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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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