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Abstract

Background: The site-specific delivery of drugs to the colon can be highly advantageous for various
applications, including the local treatment of inflammatory bowel diseases. The aim of this study was to
provide efficient tools that can be used to easily adjust the key properties of novel polymeric film coatings
allowing for colon targeting. Methods: Free films based on blends of ethylcellulose and different types of
starch derivatives (partially being pregelatinized, acetylated, and/or hydroxypropylated) were prepared
and characterized. Results: The key properties of the polymeric systems can effectively be adjusted by
varying the polymer blend ratio and type of starch derivative. This includes the water uptake and dry mass
loss kinetics as well as the mechanical properties of the films before and upon exposure to aqueous media
simulating the contents of the upper GIT. Conclusion: Broad ranges of film coating properties can easily be
provided, being adapted to the needs of the respective drug treatment.
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Introduction

The site-specific delivery of drugs to the colon can be
highly advantageous for various applications, including:
(i) the local treatment of inflammatory bowel diseases
and (ii) the oral administration of protein drugs, which
are to be absorbed into the bloodstream?. In the first
case, premature drug release in the stomach is likely to
lead to complete and rapid drug absorption into the sys-
temic circulation. Thus, the risk of undesired side effects
can be considerable, and, at the same time, the resulting
drug concentrations at the site of action (in the colon)
are low, leading to poor therapeutic efficacies®. In the
second case, fragile protein drugs need to be effectively
protected against the low pH and enzymatic degrada-
tion within the upper gastrointestinal tract (GIT). Thus,
in both cases, premature release into the contents of the
stomach and small intestine must be avoided. In con-
trast, once the colon is reached, the drug should be

released (in a time-controlled manner) to allow for local
drug action in the case of inflammatory bowel diseases
or to allow for drug absorption into the bloodstream in
the case of protein drugs with systemic effects®.

Several strategies have been proposed in order to
provide such site-specific drug delivery to the colon®,
Most of them are based on the incorporation of the drug
within a polymeric matrix or on the coating of a drug res-
ervoir (e.g., pellet starter core, tablet, or capsule) with a
polymeric film”®. In both cases, the macromolecular
networks should be poorly permeable for the drug in the
upper GIT, but become permeable once the colon is
reached. To provide this change in drug permeability,
the delivery system might: (i) be sensitive to the changes
in the pH along the GIT, (ii) be preferentially degraded
by enzymes, which are located in the colon, or (iii)
undergo significant structural changes, for example, crack
formation in poorly permeable coatings or erosion in
matrix systems once the colon is reached. Alternatively,
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Figure 1. Water uptake and dry mass loss of thin films consisting of Glucidex 1:ethylcellulose blends upon exposure to 0.1 M HCI and phosphate
buffer (pH 6.8), respectively. The polymer blend ratio is indicated in the figures. For reasons of comparison also the behavior of pure

(plasticized) ethylcellulose films is shown.
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Figure 2. Changes in the energy at break of thin Glucidex 1:ethylcellulose films upon exposure to: (a) 0.1 M HCI and (b) phosphate buffer (pH
6.8). The polymer blend ratio is indicated in the figures. For reasons of comparison also the results obtained with pure (plasticized)

ethylcellulose films are shown.
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Table 1. Effects of the type of starch derivative blended with ethylcel-
lulose and of the starch derivative:ethylcellulose blend ratio on
the mechanical properties of thin films in the dry state at room
temperature.

Puncture  Elongation
Blend  strength atbreak  Energy at break
ratio  *(s), MPa +(s), % +(s), MJ/m®

Glucidex 1 1:2  0.34%(0.05) 0.43+(0.08) 0.012 = (0.005)
1:3  0.36%(0.09) 0.57+(0.05) 0.014*(0.006)

1:4  0.43+(0.07) 0.53+(0.04) 0.011(0.003)

1:5 0.42+(0.11) 0.58+(0.07) 0.015=(0.009)

LycoatRS780  1:2  0.45%(0.04) 0.55+(0.09) 0.016 % (0.008)
1:3  0.40%(0.03) 0.53+(0.07) 0.012(0.007)

1:4  0.42%(0.09) 0.60+(0.09) 0.016 % (0.008)

1:5  0.50%(0.08) 0.60+(0.05) 0.020 % (0.004)

Eurylon 7 1:2  0.78%(0.09) 0.63+(0.02) 0.061(0.005)
A-PG 1:3  0.84+(0.05) 0.67+(0.08) 0.065+ (0.009)
1:4  0.85%(0.04) 0.66+(0.07) 0.070%(0.011)

1:5  0.87%(0.05) 0.75+(0.02) 0.073%(0.006)

Eurylon 6 1:2  0.60+(0.01) 0.50+(0.07) 0.052(0.002)
A-PG 1:3  0.52%(0.05) 0.75+(0.10) 0.068 +(0.008)
1:4  0.76£(0.02) 0.82+(0.04) 0.077 %(0.006)

1:5 0.77£(0.03) 0.81+(0.06) 0.075(0.010)

Eurylon 6 1:2  0.53%(0.07) 0.72+(0.05) 0.053*(0.010)
HP-PG 1:3  0.64%(0.03) 0.81%(0.07) 0.066 = (0.009)
1:4  0.63%(0.02) 0.82+(0.07) 0.062 = (0.009)

1:5  0.87%(0.03) 0.77+(0.05) 0.070(0.010)

the dosage form might release the drug right from the
beginning (in the stomach), but at a rate that is suffi-
ciently low to allow for drug release throughout the GIT,
including the colon!®"13. However, great caution must
be paid, because the conditions in a patient’s colon
might significantly differ from those in the physiological
state!®. For instance, it is well known that the pH and
transit times in the various GIT segments as well as the
types and concentrations of enzymes in the colon of
patients suffering from Crohn’s disease and ulcerative
colitis can fundamentally vary from those in a healthy
subject!®!8, Thus, a dosage form might reliably deliver
the drug to the target site in a healthy subject, but fail in a
patient. Furthermore, considerable inter- and intra-
individual variability in the therapeutic efficacy might be
observed. To avoid these major disadvantages, the drug
delivery system should be adapted to the disease state of
the patient. For instance, if the onset of drug release in
the colon is induced by enzymatic degradation, the
responsible enzymes must be present in the colon of the
patients in sufficient quantities.

Recently, novel types of polymeric films consisting of
blends of different types of starch derivatives and
ethylcellulose were identified as promising coating mate-
rials allowing for site-specific drug delivery to the colon'®.
Such starch derivatives include Lycoat RS 780 (a pregela-
tinized modified starch), Glucidex 1 (a maltodextrin),
Eurylon 7 A-PG (an acetylated and pregelatinized high

amylose starch), Eurylon 6 A-PG (an acetylated and
pregelatinized high amylose starch) and Eurylon 6 HP-
PG (a hydroxypropylated and pregelatinized high amy-
lose starch). Ethylcellulose is water insoluble and avoids
premature film dissolution in the upper GIT?. The starch
derivative is water soluble and preferentially degraded by
enzymes secreted by the microflora present in the colon
of Crohn’s disease and ulcerative colitis patients.

However, it is yet unclear how the key properties of
these novel film coatings (water uptake, dry mass loss,
and mechanical resistance upon exposure to media sim-
ulating the contents of the upper GIT and the colon)
allowing for colon targeting in the disease state can be
adjusted to the specific needs of a particular drug treat-
ment, for example, the hydrostatic pressure developed
within the core formulation upon water penetration into
the system and the administered drug dose. Ideally, the
film coatings should take up no (or only small amounts
of) water, lose no (or only minor amounts of) dry mass,
and remain stable within the contents of the upper GIT
in order to prevent premature drug release. However,
once the colon is reached, the water uptake and dry
mass loss should become significant to allow for con-
trolled drug delivery at the target site. The major aim of
this study was to identify efficient tools that can be used
to easily adjust the crucial film coating properties.

Materials and methods

Materials

Lycoat RS 780 (a pregelatinized hydroxypropyl pea
starch), Glucidex 1 (a maltodextrin), Eurylon 7 A-PG (an
acetylated and pregelatinized high amylose starch), Eury-
lon 6 A-PG (an acetylated and pregelatinized high amylose
starch), and Eurylon 6 HP-PG (a hydroxypropylated and
pregelatinized high amylose starch; (Roquette Freres,
Lestrem, France); aqueous ethylcellulose dispersion
(Aquacoat ECD 30; FMC Biopolymer, Philadelphia, PA,
USA); triethylcitrate (TEC; Morflex, Greensboro, NC, USA).

Preparation of thin, polymeric films

Thin polymeric films were prepared by casting blends
of different types of polysaccharides and aqueous ethyl-
cellulose dispersion into Teflon molds and subsequent
drying for 1 day at 60°C. The water-soluble polysaccha-
ride was dissolved in purified water [5% (w/w), in the
case of Eurylon 7 A-PG, Eurylon 6 A-PG, and Eurylon 6
HP-PG in hot water], blended with plasticized aqueous
ethylcellulose dispersion [25% (w/w) TEC, referred to
the ethylcellulose content, overnight stirring] at a ratio
of 1:2, 1:3, 1:4, 1:5 (polymer:polymer, w/w). The mix-
tures were stirred for 6 hours prior to casting.
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Phosphate buffer (pH 6.8)
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Figure 3. Water uptake and dry mass loss of thin films consisting of Lycoat RS 780:ethylcellulose blends upon exposure to 0.1 M HCl and phos-

phate buffer (pH 6.8), respectively. The polymer blend ratio is indicated in the figures. For reasons of comparison also the behavior of pure
(plasticized) ethylcellulose films is shown.
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Figure 4. Changes in the energy at break of thin Lycoat RS 780:ethylcellulose films upon exposure to: (a) 0.1 M HCl and (b) phosphate buffer (pH
6.8). The polymer blend ratio is indicated in the figures. For reasons of comparison also the results obtained with pure (plasticized) ethylcellu-

lose films are shown.
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0.1M HCI Phosphate buffer (pH 6.8)
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Figure 5. Water uptake and dry mass loss of thin films consisting of Eurylon 7 A-PG:ethylcellulose blends upon exposure to 0.1 M HCI and phos-

phate buffer (pH 6.8), respectively. The polymer blend ratio is indicated in the figures. For reasons of comparison also the behavior of pure
(plasticized) ethylcellulose films is shown.
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Figure 6. Changes in the energy at break of thin Eurylon 7 A-PG:ethylcellulose films upon exposure to: (a) 0.1 M HCl and (b) phosphate buffer

(pH 6.8). The polymer blend ratio is indicated in the figures. For reasons of comparison also the results obtained with pure (plasticized) ethylcel-
lulose films are shown.
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Figure 7. Water uptake and dry mass loss of thin films consisting of Eurylon 6 A-PG:ethylcellulose blends upon exposure to 0.1 M HCI and phos-
phate buffer pH 6.8, respectively. The polymer blend ratio is indicated in the figures. For reasons of comparison also the behavior of pure (plas-

ticized) ethylcellulose films is shown.

Film characterization

The thickness of the films was measured using a thick-
ness gauge (Minitest 600; Erichsen, Hemer, Germany).
The mean thickness of all films was in the range of
300-340 um. The water uptake and dry mass loss kinet-
ics of the films were measured gravimetrically upon
exposure to 0.1 M HCI and phosphate buffer (pH 6.8)
(USP 30) as follows: Pieces of 1.5 x 5 cm were placed into
120 mL plastic containers filled with 100 mL pre-heated
medium, followed by horizontal shaking at 37°C (80 rpm,
GFL 3033, Gesellschaft fuer Labortechnik, Burgwedel,
Germany). At predetermined time points, samples were
withdrawn, excess water removed, the films accurately
weighed (wet mass), and dried to constant weight at
60°C (dry mass). The water content (%) and dry film
mass (%) at time f were calculated as follows:

wet mass (f) — dry mass (¢)

Water content (%) () = x100% (1)

wet mass (1)

dry mass (¢)

Dry fil %)(t)=————
ry film mass (%) (¢) dry mass (£ =0)

x100%. (2)

The mechanical properties of the films in the dry
and wet state were determined with a texture ana-
lyzer (TAXT.Plus, Winopal Forschungsbedarf, Ahns-
beck, Germany) and the puncture test. Film
specimens were mounted on a film holder (n = 6).
The puncture probe (spherical end: 5-mm diameter)
was fixed on the load cell (5 kg) and driven downward
with a cross-head speed of 0.1 mm/s to the center of
the film holder’s hole. Load versus displacement
curves were recorded until rupture of the film and
used to determine the mechanical properties as
follows:

()

F
Puncture strength = e



1196 Y. Karrout et al.
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Figure 8. Water uptake and dry mass loss of thin films consisting of Eurylon 6 HP-PG:ethylcellulose blends upon exposure to 0.1 M HCI and

phosphate buffer pH 6.8, respectively. The polymer blend ratio is indicated in the figures. For reasons of comparison also the behavior of pure
(plasticized) ethylcellulose films is shown.
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Figure 9. Changes in the energy at break of thin Eurylon 6 A-PG:ethylcellulose films upon exposure to: (a) 0.1 M HCI and (b) phosphate buffer

pH 6.8. The polymer blend ratio is indicated in the figures. For reasons of comparison also the results obtained with pure (plasticized) ethylcel-
lulose films are shown.
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Figure 10. Changes in the energy at break of thin Eurylon 6 HP-PG:ethylcellulose films upon exposure to: (a) 0.1 M HCl and (b) phosphate buffer
pH 6.8. The polymer blend ratio is indicated in the figures. For reasons of comparison also the results obtained with pure (plasticized) ethylcel-

lulose films are shown.

where F is the load required to puncture the film and A
the cross-sectional area of the edge of the film located in
the path

VR>+D? -R

% Elongation at break = — K% X 100%. (4)

Here, R denotes the radius of the film exposed in the
cylindrical hole of the holder and D is the displacement.

Energy at break per unit volume = A‘[/]C ) (5)

where AUC is the area under the load versus
displacement curve and V is the volume of the film
located in the die cavity of the film holder.

Results and discussion

Glucidex 1:ethylcellulose blends

It was recently shown that blends of ethylcellulose
and different types of starch derivatives (in particular
Glucidex 1, Lycoat RS 780, Eurylon 7 A-PG, Eurylon 6
A-PG, and Eurylon 6 HP-PG) are promising to allow
for site-specific drug delivery to the colon in order to
improve the local treatment of inflammatory bowel
diseases'®. Importantly, such films serve as sub-
strates for the microflora in the disease state of
patients suffering from Crohn’s disease and ulcer-
ative colitis. However, it is yet unclear in how far the
polymer:polymer blend ratio can affect the resulting

systems’ properties, in particular their water uptake
and dry mass loss kinetics as well as their mechanical
resistance to internal and external stress exhibited
in vivo.

Figure 1 shows the effects of the composition of Glu-
cidex 1:ethylcellulose films on the resulting water
uptake kinetics and dry mass loss behavior upon expo-
sure to 0.1 M HCI and phosphate buffer (pH 6.8),
respectively. For reasons of comparison also the results
obtained with pure (plasticized) ethylcellulose films are
shown. Clearly, the water uptake rates and extents sig-
nificantly increased when increasing the Glucidex
1:ethylcellulose blend ratio from 1:5 to 1:2. This can be
attributed to the fact that Glucidex 1 is a maltodextrin
and much more hydrophilic than ethylcellulose. At high
initial Glucidex 1 contents the water uptake became sig-
nificant, for example, about half of the films consisted of
water in the case of 1:2 blends after 1-hour exposure to
phosphate buffer (pH 6.8). This can be expected to ren-
der an efficient suppression of the release of freely
water-soluble, low-molecular-weight drugs in the
upper GIT challenging, because the mobility of the
macromolecules significantly increases with increasing
water content, resulting in increasing drug mobility.
Elevated coating levels are likely to be required. How-
ever, the permeability for larger drug molecules (e.g.,
proteins) can be low in polymeric networks, even at ele-
vated water contents. In this case, the mobility of the
drug essentially depends on the ratio ‘drug molecule
size:average mesh-size of macromolecular network’.
Advanced drug delivery systems with site-specific deliv-
ery to the colon might for instance be attractive to allow
for the systemic delivery of proteins after oral adminis-
tration: If the proteins are effectively protected against
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the low pH and enzymatic degradation in the upper
GIT, they might get absorbed upon release in the colon.
Furthermore, the relative release rate of a poorly water-
soluble drug might be very low, even if the film coating
contains significant amounts of water, as long as the
dosage form remains intact.

Interestingly, both the rates and the extents of water
uptake were higher in phosphate buffer (pH 6.8) than
in 0.1 M HC], irrespective of the polymer blend ratio
(Figure 1, top row). This can at least partially be attrib-
uted to the presence of sodium dodecyl sulfate (SDS)
in the aqueous ethylcellulose dispersion (acting as a
stabilizer) used for film preparation®!. At low pH, this
surfactant is protonated and neutral, whereas at pH
6.8 it is deprotonated and negatively charged. Thus, its
ability to decrease interfacial tensions is increased,
facilitating water penetration into the polymeric net-
works.

Furthermore, the rates and extents of the dry films’
mass loss significantly increased with increasing Gluci-
dex 1 content (Figure 1, bottom row). This can at least
partially be explained by the leaching of this water-
soluble maltodextrin into the bulk fluids. Furthermore,
the (partial) leaching of the water-soluble plasticizer
TEC into the release media is responsible for this
phenomenon?2, TEC is required for the plasticization of
the ethylcellulose nanoparticles to allow for the film for-
mation from aqueous dispersions. Even Glucidex 1 free
films lose some dry mass, in particular at pH 6.8. The
considerable water content of the polymeric systems
containing high initial Glucidex 1 contents can be
expected to facilitate the leaching of the low-molecular-
weight, water-soluble plasticizer TEC. Again, the
observed effects were more pronounced upon exposure
to phosphate buffer (pH 6.8) than to 0.1 M HCI (Figure 1),
because of the presence of SDS.

In addition to appropriate water uptake and dry mass
loss kinetics, polymeric film coatings that are intended to
allow for site-specific drug delivery to the colon must also
provide sufficient mechanical stability in order to with-
stand the various mechanical stresses encountered in
vivo. This concerns in particular: (i) the shear forces
resulting from the motility of the upper GIT and (ii) the
hydrostatic pressure acting against the film coating from
the core of the dosage form, caused by the osmotically
driven water influx into the system upon contact with
aqueous body fluids. In order to estimate the capacity of
the investigated Glucidex 1:ethylcellulose blends to
withstand such external and internal stresses, the
mechanical properties of thin films were measured with
a texture analyzer and the puncture test. The puncture
strength, percent elongation at break as well as the
energy required to break the films in the dry state at room
temperature are shown in Table 1. Clearly, the mechani-
cal stability of the systems increased with increasing

ethylcellulose content. Thus, the latter compound is the
stabilizing agent in these polymeric networks. For
reasons of comparison, the puncture strength, elonga-
tion at break, and energy at break of pure (plasticized)
ethylcellulose films were equal to 0.98 = (0.02) MPa,
0.85 +(0.02)%, and 0.078 + (0.002) MJ/m?3, respectively.

It has to be pointed out that the mechanical properties
shown in Table 1 were obtained with dry films at room
temperature. It is well known that water acts as a plasti-
cizer for many polymers and as it can be seen in Figure 1,
significant amounts of water penetrate into the films
upon exposure to 0.1 M HCI and phosphate buffer (pH
6.8). Furthermore, the composition of the polymeric sys-
tems significantly changes upon contact with the release
media due to (partial) Glucidex 1 and TEC leaching. In
addition, the mechanical resistance of the polymeric
films might significantly depend on the temperature.
Polymers can for instance undergo glassy-to-rubbery
phase transitions when increasing the temperature to
37°C. For these reasons, the mechanical properties of the
investigated Glucidex 1:ethylcellulose blends were also
determined following exposure to 0.1 M HCI for up to
2hours and to phosphate buffer (pH 6.8) for up to
8 hours. As it can be seen in Figure 2, the mechanical sta-
bility of the polymeric films decreased with time due to
partial Glucidex 1 and TEC leaching, irrespective of the
polymer blend ratio and type of release medium. Impor-
tantly, appropriate mechanical stabilities can be adjusted
effectively by varying the polymer:polymer blend ratio
(and eventually by varying the coating thickness).

Lycoat RS 780:ethylcellulose blends

Figure 3 shows the gravimetrically determined water
uptake and dry mass loss kinetics of thin films consist-
ing of different types of Lycoat RS 780:ethylcellulose
blends upon exposure to 0.1 M HCI and phosphate
buffer (pH 6.8), respectively. Lycoat RS 780 is a pregela-
tinized modified starch. As in the case of Glucidex 1, the
resulting extent and rate of the water penetration into
the systems significantly increased when increasing the
starch derivative:ethylcellulose ratio from 1:5 to 1:2
(Figure 1, top row). This can again be attributed to the
higher hydrophilicity of the starch derivative compared
to ethylcellulose. Appropriately elevated coating levels
are likely to be required to suppress the premature
release of freely water-soluble, small-molecular-weight
drugs in the upper GIT at high initial Lycoat RS 780 con-
tents. Also the rate and extent of the films’ dry mass loss
significantly increased with increasing Lycoat RS 780
contents due to partial TEC and starch derivative leach-
ing. In all cases, the rates and extents of the water pene-
tration and dry mass loss were higher in phosphate
buffer (pH 6.8) compared to 0.1 M HCI, because of the
pH-dependent ionization of SDS as discussed above.



Asin the case of Glucidex 1l:ethylcellulose blends, the
mechanical stability of Lycoat RS 780:ethylcellulose
films could effectively be adjusted by varying the initial
ethylcellulose content. This was true for the puncture
strength, % elongation at break, and energy at break in
the dry state at room temperature (Table 1) as well as
for the mechanical resistance in the wet state upon
exposure to 0.1 M HCI and phosphate buffer (pH 6.8)
(Figure 4). The decrease in the energy at break with time
can again be attributed to partial plasticizer and starch
derivative leaching into the bulk fluids, irrespective of
the type of release medium.

Eurylon 7 A-PG:ethylcellulose blends

The water uptake and dry mass loss kinetics of thin
films consisting of 1:2 to 0:1 Eurylon 7 A-PG:ethylcel-
lulose blends in 0.1 M HCl and phosphate buffer (pH
6.8) are shown in Figure 5. Eurylon 7 A-PG is an
acetylated and pregelatinized high amylose starch.
As it can be seen, the same tendencies as with Gluci-
dex 1:ethylcellulose and Lycoat RS 780:ethylcellulose
blends were observed: (i) the water uptake rates and
extents increased with decreasing ethylcellulose
contents, (ii) the dry mass loss rates and extents
increased with increasing starch derivative contents,
and (iii) these effects were more pronounced in
phosphate buffer (pH 6.8) than in 0.1 M HCI. Inter-
estingly, the dry mass loss of thin films consisting of
Eurylon 7 A-PG:ethylcellulose was much less pro-
nounced than that of Glucidex 1:ethylcellulose and
Lycoat RS 780:ethylcellulose films upon exposure to
0.1 M HCI and phosphate buffer (pH 6.8), respec-
tively (bottom rows in Figures 1, 3, and 5). This was
true for both the rates and the extents of the dry mass
loss and for all the investigated polymer blend ratios.
Importantly, the water contents of the Eurylon 7 A-
PG:ethylcellulose films upon 2-hour exposure to
phosphate were considerable: about 50% (w/w).
Thus, also at high initial Eurylon 7 A-PG contents,
elevated coating levels are likely to be required in
order to suppress the premature release of freely
water-soluble, low-molecular-weight drugs in the
upper GIT. Importantly, the mechanical resistance
of the Eurylon 7 A-PG:ethylcellulose-based films was
significantly higher than that of films consisting of
Glucidex 1:ethylcellulose and Lycoat RS 780:ethyl-
cellulose blends in the dry state at room temperature
(Table 1). However, these differences became minor
when the films were exposed to 0.1 M HCI and phos-
phate buffer (pH 6.8), irrespective of the type of
release medium (Figure 6). Importantly, the varia-
tion of the polymer blend ratio again allowed for an
efficient adjustment of the mechanical stability of
the films.
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Eurylon 6 A-PG:ethylcellulose and Eurylon 6 HP-PG:
ethylcellulose blends

Eurylon 6 A-PG is an acetylated and pregelatinized
high amylose starch, and Eurylon 6 HP-PG is a
hydroxypropylated and pregelatinized high amylose
starch. Interestingly, the dry mass loss of thin films
consisting of Eurylon 6 A-PG:ethylcellulose and Eury-
lon 6 HP-PG:ethylcellulose blends was limited upon
exposure to 0.1 M HCl and phosphate buffer (pH 6.8),
respectively (Figures 7 and 8, bottom rows). In con-
trast, the water uptake rates and extents of these films
upon exposure to the different release media were
considerable, reaching water contents of approxi-
mately 50% (w/w) after 1-2 hours exposure to phos-
phate buffer (pH 6.8) in the case of high initial starch
derivative contents (Figures 7 and 8, top rows). Thus,
also for Eurylon 6 A-PG:ethylcellulose and Eurylon 6
HP-PG:ethylcellulose blends elevated coating levels
are likely to be required to suppress premature
release of freely water-soluble, low-molecular-weight
drugs in the upper GIT at low initial ethylcellulose
contents. As it can be seen in Table 1, the mechanical
properties of thin films consisting of these types of
polymer blends in the dry state at room temperature
are similar to those of Eurylon 7 A-PG:ethylcellulose
blends at the same blend ratios. As in the case of the
latter blends, exposure to 0.1 M HCI or phosphate
buffer (pH 6.8) resulted in a decrease in the mechani-
cal stability of the macromolecular networks, irre-
spective of the type of release medium and polymer
blend ratio (Figures 9 and 10). Importantly, desired
system stabilities can again effectively be adjusted by
varying the polymer blend ratio.

Conclusion

The key properties of thin polymeric films consisting of
starch derivative:ethylcellulose blends exhibiting an
interesting potential to provide site-specific drug deliv-
ery to the colon (and being adapted to the pathophysi-
ology of inflammatory bowel disease patients) can
effectively be adjusted by varying the polymer blend
ratio and type of starch derivative. This includes the
water uptake and dry mass loss kinetics as well as the
mechanical properties of the films before and upon
exposure to aqueous media simulating the contents of
the upper GIT. Thus, broad ranges of film coating prop-
erties can easily be provided, being adapted to the
needs of the respective drug treatment (e.g., osmotic
activity of the core formulation and administered dose).
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