappen hebben (niet te plakkerig zijn en niet te 

bros) en snel desintegreren. 

Tijdens de ontwikkeling en de bereiding van MBFs en ODFs, zowel op kleine als ook op 

industriële schaal, doen zich echter allerlei problemen voor. In hoofdstuk 7 worden deze 

problemen in kaart gebracht en worden mogelijke oplossingen besproken. 

Het algemene probleem in de bereiding blijft de viscositeit van de basisoplossing. Als deze te 

dik is, is het erg lastig om luchtbellen te verwijderen. Als deze te dun is loopt de oplossing 

van de release liner af en is daardoor niet langer geschikt voor de bereiding. Daarnaast zijn 

van belang een snelle desintegratietijd, goede mechanische eigenschappen en een 

voldoende fysische-, chemische- en microbiologische stabiliteit. Voor de patiënt moet de 

toedieningsvorm een acceptabele smaak hebben, niet irriteren, goed aan het mondslijmvlies 

dan wel de tong hechten en veilig zijn in gebruik.  
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De productie is ten einde, de film is klaar en de rode loper kan uit.  

Velen hebben mij geholpen met het tot stand komen van dit proefschrift. Via deze weg wil ik 

iedereen van harte bedanken en een aantal in het bijzonder. 

 

Erik Frijlink en Herman Woerdenbag, als promotor en copromotor hebben jullie voor mij een 

belangrijke rol gespeeld. 

 

Beste Erik, hartelijk bedankt dat je me de kans hebt geboden om naast mijn werk als docent 

te promoveren.  

Het maken van een film klinkt zo makkelijk, maar niets is minder waar. De eerste jaren heb ik 

besteed aan de zoektocht naar de juiste samenstelling en de juiste apparatuur. Je hebt me 

alle tijd en vrijheid gegeven om mijn weg te vinden. Jouw hulp en connecties zorgden ervoor 

dat het onderzoek een zet kreeg in de goede richting.   

Waarschijnlijk ben ik de enige promovendus, die een kat heeft gekregen van jou. Hoe Happy 

ben ik met dat cadeau geweest! 

 

Beste Herman, het duurde enige tijd voor je de rol van copromotor definitief kreeg 

toegewezen. Onbegrijpelijk dat dat zo lang moest duren…  

De afgelopen jaren heb ik veel geleerd van je goede en opbouwende kritiek. Ik ben erg 

dankbaar voor jouw betrokkenheid en hulp tijdens het hele promotietraject.  

Ik heb veel gehad aan ons wekelijks werkoverleg, waardoor het onderzoek in goede banen 

werd geleid. Op feedback heb ik nooit lang hoeven wachten, je hield de vaart erin. 

Jouw voorliefde voor koken kwam in het onderzoek naar voren: op de fiets naar de toko om 

ingrediënten te halen (tapioca) of naar de winkel om een bakplaat te kopen, die we als 

release liner voor de productie van de filmpjes gebruikten. Al jouw creatieve ideeën hebben 

uiteindelijk geleid tot een mooi product. 

De samenwerking heb ik als zeer prettig ervaren en ik ben dan ook blij dat we na dit traject 

blijven samenwerken. 

 

De beoordelingscommissie, prof dr. Francesco Picchioni, prof. dr. Arnold Vulto en prof. dr. 

Bob Wilffert. Hartelijk bedankt voor het beoordelen van mijn proefschrift. 
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Marinella Visser, ik vind het erg gezellig om jou als kamergenoot te hebben (dezelfde 

achternaam en dezelfde kamer zorgt nog wel eens voor verwarring). Ik wil je hartelijk 

bedanken voor het delen van je kennis over en hulp bij het gebruik van verschillende 

apparaten. De werkdagen onderbreken we regelmatig met prettige gesprekken, zowel werk 

gerelateerd als persoonlijk. Ik kijk met plezier uit naar de samenwerking tijdens de komende 

practica. We hebben dan vast tijd om tussendoor nieuwe detectiveseries te bespreken. 

 

De collega’s van de basiseenheid Farmaceutische Technologie en Biofarmacie, op 

verschillende manieren hebben jullie mij geholpen. Ook al bedank ik niet iedereen 

persoonlijk, dat betekent niet dat ik minder dankbaar ben voor de geboden hulp en 

samenwerking. 

Wouter Hinrichs, dank je wel dat ik gebruik heb mogen maken van je expertise. Jouw 

enthousiasme heeft ertoe geleid, dat ik zelfs een keer de vriesdroger heb gebruikt. 

Anko Eissens, ik maak nog steeds dankbaar gebruik van het winkelmandje.  

Jan Ettema, jij verdient een oscar. Jouw bereidwilligheid is ongekend, dank je wel. 

 

Alle bachelor- en masterstudenten die in de loop der jaren hebben meegewerkt aan het 

onderzoek, mijn dank is groot. Ik heb met plezier met jullie samengewerkt. Jullie 

onderzoeken hebben bijgedragen aan de totstandkoming van een aantal publicaties. 

 

De collega’s van de opleiding Farmacie en ‘Loos Group: Macromolecular Chemistry and New 

Polymeric Materials’. 

Meint Lukkien en Jan Willem Meints (de meneren Meint(s)), dank jullie voor de hulp bij 

dunnelaagchromatografie en het bepalen van het ethanolgehalte. 

Jan Drent, dank je wel voor de gezellige gesprekken. Ze worden vervolgd. 

Prof. dr. Katja Loos, Gert Alberda van Ekenstein en Albert Woortman, hartelijk bedankt voor 

jullie deskundige hulp bij het meten van de mechanische eigenschappen en de geboden 

gastvrijheid op het lab. 

 

Lidwien Hanff, hartelijk bedankt voor jouw bijdrage aan dit onderzoek. Door het bezoek aan 

de apotheek en kinderafdeling van het Erasmus MC in Rotterdam werd de connectie tussen 

theorie en praktijk inzichtelijk.  
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Prof. dr. Jörg Breitkreutz, Maren Preis und Raphael Krampe, herzlichen Dank für ihre Hilfe 

und Gastfreundlichkeit.  

Gaby Eugresya, Christina Avanti and Raymond Tjandrawinata, thank you for the nice 

cooperation. 

Marco Jansen van Loparex, hartelijk bedankt voor het leveren van de release liner en je 

snelle reactie op mijn vragen. 

 

De paranimfen Monique Platvoet en Aaffiena Visser, jullie hebben het hele promotietraject 

vanaf het begin meegemaakt.  

Monique, dank je wel voor de prettige samenwerking en vriendschap. De gesprekken met 

jou maken mij een rijker mens.  

Aaffiena, zus, dank je wel voor je steun. Je bent er altijd voor mij en daarvoor ben ik 

ontzettend dankbaar. 

 

Mijn ouders, Renze Visser en Autie Visser-Boekhoudt, na vele jaren, verschillende studies en 

verschillende projecten denk ik echt dat het nu genoeg is geweest (hoewel, misschien…).  

Welke studie of welk (privé)project ik ook startte, al die jaren zijn jullie zeer geïnteresseerd 

geweest en hebben jullie alles op de voet gevolgd. Ik wil jullie hartelijk danken voor jullie 

nimmer aflatende steun.  

 

Lieve Gerco, een promotietraject aangaan naast je werk is niet ideaal. Dat hebben we beiden 

ondervonden. Het traject is zo nu en dan zwaar. Ik was in de gelukkige positie dat ik het 

traject samen met jou heb mogen doorlopen. Jouw oppeppende woorden en altijd 

aanwezige hulp hebben mij ontzettend geholpen bij bijvoorbeeld de (voor mij) frustrerende 

computerklussen. Ondanks de zware tijd vond ik het erg fijn en gezellig om in de avonduren 

of in het weekend tegelijk met jou ‘nog even iets af te ronden’. Het afronden zit er nu op en 

het wordt tijd voor een nieuwe uitdaging waar we nog vele jaren samen aan kunnen werken. 

Ik weet er wel één…..



 

  



 

 

 
 

 


