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Abstract: 

Warfarin is a narrow therapeutic index drug that requires personalized dosing which is currently not 

achieved by the marketed products. Further, pediatric and geriatric patients may face swallowing 

problems with solid oral dosage forms. To face these issues, the aim of the present study was to 

investigate semisolid extrusion 3D printing for production of warfarin containing orodispersible films. 

Extrusion 3D printing was successfully utilized to produce transparent, smooth and thin, yet flexible and 

strong orodispersible films containing therapeutic doses of warfarin (3.9-7.4 mg). Excellent linearity (R2 

= 0.9996) between the designed sizes of the films and the drug contents was achieved indicating 

semisolid extrusion 3D printing as a promising way to produce orodispersible warfarin films with 

personalized doses. This one-step-process utilizes disposable syringes hindering the printing material 

to be in contact with the printing equipment making it a potential method for on-demand in-hospital 

compounding. 

 

Keywords: warfarin sodium; additive manufacturing; 3D printing; drug delivery; orodispersible films; 
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1. Introduction 

Warfarin sodium is widely used for treatment and prevention of thromboembolic events, but managing 

a proper anticoagulation is challenging due to a broad dose regimen, ranging from 4.5-77 mg per 

week, and a high risk of life-threating complications outside the targeted narrow therapeutic window 

(Kimmel, 2008; Reynolds et al., 2007; Wadelius et al., 2004). Individualized doses of warfarin are required 

for successful treatment, but only fixed doses of solid tablets are commercially available, leading to the 

need of splitting tablets, multiple tablet ingestion or alternate doses, all of which complicate the 

administration of the drug, reduce compliance and may lead to adverse outcomes. In therapeutic 

challenges like this, there is an obvious demand to move away from mass-oriented drug delivery 

systems and towards personalized dosage forms in order to solve the issues related to drugs with a  

narrow therapeutic index (Alomari et al., 2015). Both splitting of tablets and administration of liquid 

dosage forms allow personalized dosing. However, these approaches do not offer precise dosing (Hill 

et al., 2009; Yin et al., 2011). There is an evident clinical need for personalization medicine which would 

enable effective and safe treatment and prevention of thromboembolic events connected to the use of 

warfarin. 

Precise, rapid and flexible manufacturing technologies capable of producing tailored 

dosage forms are needed for the production of personalized medicine at point-of-care. Ideally, 

personalized medicine should be simple, accurate, inexpensive, robust and suitable for the majority of 

the population (Wening and Breitkreutz, 2011). Printing technologies have gained more interest in the 

pharmaceutical field for enabling on-demand fabrication of personalized medicine and customized 

dosage forms (Sandler and Preis, 2016). Additive manufacturing or three-dimensional (3D) printing 

includes a variety of manufacturing techniques that layer-by-layer build up 3D geometries using 

computer-aided design (CAD). Compared to conventional pharmaceutical processes, 3D printing offers 

possibilities for increased product complexity, personalization and on-demand manufacturing (Goole 

and Amighi, 2016; Norman et al., 2017), as well as accurate and cost-effective production that provides 

an opportunity for in-hospital compounding (Sandler and Preis, 2016). Different printing technologies 

have been investigated. For example, fused deposited modeling (FDM) 3D printing has been utilized 

for modifying the release by changing infill (Goyanes et al., 2015a) or geometry (Goyanes et al., 2015b). 

Powder bed fusion 3D printing was used to produce tablets with linear release profiles (D. G. Yu et al., 

2009) and fast disintegrating tablets (D.-G. Yu et al., 2009). Moreover, so-called polypills that contain 

multiple drugs, were made using semisolid extrusion (EXT) 3D printing (Khaled et al., 2015). Inkjet 

printing again has been used for imprinting pre-casted orodispersible films (ODFs) with drug-containing 

inks (Buanz et al., 2015; Wickström et al., 2017). Spritam® is the first, and so far the only, 3D-printed 

drug product with FDA’s approval gained in August 2015. This product is produced by powder bed 

fusion technology (FDA, 2015). 

Three different printing technologies have been investigated to produce personalized 

warfarin sodium containing dosage forms. Vuddanda et al. utilized a modified thermal inkjet printer to 

deposit warfarin sodium ink onto cast and dried ODFs (Vuddanda et al., 2018). Arafat et al. investigated 

the use of FDM 3D printing to fabricate tablets from sodium warfarin loaded filaments that were pre-

compounded using hot melt extrusion (HME) (Arafat et al., 2018). The 3D powder bed fusion technology 

was investigated by Tian et al. to produce mouth-disintegrating warfarin sodium tablets (Tian et al., 

2018). In the present study, EXT 3D printing, also called pressure-assisted microsyringe (PAM) printing, 



is investigated. In EXT 3D printing semisolid materials such as gels or pastes are extruded layer-by-layer 

from the nozzle onto the build plate. This technology was first utilized to print living cells and is therefore 

also called extrusion-based bioprinting (Rezaie et al., 2018). 

 Production of orodispersible dosage forms addresses the issue of swallowing problems 

encountered with pediatric and geriatric patients, both of which are typically treated with warfarin. Upon 

contact with saliva, the stamp-size ODFs rapidly dissolve, leading to improved patient compliance. ODFs 

should be thin, available in various sizes, non-obstructive, rapidly disintegrating without added water 

and show fast drug release. The conventional approaches to produce ODFs are: solvent casting, HME, 

semisolid casting, solid dispersion extrusion, and rolling (Bala et al., 2013). 

This work aimed to assess the suitability of EXT 3D printing in fabrication of personalized 

warfarin containing proof-of-concept ODFs that could potentially be used for the treatment and 

prevention of thromboembolic events to address and overcome treatment challenges related to 

conventional tablets. The printability and physicochemical properties of different formulations were 

studied.  

 

2. Material and methods 

2.1 Materials 

Warfarin sodium was purchased from Sigma-Aldrich (USA), polyvinyl alcohol (PVA) (Mowiol 4-98, MW 

~27,000) was purchased from Sigma-Aldrich (Germany), hydroxypropyl cellulose (HPC) (Klucel EXF) was 

kindly provided by Ashland (Switzerland) and ethanol (Etax A, min. 94.0 w-%) was purchased from Altia 

(Finland). The water that was used was purified by Millipore SA-67120 from Millipore (France) and all 

reagents were of analytical grade and used without further purification. 

 

2.2 Preparation of the ink 

A set of 20 g solution batches were prepared by dissolving 10, 12.5, 15, 17.5, 18, 19 and 20% (w/w) of 

PVA in the solvent mixture of ethanol and purified water (ratio 1:1, w/w). The solutions were stirred on 

a heated magnetic stirrer set to 90 ˚C for 8 h and subsequently left to cool to room temperature under 

constant agitation. Another set of 30 g solution batches were prepared by dissolving 10, 12, 14, 16, 18 

and 20% (w/w) of HPC in the solvent mixture. The solutions were constantly agitated at room 

temperature for 12 h before printing. The drug-loaded printing ink consisted of 1.3% (w/w) warfarin 

sodium and 16% (w/w) HPC dissolved in a mixture of ethanol and purified water (ratio 1:1, w/w). The 

drug-loaded solution was constantly agitated for 12 h at room temperature before printing. 

 

2.3 Computer-aided design 

Squares with the dimensions shown in Table 1 were designed using Autodesk Inventor® Professional 

2019 (Autodesk Inc., USA). In Fig. 1 the designed rectangles can be seen, four intact films and one film 

with a square shaped void in the middle. The two films of 100 mm3 were designed to examine design 

effect on the dissolution profile. The designs were saved as stereolithography (.stl) files and exported 



into the RepetierHost V1.61 (Germany) for determination of the printing parameters and sliced into G-

code files that are readable by the EXT 3D printer software. The printing settings were set to a layer 

height of 0.5 mm, with a density and first layer height of 100%, first layer extrusion width of 30% and 1 

perimeter. The printer was set to print with a speed of 8 mm/s in a rectilinear pattern. Time to print the 

prepared designs were 1 min 13 sec for the smallest design and 5 min 7 sec for the biggest design. 

 

Table 1 

Dimensions of the designed squares with target drug amounts to be printed with the EXT 3D printer. 

Aimed drug amount (mg) Size (mm) Volume (mm3) 

1.0 10.000 x 10.000 x 0.2500 25 

2.0 14.1421 x 14.1421 x 0.2500 50 

4.0 20.000 x 20.000 x 0.2500 100 

8.0 28.2843 x 28.2843 x0.2500 200 

4.0 
24.495 x 24.495 x 0.2500 

with a void size of 14.1421 x 14.1421 x 0.2500 
100 

 

 

Fig 1.  Squares designed with Autodesk Inventor® Professional 2019 (Autodesk Inc., USA) to be EXT 3D printed. 

The four first squares from left to right are designed as 25, 50, 100 and 200 mm3 squares, and the square furthest 

to the right is designed as 100 mm3 with a void. 

 

2.4 Semisolid extrusion 3D printing 

In the present study BioBots 1 (BioBot, USA) EXT 3D printer was utilized. The prepared PVA and HPC 

solutions were all investigated using the EXT 3D printer to determine the best polymer percentage. 

Syringes of 10 mL attached with 21 G needle tips were filled with the polymer solutions, and the pressure 

was adjusted to suit each solution. All the above-mentioned designs were printed with the chosen 16% 

HPC solution on transparent copier film (Folex imaging, X-10.0), and weighed as wet to determine the 

needed drug percentage to achieve the target drug amounts, 1, 2, 4, and 8 mg of warfarin sodium, in 

the prepared ODFs. 

 

 



2.5 Characterization of the dosage forms 

2.5.1 Physical appearance 

The appearance of the prepared films was evaluated by visual observation. Five films of each size 

(unloaded and drug-loaded films) were measured regarding lengths of the sides and the thickness 

taken in five different places (center and four corners) (Bala et al., 2013) using a micrometer screw 

(Mitutoyo Digimatic Caliper, Mitutoyo Corporation, Japan) and the mean lengths and thicknesses with 

standard deviations were calculated. The weight of the films was measured directly after printing, still 

wet, and the films were left to dry at ambient conditions for 24 h and weighed again when dried.  

 

2.5.2 Puncture test 

Film burst strength and flexibility of the films was determined by a puncture test. Unloaded and drug-

loaded 100 mm3 films were measured with the Texture Analyser TA-XTplus (Stable Micro Systems, 

Godalming, UK) set up with the film support rig and a 5 mm stainless steel ball probe. The test speed 

was set 1 mm/sec and trigger force to 5 g. As result, the film burst strength (in N) and the distance to 

burst (in mm), that can be interpreted as the flexibility, were gained. The measurements were performed 

in triplicate at ambient conditions (n=3).  

 

2.5.3 Moisture content 

The moisture content was performed on unloaded and drug-loaded 100 mm3 films using a Radwag 

Mac 50/NH (Poland). The measurements were performed at ambient conditions. One film at a time was 

placed in the moisture analyzer on aluminum pans. The measurement is based on the amount of weight 

loss (moisture evaporation) during heating up to 120 ̊ C. Three samples (n=3) of each film was measured, 

the results were gained in mass-% weight loss and the average and standard deviation were calculated. 

 

2.5.4 Surface pH test 

The surface pH measurements were performed at room temperature by adding 1 mL of purified water 

on top of the unloaded and drug-loaded 100 mm3 films and letting it sit for 30 sec before measurement. 

The pH was noted after bringing the electrode of the pH meter in contact with the solution and allowing 

equilibration for 1 min. The average of three determinations for each formulation was calculated (n=3).  

 

2.5.5 Drug content 

The drug contents of the films were determined by immersing the films in 250 mL flasks containing 100 

mL of purified water. The flasks were shaken for 4 h in a mechanical shaker. After suitable dilutions with 

purified water, the absorbance values were measured utilizing a UV-Vis spectrophotometer (Lambda 

35, PerkinElmer, Singapore) at 207.0 nm using a placebo film solution as blank, and the drug content 

was calculated. Samples were measured in triplicate (n=3). 

 



2.5.6 In vitro dissolution 

In vitro drug release studies were performed on the ODFs to assess the drug release profile. Samples 

were accurately weighed and placed in 250 mL flasks containing 100 mL of purified water. The flasks 

were placed in a shaking water bath (Julabo SW22, Germany), set to 37 °C and 50 rpm. Spiral capsule 

sinkers were used to prevent the films to float up to the surface of the media. Aliquots of 2 mL were 

manually withdrawn at 0.5, 1, 1.5, 2, 2.5, 3, 5, 15, 30, 60, 120, and 180 min time intervals and replaced 

with the same amount of fresh media maintained at 37 °C. Samples were assayed by a UV-Vis 

spectrophotometer at 207.0 nm, using placebo film solutions as blank. The method was adapted from 

(Preis et al., 2014). The results were expressed as the mean of three determinations and the percentage 

of drug dissolved at the specific time points were calculated based on drug amount achieved in the 

drug content study and plotted against time (n=3). 

 

2.5.7 In vitro disintegration 

It is very difficult to mimic in-use conditions for ODFs, but according to Scarpa et al., the drop method 

is a more relevant disintegration method compared to the petri dish method and was therefore chosen 

as the method to determine the disintegration time of the prepared ODFs. Disintegration was 

determined for the unloaded and drug-loaded 100 mm3 films. One film at the time was placed in the 

Texture Analyser TA-XTplus film support rig and one drop of 0.2 mL purified water was placed in the 

hole on top of film. The time until the film broke, and the drop dropped through, was recorded. The 

measurements were made in triplicate (n=3).  

 

2.5.8 Differential scanning calorimetry 

Thermal analysis was performed using differential scanning calorimetry (DSC, Q2000, TA Instruments, 

USA). Pure drug, HPC and a physical mixture of them, as well as the unloaded and drug-loaded films, 

were measured. Each sample > 5 mg was placed in aluminum Tzero pans with lids, an empty pan was 

used as reference. A DSC ramp with a constant heating rate of 10 ˚C/min up to 230 ˚C was performed 

on all samples, with a nitrogen flow rate of 50 mL/min. 

 

2.5.9 Attenuated Total Reflection-Fourier Transform Infrared Spectroscopy 

Attenuated Total Reflection-Fourier Transform Infrared Spectroscopy (ATR-FTIR) was performed with 

PerkinElmer UATR Two (UK). Spectra were collected for warfarin sodium, HPC, a physical mixture of the 

pure substances, unloaded HPC film and drug-loaded HPC film, all in the range of 4000-450 cm-1 with 

4 accumulations and at a resolution of 4 cm−1. The samples were placed one at the time on top of the 

diamond in the FTIR and the pressure was adjusted to 75 N. For all the samples the baseline was 

adjusted to remove fine slopes, normalization was performed and a data tune-up to smooth out the 

spectrum and correct the baseline. 

 

 



 

3. Results and discussion 

3.1 Characterization and printing of ink 

The 10 and 12.5% PVA solutions showed too low viscosity while the 20% solution possessed too high 

viscosity for EXT 3D printing. The solutions containing 15, 17.5, 18, and 19% of PVA were all printable 

with a 21 G nozzle and pressure of around 15 PSI. Based on the evaluations the solution containing 18% 

PVA was considered the best suitable solution. The printed squares of the 18% PVA solution were left 

to dry for 24 h. When dried the PVA films were very curved and rigid, subsequently not suitable as 

orodispersible films and no further studies were performed on the PVA solutions. Of the HPC solutions, 

the 10% solution indicated a too low viscosity while all the other solutions were printable with a 21 G 

nozzle at a pressure around 10 PSI. The best print quality was gained with the 16% HPC solution at 10.4 

PSI. The 18 and 20% HPC solutions were printable, but the high viscosity resulted in the ink being back 

drawn into the syringe while printing. The printed HPC films were left to dry overnight and were smooth 

and flexible when dried showing suitability to be used as ODFs. 

 

3.2 Physical appearance 

The prepared ODFs were homogenous, colorless, transparent and flexible, with a smooth surface as can 

be seen in Fig. 2. All the films were easily peeled off the transparent copier film with the help of a scalpel. 

When handling the films, a slight reduction in the flexibility could be noticed for the drug-loaded films 

compared to the unloaded films. In table 2, the size and weight of both unloaded and drug-loaded 

films are listed. The unloaded films were printed with a slightly higher pressure (10.4-10.6 PSI) compared 

to the drug-loaded films printed with a pressure of 10.0-10.2 PSI, resulting in bigger films. It is necessary 

to determine the uniformity of the weight as it directly relates to the dose accuracy of the film. The films 

had good linearity (R2 = 0.9997 for dried drug-loaded ODFs) regarding weight and showed a low 

standard deviation, which indicates good drug content uniformity. The length of the sides of all films 

are slightly bigger than in the designs by CAD. Nair et al. state that an ideal buccal film should exhibit 

a thickness of 50 to 1000 µm (Nair et al., 2013) while Bala et al. suggest 5-200 µm (Bala et al., 2013). The 

prepared films had a thickness of 100-110 µm when dried which is in the range of what both Bala et al. 

and Nair et al. suggest as a suitable thickness for ODFs. 

 

 



Fig 2. From left to right 25, 50, 100 and 200 mm2 dried, smooth and flexible drug-loaded HPC films. 

 

Table 2  

Wet and dry weight as well as the length of the sides and the thickness of the corners and in the middle for 

unloaded and drug-loaded HPC films. Presented as average with standard deviations (n=3). 

 
Wet weight 

(mg) 

Dry weight 

(mg) 

Length of the 

sides (mm) 

Thickness of the 

corners (mm) 

Thickness of the 

middle (mm) 

Unloaded HPC films 

25 mm3 64.8 ± 2.2 10.8 ± 0.4 10.68 ± 0.09 0.08 ± 0.01 0.11 ± 0.01 

50 mm3 155.1 ± 4.1 25.9 ± 0.7 15.04 ± 0.15 0.10 ± 0.01 0.11 ± 0.01 

100 mm3 309.5 ± 1.5 52.4 ± 0.2 21.01 ± 0.17 0.11 ± 0.01 0.11 ±0.01 

200 mm3 578.8 ± 5.5 100.0 ± 0.9 29.21 ± 0.14 0.11 ± 0.01 0.11 ± 0.01 

Drug-loaded HPC films 

25 mm3 70.6 ± 0.5 13.0 ± 0.1 10.75 ± 0.08 0.10 ± 0.01 0.10 ± 0.00 

50 mm3 130.6 ± 3.5 23.9 ± 0.8 15.09 ± 0.09 0.09 ± 0.01 0.10 ± 0.01 

100 mm3 270.3 ± 1.1 49.8 ± 0.2 20.81 ± 0.09 0.11 ± 0.01 0.10 ± 0.02 

200 mm3 519.3 ± 3.4 97.5 ± 0.6 29.30 ± 0.11 0.11 ± 0.01 0.11 ± 0.01 

 

3.3 Puncture test 

Mechanical properties play a crucial role on the physical integrity of the ODFs, the films must be strong 

and flexible enough to prevent rupture during processing, packing, transit, and administration. The film 

burst strengths of the unloaded and drug-loaded films were very similar, 16.4 ± 1.8 and 16.5 ± 2.2 N 

respectively, meaning the films being equally strong and that the added drug did not affect the strength 

of the film. The tensile strength was 4.1 N/cm2 for both films, which is considered adequate for handling 

(Maher et al., 2016). The distance at burst was lower for the drug-loaded films (1.93 ± 0.09 mm) 

compared to the unloaded films (2.45 ± 0.32), proving the drug-loaded films to be slightly less flexible 

than the unloaded, which also could be noticed when handling the film. High film burst strength and 

high distance at burst indicates the warfarin containing ODFs to be flexible and at the same time rigid 

enough to prevent deformation of the dosage form during handling. 

 

3.4 Moisture content 

Typically, some moisture is present in ODFs and has a positive effect on the flexibility and handleability 

of the film due to waters plasticizing effect, but a too high moisture content could leave the films sticky 

(Pechová et al., 2018).  In the present study the moisture content was measured for the unloaded and 

drug-loaded 100 mm3 films in triplicate. According to Nair et al. the moisture content in an ideal buccal 

film should be less than 5%M (Nair et al., 2013). The moisture content for both the unloaded and drug-

loaded prepared ODFs were slightly higher than this, namely, 5.9 ± 1.6 and 6.5 ± 2.2%M respectively. The 

moisture may originate from residual solvents from the manufacturing process or due to the 

hygroscopic nature of HPC possibly absorbing moisture from the air. As earlier stated, the films were 

flexible and handleable and not sticky. But an excessive moisture content in pharmaceutical products 



can also have a negative effect on the physico-chemical, chemical and microbiological stability of the 

final dosage form (Szakonyi and Zelkó, 2012), and there for stability studies should be performed. 

 

3.5 Surface pH test 

The surface pH was measured in order to investigate the possibility of side effects in vivo. An acidic or 

alkaline pH of ODFs may lead to irritation of the oral mucosa and thus cause discomfort upon 

administration. Both the unloaded and the drug-loaded films had a neutral surface pH, hence indicating 

the films to be safe to be used in the oral cavity with no expected sensation of irritation (Joshua et al., 

2016). The surface pH of the drug-loaded films was slightly higher, 7.1 ± 0.3, compared to the unloaded 

films that had a surface pH of 6.8 ± 0.3. Not only the surface pH but also the taste of the ODF can cause 

discomfort upon administration. Warfarin sodium is a slightly bitter tasting drug, but taste-masking was 

not assessed in the present study. To increase the palatability and thus patient compliance, a sweetener 

or flavoring agent could easily be incorporated into the EXT ink.  

 

3.6 Drug content 

The targeted drug amounts were 1, 2, 4, and 8 mg for the 25, 50, 100, and 200 mm3 designed films. Due 

to slightly lower pressure, while printing the drug-loaded ink compared to the unloaded ink, achieved 

drug amounts were 0.9 ± 0.0, 1.8 ± 0.1, 3.8 ± 0.1, and 7.4 ± 0.1 respectively. Good correlation (R2 = 0.9996) 

between the designed films and the drug amounts indicates EXT 3D printing as a promising approach 

for production of ODFs with personalized doses. By further optimization of the added pressure while 

printing, the precise targeted drug amounts could be obtained. 

 

3.7 In vitro dissolution 

In Fig 3, the drug dissolution profiles can be seen. The in vitro drug release studies showed that the two 

smallest films 25 and 50 mm3 released the drug the fastest. All films released 80% of the drug within 30 

min. The 100 mm3 films with a void did not release the drug any more rapidly than the solid 100 mm3 

films, indicating that the design does not play a crucial role on the dissolution profile. The drug release 

is more effected by the amount of polymer in the formulation. The relatively slow drug release, after 

the first burst release, is most likely caused by the gelation of HPC in contact with water. The swollen 

gel entraps the drug and slowly releases it due to gel erosion (Klančar et al., 2015). 

 



 

 Fig 3. Drug release profiles for the HPC films containing warfarin. 

 

3.8 In vitro disintegration 

The disintegration time of the unloaded and drug-loaded 100 cm3 films was determined by utilizing the 

drop method. On top of the film 0.2 mL of purified water was placed, and the time was taken for the 

drop to drop through. The time it took for the drop to drop through the unloaded HPC films was 3.05 

± 0.05 min, the drug-loaded HPC films had a faster disintegration of 2.19 ± 0.29 min. Fast disintegrating 

films should disintegrate within 30 s (Bala et al., 2013) due to safety issues as well as compliance. The 

prepared ODFs did not disintegrate within this time utilizing this static method. It is expected that higher 

drug concentrations and thinner films could reduce the disintegration time. There is no standardized 

test for studying the disintegration of ODFs. The choice, amount and temperature of the media as well 

as the choice of incorporating motion or not in the test setup all greatly influence the outcome of the 

test. Interested readers are referred to Oromucosal film preparations: classification and characterization 

methods by Preis et al. (Preis et al., 2013) for further reading. 

 

3.9 Differential scanning calorimetry 

In Fig. 4, the DSC thermograms of the samples are shown. A broad-shoulder endotherm with a peak 

temperature at 192.8 ̊ C is shown for both the pure warfarin sodium and the physical mixture of warfarin 

sodium and HPC, indicating that warfarin sodium was in crystalline state and could be detected by DSC 

(Gao and Maurin, 2001). No melting peak was observed for the drug-loaded films, which indicates that 

warfarin sodium is present in an amorphous or a dissolved state in the prepared ODFs due to inhibition 

of crystallization by HPC.  



  

Fig 4. DSC thermograms of pure substances warfarin sodium, HPC and physical mixtures of them as well as of the 

unloaded and drug-loaded films. 

 

3.10 Attenuated Total Reflection-Fourier Transform Infrared Spectroscopy 

In order to investigate possible interactions between warfarin sodium and HPC, infrared spectra were 

obtained of pure substances warfarin sodium and HPC, and of a physical mixture of them, as well as of 

the unloaded and drug-loaded films (Fig. 5). In the pure substances of warfarin sodium and the physical 

mixture of warfarin sodium and HPC a peak at 1675 cm-1 is observed due the stretching of lactone C=O 

bond and two peaks at 761 and 702 cm-1 due the out-of plane bending vibrations of C-H of phenyl rings 

(Parfenyuk and Dolinina, 2017). The characteristic peak for the hydroxyl group in the pyranose unit in 

HPC is observed at 3431 cm-1 in pure substance HPC, in the physical mixture of warfarin sodium and 

HPC, and in the unloaded HPC film (Eguchi et al., 2017). All of the above mentioned peaks can not be 

observed for the drug-loaded film, indicating an interaction between warfarin sodium and HPC that 

further supports warfarin sodium being in an amporphous state in the drug-loaded films. 

 

 

Fig 5. FTIR spectra of pure substances warfarin sodium, HPC and physical mixtures of them as well as of the 

unloaded and drug-loaded films. 



 

3.11 Summarizing comments 

Utilizing EXT 3D printing warfarin ODFs were successfully produced. Based on this study EXT 3D printing 

shows several benefits e.g. compared to inkjet printing (that we used in a preliminary study). Firstly, the 

EXT 3D printing is a one-step-process, the entire dosage form can be printed at once. The preliminary 

study with the inkjet printer was a time-consuming three-step-process. Firstly; casting orodispersible 

films, secondly; imprinting dry films with several layers of ink that require drying times in between, and 

thirdly: cutting the film in one dose pieces. Only low amounts of drug could be imprinted onto the 

polymer films utilizing inkjet printing, resulting in the need of ingestion of several films if higher doses 

are needed, while with the EXT 3D printer therapeutic doses were achieved for each printed dosage 

form and with good correlation to the design. Another benefit of the EXT 3D printer is the use of 

disposable syringes, resulting in the print material never being in contact with the printing equipment. 

That further indicates EXT 3D printing as a suitable method for producing warfarin containing ODFs 

with tailored doses at the point of care. 

 

4. Conclusions 

Warfarin containing ODFs was successfully printed using EXT 3D printing and sufficient therapeutic 

doses were achieved. When applying the same pressure good correlation in drug content between the 

different film sizes was observed, indicating EXT 3D printing as a suitable method for producing 

personalized ODFs. Low standard deviation in drug content further suggests this method being suitable 

for narrow therapeutic index drugs, such as warfarin. Though, the absence of the capability to adjust 

the pressure to a specific force is a disadvantage for this specific equipment. Neutral surface pH makes 

the prepared films suitable for orodispersible drug administration. The moisture content slightly 

surpassed the accepted value and extended stability studies would be needed for receiving information 

regarding how many doses can be printed at a time to the patient, as well as how the doses should be 

packed and stored. The relatively slow drug release (after the first burst phase) can be increased by 

increasing the drug concentration in the film, subsequently decreasing the amount of material needed 

to be printed and therefore the amount of polymer. This would most likely also decrease the 

disintegration time, but it might have a negative effect on both durability and flexibility of the films. 

Further studies are needed to confirm this.  
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