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Abstract. Oromucosal film preparations have gained popularity in pharmaceutical research and
development. Therefore, oral films have been integrated into the monograph Boromucosal
preparations^ of the European Pharmacopeia in 2012. Regulatory authorities explicitly demand
dissolution studies for films, but neither refer to suitable methods nor established specifications. Test
methods described in the literature are often limited to immediate release formulations or not
applicable to investigate the drug release of films with prolonged release profiles considering the
different stages of gastrointestinal transit. The aims of this study were to develop a dissolution test
method, which is suitable to investigate the drug release offilm preparationswith immediate aswell as
modified release profiles and to explore the potential of the test setup considering some physiological
characteristics. Therefore, a conventional flow-through cell was equipped with in-house built sample
holders. Three-dimensional printing technology was used for prototyping one of the sample holders.
Four different types offilmswere investigated, such asODFswith immediate (ODFIR) andprolonged
release (ODFPR) characteristics as well as a double-layer film (ODFDL), produced with a water-
insoluble shielding layer. Anhydrous theophylline was used as a model drug for all film types.
Introducing special fixtures for oral films to a conventional flow-through cell enables successful
determination of the drug release behavior of oral film preparations with immediate as well as
modified release properties. InvestigatingODFDL, the applicationoffilm sample holderswith backing
plates such as film sample holder with backing plate (FHB) and 3D printed film sample holder
(FH3D) showed prolonged release profiles with 14.6 ± 1.30% theophylline dissolved within 2 h for
FHB compared to 92.9 ± 3.33% for the film sample holder without backing plate (FH). This indicates
their suitability to examine the integrity of the shielding layer. The application of the backing plate
further decreased the drug release of ODFPR<315 to 61.0 ± 1.69% dissolved theophylline within 2 h
using FHB compared to 82.3 ± 0.74% using FH, due to a reduced ODF surface exposed to the
dissolutionmedium. The potential of the dissolution test setup to consider physiological conditions of
the human gastrointestinal transit was investigated by applying different flow rates and media
compositions to simulate conditions within the oral cavity, stomach, and intestine. For the application
of a low flow rate of 1 ml/min, comparable to the salivary flow within the oral cavity, decreased
theophylline releasewas observed, while similar release profiles were obtained for flow rates between
2 and 8 ml/min. Substantial impact on the theophylline release was exerted by varying the
composition of the dissolutionmedium. Since the drug release fromODFPR is controlled by diffusion
through a water-insoluble matrix, ion species and concentration strongly affect the release behavior.
In the future, IVIVC studies have to be performed to explore, whether obtained data can be used to
predict drug release behavior of ODFs during the human gastrointestinal transit.

KEY WORDS: oromucosal preparations; orodispersible films; mucoadhesive buccal films; multilayer
films; shielding layer; unidirectional drug release; dissolution testing; prolonged drug release;
physiological conditions; flow-through cell; USP 4; film sample holder.

INTRODUCTION

Oromucosal film preparations have gained popularity in
pharmaceutical research and development as an alternative
dosage form in local and systemic oral drug delivery.
According to the literature, oromucosal film preparations
can be divided into orodispersible films (ODFs),
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mucoadhesive buccal films (MBFs), and oromucosal patches
(ORPs), depending on their disintegration behavior and
residence time in the oral cavity (1).

Until now, oromucosal film preparations have not found
their way into the United States Pharmacopeia (USP). Merely,
ODFs are mentioned by the Food and Drug Administration
(FDA) using the term Bsoluble films^ (2). In 2012, oromucosal
film preparations have been integrated into the monograph
Boromucosal preparations^ of the European Pharmacopeia
(Ph.Eur.). This monograph differentiates between MBF, listed
within the section Bmucoadhesive preparations,^ and ODF,
holding a separate monograph. But, a clear distinction between
MBFs and ODFs is not conveniently possible with the given
information, since themonograph does not define any limits and
specifications concerning critical quality attributes of this dosage
forms. Furthermore, ORPs have not yet been included in the
Ph.Eur.

In the literature, the disintegration behavior and the
residence time in the oral cavity are often used for classifica-
tion. MBFs and ORPs are characterized by increased
adhesion to the oromucosal epithelium and an increased
residence time in the oral cavity to obtain a local or a systemic
effect via absorption through the oral mucosa (1,3). Usually,
the drug release from ORPs and MBFs is prolonged due to
the permanent application or slow disintegration of the
polymeric matrix. The application of a second film layer is
often described to generate multilayer films with different
release rates of the layers or to implement a shielding layer,
which facilitates unidirectional drug release and thus buccal
absorption of the active substance (4–6).

In contrast, ODFs are characterized by rapid disintegra-
tion in the oral cavity inducing the deglutition of a large
proportion of active substance and thus absorption from the
gastrointestinal tract (7). Due to the rapid disintegration,
immediate release profiles are often obtained for ODFs (8).
However, the incorporation of drug-loaded matrix particles
produced via hot-melt extrusion enables prolonged release
properties for ODFs (9). Although these ODFs rapidly
disintegrate within the oral cavity, prolonged drug release
can be obtained throughout the gastric and intestinal transit
by drug diffusion through the water-insoluble polymeric
matrix after swallowing the individual matrix particles.

The Ph.Eur. explicitly demands dissolution studies for all
types of oral film preparations, but suitable test methods are
not referred within the monograph (3).

Therefore, dissolution test methods for solid dosage
forms described in the Ph.Eur. have often been used for drug
release studies of oromucosal film preparations such as the
application of the basket apparatus (Ph.Eur./USP apparatus
1) (10–13), paddle apparatus (Ph.Eur./USP apparatus 2) (13–
17), and the flow-through cell (Ph.Eur./USP apparatus 4)
(10,18). In a comparative study on dissolution test methods
for the investigation of nano- and microparticle-loaded films,
Sievens-Figueroa et al. (10) observed an improved discrimi-
natory power for the flow-through cell compared to the
basket apparatus. Furthermore, they indicated a high depen-
dence of dissolution profiles obtained using the flow-through
cell at different sample positions and medium flow rates.

Due to floating and/or adherence of the films to
components of the conventional dissolution apparatuses,
which may lead to poor reproducibility, modified dissolution

test methods are described in the literature. The paddle
apparatus (Ph.Eur./USP apparatus 2) was used in combina-
tion with a glass plate (4,5,19), a weight (20) or a wire mesh
(21,22) acting as sinker for the film samples, which may
reduce floating and unintended adherence to surfaces of the
dissolution apparatuses. Two-chamber methods were used to
separate the acceptor compartment containing a reservoir of
dissolution fluid from the donor compartment containing film
samples stored in a decreased volume of dissolution medium,
which is in a better agreement with in vivo data of
physiological fluid volumes (23–25). In addition, the saliva
composition (20,21), the salivary flow rate (13,26) or the
applied force of the tongue (27) were considered to obtain a
more biorelevant test setup.

However, test setups described in the literature are often
limited to examine immediate release formulations or only
applicable to investigate the drug release of oral films with a
specific release profile. Furthermore, biorelevant conditions
could only partially be considered by these methods. A
complete gastrointestinal transit considering the oral cavity as
application site, drug liberation within the stomach, and the
intestine as absorption site is not feasible to be simulated with
existing methods.

In the present study, the flow-through cell apparatus
(USP apparatus 4) was used and supplemented by special
fixtures for oral films. Customized film sample holders were
designed and constructed by means of 3D printing technology
to be inserted into a conventional flow-through cell. Four
different film formulations with varying release characteristics
were produced, such as ODFs with immediate (ODFIR),
slightly prolonged (ODFPR < 315), and clearly prolonged
(ODFPR500–715) drug release properties as well as a double-
layer ODF (ODFDL) consisting of a drug and a shielding
layer. Suitability of the test setup to investigate oral films with
different release profiles was examined.

Due to the high flexibility of the flow-through cell
apparatus adjusting the medium flow rate and changing the
dissolution medium even during ongoing experiments, it
might be possible to simulate physiological conditions for
the entire gastrointestinal transit starting from the oral cavity
to the colon. In order to explore the potential for a
biorelevant dissolution testing using the flow-through cell
apparatus, the impact of different medium compositions, flow
rates, and a combination of both on the dissolution profiles
was investigated.

The aims of this study were to develop a dissolution test
method to reliably determine the release profiles for oral film
formulations with different release properties. It should
further be investigated whether it is feasible to implement a
test setup considering flow rates and media compositions
comparable to physiological conditions during the human
gastrointestinal transit.

MATERIALS AND METHODS

Materials

The following materials were used for ODF production:
anhydrous theophylline (BASF, Ludwigshafen, Germany),
anhydrous glycerol (Caesar and Loretz, Hilden, Germany),
hypromellose (HPMC, Pharmacoat® 606, Syntapharm,
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Mülheim, Germany), ethylcellulose (EC, Aqualon® EC N-22,
Ashland, Covington, USA), ammonio methacrylate copoly-
mer type B (Eudragit® RS, Evonik, Essen, Germany), silicon
dioxide (Aerosil® 200, Evonik, Essen, Germany), absolute
ethanol (Honeywell Riedel-de Haën, Seelze, Germany), and
distilled water.

For the dissolution studies, buffer solutions considering
physiological pH values and electrolyte composition were
used and displayed in Table I. Additionally, a phosphate
buffer with a pH value of 6.6 (50 mM) according to USP 36
Theophylline extended release capsules was used as a
reference. Absolute ethanol and distilled water were used
for the assay.

Production of ODFs

All ODFs were produced by solvent casting technique
operating the automatic film applicator Coatmaster® 500
(Erichsen, Hemer, Germany) at a speed of 6 mm/s. Before
the examination, ODFs were dried for 12 h at room
temperature and stored airtight in sealed aluminum sachets.
The drug load of an ODF with the size of 20 × 30 mm was
15 mg anhydrous theophylline.

ODFs with Immediate Theophylline Release

ODFs with immediate release properties (ODFIR) were
made from anhydrous theophylline (2.1%), glycerol (6%),
HPMC (15%), and distilled water (76.9%). They were
manufactured applying a gap width of 1200 μm.

Double-Layer ODFs Containing Theophylline Anhydrous

The drug layer was produced applying a gap width of
800 μm and contained anhydrous theophylline (3.13%),
glycerol (6%), HPMC (15%), and distilled water (75.87%).
After drying, the second layer, representing the water-
insoluble shielding layer, was manufactured by mixing EC
(16%), glycerol (4%), and ethanol absolute (80%). The
shielding layer was cast with a gap width of 400 μm directly
on top of the drug layer.

ODFs with Prolonged Theophylline Release (9)

ODFs with prolonged release properties (ODFPR) were
manufactured by incorporating theophylline-loaded matrix
particles (MPs) produced via hot-melt extrusion into the
ODF-forming polymer solution. MPs consisted of anhydrous
theophylline (30%), silicon dioxide (0.5%), and Eudragit®
RS (69.5%). After preparing the ODF-forming polymer
solution, consisting of HPMC (15%), anhydrous glycerol
(6%), and distilled water (72.06%), MPs (6.94%) were added
and the ODFs were produced with a gap width of 1200 μm.
ODFPR< 315 contained MPs with a size of less than 315 μm,
characterized by moderately prolonged theophylline release.
MPs with a size of 500 up to 715 μm, characterized by
strongly prolonged theophylline release, were used for the
preparation of ODFPR500–715.

ODF Characterization

Thickness and Weight

A micrometer screw (IP65, Mitutoyo, Neuss, Germany)
modified by mounting a plate (6 cm2) at each end of the
measurement area was used to determine the film thickness
(n = 10). During the measurement, ODFs were clamped in
between these two plates and their maximum thickness was
determined. The measurement range of the screw is from 0 to
25 mm with an accuracy of 0.001 mm. The mass of ODFs (n =
10) with a size of 6 cm2 was determined using an analytical
balance (CP224S, Sartorius, Göttingen, Germany) with a
maximum measurement value of 220 g and an accuracy of
0.1 mg.

Disintegration Time

Disintegration time of ODFs (n = 6) was investigated
using the automated PharmaTest® disintegration tester (PTZ
AUTO EZ, PharmaTest® Apparatebau, Hainburg, Ger-
many) equipped with a film sample holder and weights of
3 g (PT-ODF test basket, PharmaTest® Apparatebau,
Hainburg, Germany) in 900 ml distilled water at 37 ± 0.5°C
(28).

Dissolution

Dissolution Test Setup

An automated flow-through cell apparatus (CE7 smart,
Sotax, Aesch, Switzerland) according to USP type 4 was
operated in closed-loop by means of a peristaltic pump
(Ismatec® IPC, Cole-Parmer, Wertheim, Germany). The
flow-through cell was connected to a paddle apparatus (USP
type 2, AT7, Sotax) applying a rotational speed of 50 rpm,
which was used as a temperature-controlled medium reser-
voir. UV spectroscopy (Lambda 25/Lambda 40, Perkin
Elmer, Waltham, USA) was used to measure the theophylline
concentration online in a resolution of 60 s for a total time of
1000 min at λmax of 271 nm. Since each flow-through cell was
connected to a separate vessel filled up with preheated and
constantly stirred dissolution medium, the risk of an inhomo-
geneous theophylline concentration in the medium reservoir
and thus incorrect UV spectroscopic measurements was
minimized. The total fluid volume within the inlet- and outlet
tubes was 16.2 ± 0.06 ml. The test setup is schematically
represented in Fig. 1.

The flow-through cell apparatus was equipped with six
cells of 22.6 mm in diameter. Each cell contained a valve ball
of 5 mm in diameter and a bed of 7.6-g glass spheres with a
diameter of 1 mm to ensure a laminar medium flow (Fig. 2).
The upper part of the cell was separated from the sample
chamber using a cellulose nitrate membrane filter with a pore
size of 1 μm and a diameter of 25 mm (GE Healthcare UK,
Amersham Place, UK) to avoid unsolved sample particles
being flushed out. The fluid volume inside the cells sample
chamber was reduced from 16.7 ± 0.04 to 14.3 ± 0.06 ml
adding the glass spheres.
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Sample Holder for Oral Film Preparations

Three different types of the sample holder for oral film
preparations were designed and constructed in-house to be
used in commercial USP4 flow-through cells with a diameter
of 22.6 mm. The use of a film sample holder can prevent
floating, sticking together, and adherence of the film to the
chamber wall, by keeping the film in a constant position
inside the sample chamber during dissolution testing. Fur-
thermore, it allows a homogeneous rinsing of the film by
dissolution medium.

Customized Film Sample Holder. The basic structure of
the film sample holder (FH) is made of plexiglas and the
clamping device to fix the oral films is made of polyvinyl
chloride (PVC). A schematic representation is displayed in
Fig. 3. The FH has a height of 30 mm and a width of 22.6 mm
and fits exactly in the sample chamber of a commercial USP4
flow-through cell. Before dissolution testing, the FH needs to
be manually inserted. The mounted clamping device is
constructed for oral films with a maximum size of 20 × 30 mm.

Customized Film Sample Holder with Backing Plate. The
design of the film sample holder with backing plate (FHB) is
similar to the FH. But the FHB is constructed with an

additional backing plate, at which one side of the oral film can
be attached using adhesive tape. Figure 4 demonstrates a
schematic representation of the sample holder. The dissolu-
tion medium homogeneously rinses one side of the film, while
the other side is protected by the backing plate. This could be
used to mimic the adhesion of the film to the oral mucosa. In
case of multilayer films produced with a shielding layer to
induce unidirectional drug release, the FHB could be utilized
to examine the integrity of the shielding layer by fixing the
drug layer to the backing plate, while the shielding layer is
exposed to the dissolution medium.

3D Printed Film Sample Holder. The 3D printed film
sample holder (FH3D) was designed using Inventor®
Professional 2016 Software (Autodesk®, San Rafael,
USA). The G-code for the 3D printing was generated with
the open source software Slic3r (version 1.2.9). The FH3D
was 3D printed from commercial PLA-filaments (Prodim,
Helmond, The Netherlands) using the 3D printer Prodim
XXL Pro (Prodim, Helmond, The Netherlands). A schematic
drawing of the FH3D is displayed in Fig. 5. Oral films can
easily be inserted into the internal opening and fixed with
one side to the FH3D rear panel using adhesive tape and
therefore simulating the adherence of the film to the oral
mucosa. The external dimensions of the FH3D permit a

Table I. Composition of the Dissolution Media

Medium Compositions pH value

Artificial saliva Disodium hydrogen phosphate 2.07 g 7.35 (25 mM)
Sodium dihydrogen phosphate monohydrate 1.0 g
Distilled water To 1000 ml

Artificial gastric fluid Sodium chloride 2.0 g 1.2
1 M hydrochloric acid 80 ml
Distilled water To 1000 ml

Artificial intestine fluid Potassium dihydrogen phosphate 6.8 g 6.8 (50 mM)
1 M sodium hydroxide 77 ml
Distilled water To 1000 ml

Phosphate buffer pH 6.6 Potassium dihydrogen phosphate 6.8 g 6.6 (50 mM)
1 M sodium hydroxide 16.4 ml
Distilled water To 1000 ml

Fig. 1. Overview of the dissolution test setup
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precise fit into the flow-through cell. Applying the FH3D, the
operative volume in the flow-through cell will be further
reduced from 14.3 ± 0.06 ml to 3.2 ± 0.02 ml, which is
comparable to in vivo data of the human saliva volume and
flow rate (29–31).

Comparison and Suitability of Film Sample Holders for the
Investigation of Different Oral Film Preparations

For the comparative study, the three different types of
film sample holders (FH, FHB, FH3D) were evaluated
regarding their suitability for dissolution testing of ODFs
with varying drug release properties such as ODFIR, ODFPR

< 315, ODFPR500–715, and ODFDL. Therefore, the flow-through
cell apparatus was operated with a flow rate of 8 ml/min and a
medium reservoir of 1000 ml phosphate buffer with a pH
value of 6.6, applying the previously mentioned test setup in
combination with the film sample holders. In the case of FHB
and FH3D, the ODFs were attached by adhesive tape tesa®
51570 (Tesa, Norderstedt, Germany) to the backing plates.
ODFDL was fixed to the FH3D by positioning the drug layer
to the backing plate, while the shielding layer is exposed to
the dissolution medium. All experiments were performed in
triplicate under sink conditions.

Investigation of Influencing Variables

The influence of the flow rate and the media composition
on the dissolution behavior of ODFPR500–715 was investigated
using the flow-through cell method in combination with the
FH3D sample holder. ODFsPR500–715 values were attached to
the backing plate of FH3D by adhesive tape tesa® 51570. All
experiments were performed in triplicate under sink
conditions. Impact of Flow Rate. To investigate the
impact of different flow rates on the release behavior, the
flow rate was adjusted from 1 ml/min simulating the saliva
flow within the oral cavity to 2 and 6 ml/min mimicking
physiological flow rates of the intestinal and gastric fluid,
respectively. Additionally, a flow rate of 8 ml/min was applied,
which is typically used for dissolution testing according to the
Ph.Eur. The medium reservoir was filled up with 1000 ml
phosphate buffer with a pH value of 6.6 at 37 ± 0.5°C.

Impact of Media Composition and pH Values. Within
this study, the use of artificial saliva with a pH value of 7.35,
artificial gastric fluid with a pH value of 1.2, and artificial
intestine fluid with a pH value of 6.8 as dissolution medium
was explored, each with a capacity of 1000 ml within the
medium reservoir. For all experiments, the flow rate was kept
constant at 8 ml/min.

Implementation of a Dissolution Test Setup Combining
Medium Exchange and Flow Rate Adaption. For a dissolution
test of ODFPR500–715 combining medium exchange and flow
rate adaption during ongoing dissolution tests, the flow-
through cell method was used and the FH3D was applied.
ODFsPR500–715 values were attached by adhesive tape to the
backing plate of the FH3D. The experiment was performed in
triplicate under sink conditions.

Fig. 2. Schematic illustration of the flow-through cell

Fig. 3. Technical illustration of the film sample holder

Fig. 4. Technical illustration of the film sample holder constructed
with a backing plate

Fig. 5. Technical illustration of the 3D printed film sample holder
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To simulate conditions of the oral cavity, the flow-
through cell apparatus was operated for 3 min in open-loop
with artificial saliva (pH 7.35) applying a flow rate of 1 ml/
min. For the entire time interval, the whole volume of
artificial saliva needed for the test (approximately 3 ml) was
collected, weighed, and their theophylline concentration was
determined offline.

After 3 min of simulating the conditions of the oral
cavity, the dissolution medium within the reservoir was
exchanged by 600 ml artificial gastric fluid with a pH value
of 1.2 at 37 ± 0.5°C. The flow rate was adapted to 6 ml/min
and the flow-through cell apparatus was operated for 120 min
in closed-loop to mimic the conditions of the stomach.

To simulate the conditions of the intestine, a second
medium change to artificial intestine fluid (600 ml; 37 ± 0.5°C)
was performed and the flow rate was adjusted to 2 ml/min in
closed-loop. These settings were retained for 880 min.

Determination of the Residual Theophylline Content

The residual theophylline content of both types of
ODFPR after dissolution was determined UV photometrically
(Lambda 25, Perkin Elmer, Waltham, USA) at λmax of
271 nm by dissolving the remaining MPs in 200 ml ethanol
70% (w:w). All measurements were performed in triplicate.

RESULTS AND DISCUSSION

ODF Characterization

In order to draw conclusions about the relation between
ODF properties and dissolution behavior, all produced
formulations were characterized regarding their thickness,
mass, and disintegration time. The results of ODF character-
ization are summarized in Table II. In addition to the
combined films ODFDL, both adjacent layers (drug and
shielding layer) were assessed separately.

Thicknesses and masses are similar for ODFIR and
ODFDL. In comparison, thicknesses and masses of ODFPR

are increased due to the incorporation of MPs.
Except for ODFDL, all produced ODFs were

disintegrated rapidly in less than 60 s. Considering a
disintegration time threshold of 30 s defined by the FDA for
orodispersible tablets, only one out of four investigated
formulations would fulfill the requirement. However, the
Ph.Eur. defines a disintegration time limit of 180 s for
orodispersible tablets, which would be fulfilled by all

formulations, except for ODFDL, which is not intended to
be rapidly disintegrated. However, the separated drug layer
shows fast disintegration in less than 30 s.

Comparison and Suitability of Film Sample Holders for the
Investigation of Different Oral Film Preparations

The new dissolution method based on the USP type 4
flow-through cell apparatus was developed to reliably inves-
tigate oral film preparations with different drug release
properties. To avoid dosage form–related problems as
floating, sticking together, or adhering to the wall of the
sample chamber, special film sample holders keeping the film
in a constant position inside of the cell, while fully wetting the
surfaces, were developed and applied to the flow-through cell
method. The obtained dissolution profiles for ODFs with
immediate and modified release properties applying the
different types of film sample holders are displayed in
Fig. 6. Table III additionally presents percentages of the
labeled amount of anhydrous theophylline dissolved at
defined points in time and the corresponding MDT50% values.

ODFs with Immediate Theophylline Release

The dissolution profiles of ODFIR are demonstrated in
Fig. 6a. Investigating the drug release behavior of ODFIR

applying the three different film sample holders, all obtained
dissolution profiles show more than 80% theophylline re-
leased in 60 min, which complies with the FDAs definition of
immediate release formulations (32). Using FH3D, rapid and
complete (t80% < 20 min) theophylline release and low
variability is observed. Decreased release rates and increased
variability is observed applying FH and FHB. Fixing the ODF
to the clamping device of FH and FHB, which inhibits the
dissolution medium to homogeneously rinse the ODF, could
be the reason for the increased variabilities. Using FHB, the
requirements for immediate release dosage forms defined by
the FDA are just met with nearly 80% theophylline released
in 45 min. The decreased release rate applying FHB could be
explained by the backing plate, at which one site of the ODF
is adhered to by adhesive tape reducing the contact area
between ODF surface and dissolution medium.

ODFs with Prolonged Theophylline Release

In Fig. 6b, the dissolution profiles of ODFPR315 using
different sample holders are displayed. As expected, the drug
release of ODFPR< 315 is prolonged by up to 23 min (t50% of
ODFPR< 315 = 44 min for FHB) compared to ODFIR (t50% of
ODFIR = 21 min for FHB). Whereas the application of FH

Table II. Results of ODF Characterization: Thicknesses and Masses: mean ± sd (n = 10), Disintegration Times: mean ± sd (n = 6)

ODFIR ODFPR< 315 ODFPR500–715 ODFDL

Drug layer Shielding layer Combination

Thickness (μm) 190 ± 23 474 ± 18 765 ± 46 150 ± 9 76 ± 7 204 ± 11
Mass (mg) 119.1 ± 13.1 159.6 ± 9.2 143.4 ± 9.8 85.5 ± 4.0 29.1 ± 1.1 112.5 ± 5.1
Disintegration time (s) 45.7 ± 2.4 41.0 ± 8.5 27.0 ± 5.6 31.0 ± 5.9 nd* nd*

*nd no disintegration
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and FH3D show similar dissolution profiles, the drug release
prolongation is stronger using FHB. The burst effect is caused
by theophylline particles, located at the surface of the MPs,
and the release rate are reduced, applying the FHB. This
effect is not observed for FH3D, which is also constructed
with a backing plate, leading to the assumption that the
application of a backing plate is not the sole reason for the
drug release prolongation using FHB. The combined use of a
backing plate and a clamping device implemented for FHB
may lead to a reduction of the contact area between ODF and
dissolution medium and an inhibition of dissolution medium
constantly rinsing the ODF as well as a facilitated occurrence
of air bubbles, which in total might explain the decreased
release rate.

The results investigating the drug release of ODFPR500–

715 are demonstrated in Fig. 6c. The flow-through cell method
is particularly suitable to investigate films with prolonged
release properties as demonstrated by the clearly prolonged
dissolution curves. Here, the application of a sample holder,
keeping the film in a constant position, affects the beginning
of the dissolution testing, until the ODFs are disintegrated.
Over the entire investigation period, similar dissolution
profiles were obtained for ODFPR500–715, independent of the
applied sample holder.

Double-Layer ODFs Containing Theophylline Anhydrous

Figure 6d demonstrates dissolution profiles of ODFDL

obtained using the different sample holders.
In contrast to the previously investigated ODFs, ODFDL

is constructed with a shielding layer, which is usually
implemented to reduce dispersion of the drug into the oral

cavity and to induce buccal absorption of the drug. To test the
integrity of the shielding layer, dissolution test methods
considering specific setups have to be used.

Using FH to investigate ODFDL, which was constructed
without a backing plate fixing one side of the ODF, an
immediate release profile was observed with 82.4 ± 8.78%
released theophylline in 45 min. Both sides of ODFDL were
exposed to the dissolution medium, impeding FH to test the
integrity of shielding layers. FHB was produced with a
backing plate. The drug layer of ODFDL was fixed to the
backing plate, while the shielding layer was directed to the
dissolution medium. Using FHB, the dissolution profile of
ODFDL is strongly prolonged following zero-order kinetics
for nearly the entire investigation period of 1000 min. Drug
release was controlled by diffusion through the shielding layer
and also appeared from the uncovered sides of the drug layer.
Applying FH3D, which also comprises a backing plate the
ODF can be attached to, the beginning of the release profile
is similar to the profile, obtained using FHB. But the release
rate rapidly increases after a dissolution time of approxi-
mately 500 min, indicating that ODFs were detached from the
backing plate of FH3D.

In the literature, investigation periods for in vitro disso-
lution tests of up to 14 h are described for buccal patches and
hot-melt extruded oral films (33–37). However, a maximum
residence time of 30 min is described for multilayer buccal
films, which are available on the market and which are
especially designed for a prolonged application period
(38,39). To evaluate the results concerning a sufficient
investigation period for the dissolution test, the acceptance
of a prolonged residence time in the oral cavity should be
examined demonstrating a potential restraining factor for the

Fig. 6. Dissolution profiles of (a) ODFIR, (b) ODFPR< 315, (c) ODFPR500–715, and (d) ODFDL obtained applying the
three different types of film sample holders: FH (dark gray), FHB (light gray), and FH3D (black) and 1000 ml
phosphate buffer pH 6.6 (37 ± 0.5°C) within the medium reservoir in closed-loop with a flow rate of 8 ml/min and
online UV photometrical detection at 271 nm; mean ± sd (n = 3)
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application of oral films. Attaching ODFs to the backing plate
of FHB and FH3D using adhesive tape, ODFs have been
wetted from one side only, while ODFs are placed onto the
tongue and stuck to the upper palate during in vivo applica-
tion. This induced the ODFs being wetted from both sides,
whereby the attached side is only wetted by the thin salivary
layer of the oral mucosa. In future experiments, film sample
holders lined with (artificial) mucosa instead of adhesive tape
should be used to ensure that ODFs are being attached to the
backing plate and being wetted from both sides. Test methods
described in literature use esophageal porcine mucosa (40) or
artificial mucous materials such as gelatin gels or compacted
mucin material (41), which could be applied for further
dissolution tests considering certain biorelevant test
conditions.

Investigation of Influencing Variables

The investigation of influencing variables was per-
formed to assess the impact of different flow rates pH
values and fluid compositions on the release behavior. The
results are further valuable to explore the potential of the
instrumental test setup, simulating physiological conditions
during the gastrointestinal transit. The experiments were
conducted using ODFPR500–715, since this type of ODF was
designed to pass complete gastrointestinal transit. The oral
cavity, thereby, represents the application site, while drug
liberation and absorption will mainly take place within the
stomach and intestine after swallowing the water-insoluble
matrix particles of ODFPR500–715. Due to the limitation of
the operative volume inside the sample chamber to
approximately 3 ml, which is in a better agreement to
physiological saliva volumes, FH3D was applied to the test
setup.

Impact of Flow Rate

The influence of different flow rates on the release
behavior of ODFPR500–715 was investigated operating the
flow-through cell equipped with FH3D. The dissolution
profiles are displayed in Fig. 7. Percentages of released
theophylline at specific points in time and MDT50% values
are summarized in Table III.

With decreasing medium flow, the release rate de-
creases, resulting in increased MDT50% values. This effect
was most pronounced adjusting a flow rate of 1 ml/min.
Here, the theophylline release was incomplete after
1000 min and the release rate was clearly decreased
compared to flow rates of 2 up to 16 ml/min. Applied
release rates of 2 up to 16 ml/min only show minor
differences within the resulting dissolution profiles, rather
than resulting from a decreased burst effect. The burst
effect, caused by theophylline particles located at the
surface of MPs, slightly decreases with decreasing flow
rates. This could be explained by the instrumental setup
comprising a relatively high residual volume of dissolution
medium within the tubes. At low flow rates, the circulation
of dissolution fluid through the tubes facilitates a systematic
delay in the theophylline concentration detection. Further-
more, mixing of dissolution medium within the tubes could
further affect the detected drug release. A certain tubeTa
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volume is necessary to operate flow-through methods, which
has to be considered evaluating the drug release behavior
especially at low flow rates.

Impact of Media Composition and pH Values

In Fig. 8 dissolution profiles and in Table III, the
percentages of dissolved theophylline at specific points in
time as well as MDT50% values of ODFPR500–715 investigated
using different dissolution fluids are compared. The different
dissolution media used for the experiments showed pH values
in the range of relevant physiological fluids. The composition
represents a simplified model of the complex physiological
fluid composition and only considers ion species and
strengths.

Dissolution behavior is mainly controlled by drug
diffusion through the MPs consisting of the cationic acrylic
copolymer Eudragit® RS. The permeability of Eudragit® RS
sis a function of the anionic species contained in the

dissolution medium by chloride ion exchange (42–44). As
consequence, the anionic species used for the buffer solution
influences the drug release behavior.

In artificial saliva (25 mM) with a pH value of 7.35
theophylline release is slightly accelerated with a MDT50%

value of 39.0 min compared to MDT50% value of 48.3 min for
dissolution studies in artificial intestine fluid (50 mM) with a
pH value of 6.8. Both buffer solutions contain phosphate ions
as anionic buffer species but in different molar concentra-
tions, which could cause the slight differences in the
dissolution profiles.

In artificial gastric fluid (pH 1.2), theophylline release is
prolonged with a MDT50% value of 102.9 min. Due to
chloride ions within the artificial gastric fluid, the permeabil-
ity and thus drug release are decreased compared to the drug
release in artificial saliva and intestine fluid. These fluids
contain phosphate ions as anionic buffer species, which
clearly increase the permeability of the Eudragit® RS matrix.

Implementation of a Dissolution Test Setup Combining
Medium Exchange and Flow Rate Adaption

The flow-through cell method in combination with the
FH3D was developed to investigate the dissolution behavior
of ODFs with immediate as well as modified release
properties. For dissolution testing combining medium ex-
change and flow rate adaption for ODFs with prolonged drug
release, the oral cavity representing the application site as
well as liberation and absorption within stomach and
intestine should be imitated. Due to its ability of easily
changing the dissolution medium and adjusting the flow rates
during ongoing experiments, the flow-through cell method
could be used for dissolution testing considering physiolog-
ical conditions. The dissolution profile of ODFPR500–715

investigated performing two media exchanges and adapta-
tions of flow rates within the dissolution process is displayed
in Fig. 9.

Fig. 7. Dissolution profiles of ODFPR500–715 obtained operating the
flow-through cell equipped with the FH3D and 1000 ml phosphate
buffer pH 6.6 (37 ± 0.5°C) within the medium reservoir in closed-loop
with online UV photometrical detection at 271 nm applying different
flow rates of 1, 2, 6, 8, and 16 ml/min; mean ± sd (n = 3)

Fig. 8. Dissolution profiles of ODFPR500–715 obtained operating the
flow-through cell equipped with the FH3D in closed-loop applying a
flow rates of 8 ml/min with online UV photometrical detection at
271 nm and 1000 ml of different dissolution media (artificial saliva,
artificial gastric fluid, and artificial intestine fluid; 37 ± 0.5°C) within
the medium reservoir; mean ± sd (n = 3)

Fig. 9. Dissolution profile of ODFPR500–715 analyzed using a dissolu-
tion test setup combining medium exchange and flow rate adaption:
flow-through cell equipped with FH3D in artificial saliva for 3 min in
open-loop at 1 ml/min, in artificial gastric fluid (37 ± 0.5°C) for
120 min in closed-loop (600 ml artificial gastric fluid within the
medium reservoir) at 6 ml/min and in artificial intestine fluid (37 ±
0.5°C) for 880 min in closed-loop (600 ml artificial intestine fluid
within the medium reservoir) at 2 ml/min; offline (open-loop) and
online (closed-loop) detection at 271 nm; mean ± sd (n = 3)
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To simulate conditions of the oral cavity, the flow-
through cell apparatus was operated for 3 min, which
complies with the residence time of ODFs in the oral cavity
considering a rapid disintegration of ODFPR500–715 (27.0 ±
5.6 s), a stimulated deglutition frequency of 3.5 to 5.3
swallows in 2 min and a swallowed saliva volume of 0.96 to
1.19 ml (45,46). In vitro, salivary flow rates of 0.3 to 1.4 ml
were observed (47–49). Thus, the flow rate to simulate
salivary flow was adjusted to 1 ml/min. As dissolution
medium, a preheated (37 ± 0.5°C) phosphate buffer solution
with a pH value of 7.35 and an ion concentration of 25 mM
similar to human saliva was used (27). FH3D was used to
reduce the operative volume within the sample chamber to
approximately 3 ml, which is comparable to in vivo data of
the human stimulated saliva volume (29–31). Furthermore,
ODFs were attached to the backing plate of FH3D to mimic
the adhesion to the oral mucosa after ODF application in the
oral cavity. Applying the described test setup, a maximum
theophylline release of 1.3 ± 0.7% was observed for
ODFPR500–715 within 3 min.

However, the flow-through cell method, used to mimic
conditions of the oral cavity, could further be improved. Due
to the relatively high residual tube volume, which causes a
delay in drug release detection especially at low flow rates,
the flow-through cell method is inappropriate to investigate
ODFs showing fast and high drug release within the first
3 min. Thus, an UV fiber optical probe could be installed
directly above the membrane filter at the upper part of the
flow-through cell to monitor the drug release inline without
time delay. Furthermore, to mimic adhesion of ODFs in the
oral cavity and to ensure that ODFs are being wetted from
both sides, (artificial) mucosa could be used to line the
backing plate of FH3D, at which the ODFs were attached
during dissolution testing.

To mimic gastric conditions, the dissolution medium was
changed to an artificial gastric fluid with a pH value of 1.2
considering a physiological concentration of sodium chloride
and the flow rate was adjusted to 6 ml/min, which is
comparable to in vitro data (50,51). The gastric transit time
was found to be in a wide range depending on the size, shape,
and consistency of the swallowed dosage form (50,52).
Therefore, an investigation time of 120 min was assumed
according to the gastric transit time recommended by the
Ph.Eur. In the beginning, accelerated drug release of
approximately 25% released theophylline in less than
30 min was observed due to increased solubility of theoph-
ylline at low pH values and an increased medium flow. At the
end of the investigation period, approximately 28% theoph-
ylline was released, indicating a clearly decreased rate
controlled by diffusion through the Eudragit® RS matrix.

After a second medium change, conditions of the
intestine were simulated by using artificial intestine fluid with
a pH value of 6.8 as dissolution medium and applying a flow
rate of 2 ml/min (53,54). Theophylline release was almost
linear and clearly prolonged over the entire investigation
period. Furthermore, drug release was not completed within
the investigation period of 1000 min. These effects are caused
by a decreased flow rate applied for dissolution testing
simulating the small intestine and a drug release mechanism,
which is completely controlled by the diffusion of theophyl-
line through the Eudragit® RS matrix. Theophylline particles

located at the MPs surface causing the burst effect were
already dissolved.

CONCLUSION

Within this study, a dissolution test method has been
provided which allows successful investigation of oral film
preparations with immediate as well as modified release
properties.

Therefore, a commercial USP type 4 flow-through cell was
equipped with three different types of in-house built film sample
holders keeping the film in a constant position inside of the cell.
The application of film sample holders constructed with a
backing plate such as FHB and FH3D led to decreased release
rates for ODFDL, indicating their suitability to examine the
integrity of the shielding layer, which is used to facilitate
unidirectional drug release. The application of FHB further
decreased the drug release of ODFIR andODFPR< 315 compared
to FH. This is due to a reduced ODF surface exposed to the
dissolution medium, which is better compared to their in vivo
application, since one site of the ODF should be attached to the
oral mucosa. The potential of the dissolution test setup to
consider physiological conditions of the human gastrointestinal
transit was investigated by applying different flow rates and
media compositions to simulate conditions within the oral cavity,
stomach, and intestine. Drug release studies were performed
using FH3D, since the application of FH3D reduces the
operative volume inside the sample chamber to approximately
3 ml, which is in a better agreement to physiological saliva
volumes. The application of a low flow rate of 1 ml/min,
comparable to the salivary flow within the oral cavity, showed
decreased theophylline release, while similar release profiles
were obtained for flow rates between 2 and 8 ml/min. This
information is of high interest for the development of oral films
intending buccal absorption of the drug, since a reduced amount
of drug dissolved in the oral cavity could be directly correlated to
decreased oromucosal absorption. However, the acceptance of
ODF could be improved, since a reduced amount of drug
dissolved in the oral cavity also reduces the taste of the drug.
Substantial impact on the theophylline release was exerted by
varying the composition of the dissolution medium. Since the
drug release from ODFPR is controlled by diffusion through a
water-insoluble matrix, ion species and concentration strongly
affect the release behavior. In the future, in vivo studies need to
be performed to explore, whether the obtained dissolution
profiles are comparable to in vivo data to predict drug release
behavior of ODFs during the human gastrointestinal transit.
Dissolution testing under consideration of physiological condi-
tions offers an analytical instrument to further evaluate
dissolution-related issues in the field of pharmaceutical research
and development such as assessment of drug permeation and
taste.
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