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Abstract. Polymeric coating materials have been widely used to modify release rate of drug. We
compared physical properties and release-controlling efficiency of polymeric coating materials using
matrix-type casted film and diffusion-controlled coated tablet. Hydroxypropylmethyl cellulose (HPMC)
with low or high viscosity grade, ethylcellulose (EC) and Eudragit® RS100 as pH-independent polymers
and Eudragit S100 for enteric coatings were chosen to prepare the casted film and coated tablet. Tensile
strength and contact angle of matrix-type casted film were invariably in the decreasing order: EC> Eudragit
$100> HPMC 100000> Eudragit RS100>HPMC 4000. There was a strong linear correlation between tensile
strength and contact angle of the casted films. In contrast, weight loss (film solubility) of the matrix-type casted
films in three release media (gastric, intestinal fluid and water) was invariably in the increasing order: EC<
HPMC 100000<Eudragit RS100< HPMC 4000 with an exception of Eudragit S100. The order of release rate
of matrix-type casted films was EC>HPMC 100000>Eudragit RS100>HPMC 4000>Eudragit S100.
Interestingly, diffusion-controlled coated tablet also followed this rank order except Eudragit S100 although
release profiles and lag time were highly dependent on the coating levels and type of polymeric coating
materials. EC and Eudragit RS100 produced sustained release while HPMC and Eudragit S100 produced
pulsed release. No molecular interactions occurred between drug and coating materials using "H-NMR
analysis. The current information on release-controlling power of five different coating materials as matrix
carrier or diffusion-controlled film could be applicable in designing oral sustained drug delivery.

KEY WORDS: diffusion-controlled coated tablet; drug release rate; matrix-type casted film; polymeric
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INTRODUCTION

Numerous oral modified-release dosage forms are widely
used for many therapeutic reasons. Polymeric coating materi-
als have been widely used for achieving modified release of
various dosage forms to provide sustained or pulsed drug
release (1-6). Pharmaceutically available polymers such as
polymethacrylates (Eudragit RS100, and Eudragit S100),
hydroxypropylmethyl cellulose (HPMC), and ethylcellulose
(EC) in either a single or mixed composition are widely
applicable as matrix carriers and coating materials of
pharmaceutical dosage forms to obtain modified releases.

There are numerous reports to investigate the effect of
coating formulations (coating levels, solvent, particle size,
type of polymer and plasticizer, etc.) and processing param-
eters (air pressure and temperature, etc.) on physicochemical
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properties of the coated films and drug release using a single
polymer or blends of various polymers (2,7-9). The phys-
icochemical properties of the coated film in a single or binary
blend of coating materials are related with drug release
profiles from coated dosage forms. Among them, tensile
strength, contact angle (wettability), and weight loss (solu-
bility) of coating materials in release media are the most key
factors which influence drug release (2,8,10,11).

However, pharmaceutical product formulation and pro-
cessing are very complex tasks and it is often difficult to
optimize the drug release patterns. The release-controlling
power of coating materials is very variable and scattered even
though the coating formulation and processing conditions are
fixed. Recently, neurofuzzy logic, neural networks, and
decision trees were successfully developed as predictive
models for tensile strength and drug release profiles of
immediate release tablet formulation to overcome the com-
plex non-linear relationship between formulation composi-
tion, process conditions, and product properties (12,13).
Therefore, establishment of physical properties and release-
controlling efficiencies of the various coating materials are
needed to produce the intended controlled-release profiles as
well as to select proper coating materials in dosage form
design. So far, no comparison of release-controlling power of
different polymeric coating materials has been investigated
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despite the wide applications of coating materials for
controlled drug delivery in pharmaceutical sciences.

The aims of this work were to compare physical proper-
ties and release-controlling efficiency of polymeric coating
materials using matrix-type film and diffusion-controlled
coated tablet. Five pharmaceutically available coating materi-
als were chosen for comparison. HPMC 4000, HPMC 100000,
EC and Eudragit® RS100 are pH-independent polymers
while Eudragit® S100 is a pH-dependent enteric polymer.
Acetaminophen (APAP) was chosen as a model drug.
Release profiles of casted films and coated tablets were
evaluated in enzyme-free simulated gastric fluid (SGF) for 2 h
and subsequently continued in simulated intestinal fluid
(SIF). Physical properties such as tensile strength, contact
angle, weight loss (film solubility) in media (SGF, SIF, and
water) and surface morphology of the matrix-type casted
films were characterized. Release rate of matrix-type casted
film and diffusional-controlled coated tablet were then
investigated. Molecular interactions between drug and coat-
ing materials were also investigated using 'H NMR analysis.

MATERIALS AND METHODS
Materials

APAP and cross-linked carboxymethyl cellulose sodium
(Ac-Di-Sol®) were obtained from Korea United Pharm. Inc.
(Seoul, Korea). Eudragit S100 and RS100 were provided as a
courtesy of Degussa (Seoul, Korea). Two different kinds of
HPMC (Methocel grade K4AMP and K100MP) with the same
particle size (90SH type) were provided by Richwood (Seoul,
Korea). Ethyl cellulose (ethoxy content, 48.2%) and dibutyl
sebacic acid (DBS) were purchased from Sigma (St. Louis,
MO). Talc, a purified and hydrated magnesium silicate, was
purchased from Showa (Tokyo, Japan). Magnesium stearate
was purchased from Katayama (Osaka, Japan). All other
chemicals were reagent grade and used without further
purification.

Methods
Preparation of Polymeric Coating Solutions

The formulation compositions of the polymeric coating
solutions are shown in Table I. Eudragit S100 and Eudragit
RS100 were dissolved in organic solvents. HPMC was
dissolved in a mixture of ethanol and deionized water. The
talc and DBS (20% based on solid polymer content) were
added to the coating solutions and then stirred for 24 h to
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ensure sufficient plasticization of the polymer. DBS was used
as a plasticizer. The concentration of the polymer in the
solvent was 10% by weight, except for EC, which was 5%.

Preparation of Matrix-type Casted Films

The solvent-based matrix-type casted films were pre-
pared from polymeric coating solutions as described previ-
ously (8). The polymeric coating solution in an ethanol:
deionized water (9:1) mixture was casted onto a glass plate
that was placed on a level, flat surface and then slowly
evaporated at ambient conditions for about 72 h. Film
thickness (approximately 300 pm) was measured in triplicate
using a dial thickness gauge (Mitutoyo, #7326, Tokyo, Japan)
with a micrometer unit. Measurements were taken at three
positions on each specimen for determining average tensile
strength. The films were cut into bow-shaped sections. The
rectangular matrix-type casted film with 10 cm length, 2 cm
ends and 300 pm thickness was used for tensile strength
determinations, while film with 2.5 cm length, 2 cm ends and
300 um thickness was used for the weight loss tests and
surface morphology using SEM.

The matrix-type casted films containing drug were also
prepared by adding 5 g APAP to five coating solutions and
then the process was repeated as described above.

Weight Loss of Matrix-type Casted Film in Release Media

The weight loss (film solubility) of matrix-type casted films
was determined by gravimetric analysis. Casted films (approx-
imately 500 mg) were weighed (W;), immersed in 900 mL of
media (SGF, SIF, and deionized water), and maintained at 37+
0.5°C. The dissolution apparatus 1 (basket; Fine Scientific
DST600A, Seoul, Korea) was rotated for 3 h at a rate of
100 rpm. After 3 h, film residues were gently removed from the
vessels and completely dried at 40°C using a vacuum drying
oven (Misung Engineering Co., Seoul, Korea) until a constant
mass was reached (W;). Each experiment was performed in
triplicate. The weight loss of polymeric film was then calculated
according to the following equation:

Weight loss(%) = (W; — W,)/W; x 100 (1)

Tensile Strength of Matrix-type Casted Film

The matrix-type casted films were preconditioned for at
least 48 h in a constant temperature humidity chamber set at
23°C and 50% relative humidity before testing. Tensile

Table I. Formulation Compositions for the Preparation of Polymeric Coating Solution (g)

Solvents
Polymer” DBS Talc Acetone Isopropyl- alcohol Ethanol Water
Eudragit S100 2 0.5 30 100 - -
Eudragit RS100 2 0.5 30 100 - -
HPMC 4000 2 0.5 - - 150 30
HPMC 100000 2 0.5 - - 150 30
EC 2 0.5 140 - 60 -

“Solid contents of polymeric solution used was invariably 10%
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strength and percent elongation at break of rectangular film
samples were examined using a Universal Testing Machine
(Model-LR10K, TIRA Mechinehban GmbH, Germany) with
an extension speed of 1.0 mm/min. The test procedure was
based on the ASTM D638 method. The stress—strain curve
was recorded for each film sample, and the mechanical
parameters (tensile strength and elongation) were deter-
mined in triplicate.

Contact Angle of Matrix-type Casted Film

Polymeric coating materials were completely dissolved in
solvents (see Table I) and filtered through a PTFE syringe
filter with a pore size of 0.2 um. The clear solution was then
spin-coated onto a silicon wafer at a speed of 3,000 rpm for
30 s using a Head-Way PM101DT-R485 spinner (Shinu M.S.T
Co. Ltd) and then dried in air to form a thin film. Contact
angles were measured by the sessile drop technique using a
contact angle goniometer (DSA 100, KRUSS GmbH, Ger-
many). In each experiment, a drop of deionized water was
placed on the surface of the polymeric thin film at room
temperature. The measurements of contact angles were taken
five times by direct reading of different zones of the
polymeric thin films.

Surface Morphology of Matrix-type Casted Film Using SEM

Surface morphology of matrix-type casted film was
determined using scanning electron microscopy (SEM) to
evaluate the coating integrity. The casted films were coated
with gold under an argon atmosphere using a Jeol JFC-1100
sputter coater (Jeol, Japan) at the Korean Basic Science
Institute (Chuncheon, Korea) for about 2 min to obtain a
200 A coating thickness. Micrographs were taken with a
Cambridge Stereo Scan 200 (London, UK) at an accelerating
voltage of 15 kV.

Preparation of Core Tablets

Powders containing drug, Avicel®, superdisintegrant
(Ac-Di-Sol), magnesium stearate, and talc (66.7:30.7:1.3:
0.65:0.65 w/w%) were thoroughly blended together using a
mortar and pestle. The resulting powder mixtures were
directly compressed into tablets using a rotary tablet machine
(Korea Machine, Seoul, Korea) equipped with a capsule-
shaped punches (small outside diameter, 8.6 mm and large
outside diameter, 16 mm). The hardness of tablets was in
triplicate measured using the Erweka® hardness tester
(Model SVM-12, Heusenstamm, Germany). The mean weight
and hardness of 30 core tablets were 450.0+24.0 mg and
100.0+£20.0 N, respectively.

Preparation of Coated Tablets

The core tablets were manually coated with various
polymeric coating solutions by dipping. The core tablet was
completely dipped into the polymeric suspension and was
then dried with a hair dryer. The dipping steps were repeated
until desired coating levels, defined as percent of weight gain
compared to uncoated core tablets, were obtained.
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Release Studies

Release studies were performed in triplicate using the
KP VIII dissolution paddle method (Fine Scientific
DST600A, Seoul, Korea) at 37+0.5°C with a stirring speed
of 50 rpm. The enzyme-free SGF and SIF were prepared
according to the method previously reported (6). APAP
solubility was not affected by pH condition. It was previously
reported that APAP solubility in water (approximately 15 mg/
ml) is almost constant over a physiological range of pH 1-7
(14). Therefore, it is unnecessary to perform the release test
in the sink condition. Matrix-type casted films or diffusion-
controlled coated tablet was placed in 900 ml of the SGF (pH
1.2+0.1) for 2 h and then switched to 900 ml of the SIF (pH
6.8+0.1) for 24 h. The grilles were used to prevent floating of
the casted films. Five milliliters of release media were
collected at given time intervals and replaced with an equal
volume of temperature-equilibrated media. The collected
media was filtered through a 0.45-pm membrane (regener-
ated cellulose), and immediately diluted with the mobile
phase for prevention of drug precipitation. The concentration
of dissolved drug was measured using a UV-Vis spectropho-
tometer at a wavelength of 254 nm.

The time required for the percentage of the dose to be
released was designated as T9,. For example, the time
required for 100% of the 300 mg dose to be released was
designated as T'jgp9.- It indicates that the higher 7', the lower
drug release rate. T, was directly obtained from the release-
time curves. The lag time (7ag 1ime) Was also determined from
the x-intercept of the release profiles.

"H-NMR Analysis

To study molecular interactions between the drug, DBS,
and polymeric coating materials, "H-NMR spectra were
measured. For '"H-NMR studies, the lipophilic polymers,
Eudragit RS100, Eudragit S100, and EC, and their mixtures
with DBS or APAP were dissolved in DMSO. D,0O was used
in the case of hydrophilic HPMC. The 'H-NMR for each
specimen was measured at 24°C using a 600 MHz Brucker
Avance spectrometer (JEOL, Germany). "H-NMR spectra of
APAP and DBS were also compared as references.

Data Analysis

All data were expressed as average + standard devia-
tions. Linear regression modeling between tensile strength
and contact angle among five polymeric coating materials was
used for comparison using Sigmaplot 2004, Systat Software,
Inc. (San Jose, CA, USA). Data were analyzed using SAS
program (SAS Institute, Inc., version 9.1) for statistical
differences by a one-way ANOVA, applying Duncan’s multi-
ple comparison test. A p<0.05 was considered statistically
significant.

RESULTS AND DISCUSSION
Surface Morphologies of the Matrix-type Casted Film

Film surface morphology of the casted films was further
characterized by SEM (Fig. 1). The surface of the films was
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Fig. 1. Surface morphology of the matrix-type casted films using SEM

homogenous and smooth. No phase separation or aggregation
was observed. Non-uniform, rough, and small pores were
observed in the case of casted EC films. However, these
phenomena were not related to drug release rates because
EC had high tensile strength and longer drug release
compared with other coating polymers as described below.

Physical Properties of Matrix-type Casted Film
and Their Correlations

To compare the release-modulating power of five
polymeric coating materials, the casted films with identical
composition of tablet coatings were prepared and their
physical properties, such as tensile strength, elongation,
contact angle, and weight loss (solubility) in release media
were characterized. The physical properties of the matrix-
type casted films are then compared in Table II. Incorpo-
ration of different coating polymers into the coated films
significantly changed the physical properties by the ANOVA

test, applying multiple comparison (p<0.05). However, the
contact angle and weight loss between Eudragit S100 and EC
had no statistical significance. Tensile strength is defined as the
maximum stress sustained by the material (15). Tensile strength
test is a general approach used to evaluate the mechanical
properties of coated films in pharmaceutical coating. Film
tensile strength revealed the following rank order: EC>
Eudragit S100>HPMC 100000>Eudragit RS100>HPMC
4000, indicating that EC was strong and flexible. Tensile
strength of HPMC 4000 and Eudragit RS100 film exhibited
the lowest mechanical strength (about 1,300 N/m?)

To confirm the wettability of the polymeric coating films
in release media, the contact angles of water on the hydro-
philic and hydrophobic surfaces of polymer films were
determined. The order of the contact angles was EC>
Eudragit S100>HPMC 100000>Eudragit RS100>HPMC
4000. A contact angle is an indication of degree of wetting,
and the higher the less degree of wetting (15). Generally, a
contact angle above 90° indicates poor wettability, and a
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Table II. Comparison of Physical Properties of the Matrix-type Casted Films
Parameters Eudragit S100 Eudragit RS100 HPMC 4000 HPMC 100000 EC
Tensile strength (N/m?) 2,040+62 1,418+18 1,265+71 1,614+88 2,213+57
Elongation (%)“ 14+0.33 27+0.25 31+0.41 22+0.29 12+0.28
Contact angle (°)” 65+2.91 31+0.47 13+1.03 43+1.91 68+0.79
Weight loss in SGF (%)” 0.45+0.12 4.79+0.79 9.32+0.11 2.05+0.12 0.24+0.13
Weight loss in water (%)* 1.43+0.25 4.13+0.74 9.24+0.38 2.48+0.22 0.41+0.41
Weight loss in SIF (%)* 18.95+0.81 4.33+0.07 10.02+0.60 2.49+0.28 0.25+0.13

Each value represents the mean + SD (n=3)

“Significantly different among matrix-type casted films by ANOVA test, applying multiple comparisons (p<0.05)
b Significantly different among matrix-type casted films by multiple comparisons except Eudragit $100 and EC

reduced contact angle improves wetting and drug release
(11). EC had a high contact angle (68°) compared with the
other coating materials due to their hydrophobic properties.
Interestingly, a linear correlation of tensile strength and
contact angle of the matrix-type casted films was observed
(Fig. 2). There was a positively strong correlation between
tensile strength and contact angle of the five casted films. The
higher the tensile strength, the higher the contact angle was
obtained, giving poor wettability of the coating films in
release media.

In addition to the tensile strength and contact angle, film
weight loss (solubility) was investigated in three different
media to index drug release patterns. Film weight loss
indicates the extent of surface erosion and polymer degrada-
tion from coated tablets via subsequent water uptake. Water
uptake, erosion, and drug release occur simultaneously
during the release of drug from coated films (2,7,8). The rate
of weight loss of the coated films is also affected by the testing
media due to their dependence on film solubility.

The order of weight loss was invariably HPMC 4000>
Eudragit RS100>HPMC 100000>Eudragit S100>EC in
deionized water and SGF and these results are in accordance
with the tensile strength results. However, this order was
Eudragit S100>HPMC 4000>Eudragit RS100>HPMC
100000>EC in SIF. Eudragit S100, an enteric polymer,
showed the highest weight loss (18.95+0.81%) due to its high
solubility in high pH conditions. In contrast, the repeating
carboxyl groups of the Eudragit S100 is un-ionized in SGF
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Fig. 2. Linear correlation of tensile strength and contact angle of the
matrix-type casted films

produces a closely packed structure, leading to reduced
release.

Release Rates of Matrix-type Casted Film
and Diffusion-controlled Coated Tablets

Release rate of drug from matrix-type casted films are
shown in Fig. 3. Release profiles and lag time were also highly
dependent on the type of polymeric coating materials. In the
case of Eudragit S100, lag time was observed at 2 h due to its
resistance to SGF as an enteric coating polymer. In contrast,
release profiles of other matrix-type casted films showed
sustained release with no distinct lag time. The order of Tjpge,
of matrix-type casted films was the decreasing order: EC>
HPMC 100000>Eudragit RS100>HPMC 4000>Eudragit
S100.

The effect of types and levels of polymeric coating
materials on drug release rate from coated tablets is also
shown in Fig. 4. The uncoated core tablet showed immediate
release within 1 h. Release rate decreased as invocating levels
increased. In the case of Eudragit S100, no lag time was
observed at 5% coating level due to the high solubility of
APAP, even though Eudragit S100 is an enteric coating
polymer. As the film thickness increased, lag time accordingly
increased in a pulsed manner. About 2.75 h lag time was
obtained at 10% coating levels. In case of Eudragit RS100,
release rate gradually decreased in a sustained fashion with
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Fig. 3. Release rate profiles from matrix-type casted films
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Fig. 4. Effect of types and levels of coating materials on release rate
from diffusion-controlled coated tablets

no distinct lag time as the coating level increased, even at the
10% coating level. Eudragit RS100 was not efficient to
modulate the lag time for pulsed release. In contrast, the lag
time of tablet coated with EC was also significantly increased
(0.75 h to 4 h) as the coating levels increased. After a
determined lag time, there was sustained release of drug from
the coated tablets. Release profiles of tablets coated with
different viscosity grades of hydrophilic HPMC at different
coating levels were also compared. About 14% APAP slowly
released in a near-zero-order fashion for 4 or 8 h when 10%

| I \J’ " EC : DBS (5:1)
l I ﬂ U]\ Eudragit RS100: DBS (5:1)
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or 15% coatings with high-viscosity-grade HPMC 100000 was
applied, respectively. Thereafter, drug was gradually released
in a pulsed manner. We reported that high-viscosity-grade
HPMC100000 could produce pulsed release after coating of
the core tablet (3). In contrast, low-viscosity-grade HPMC
4000 gave much faster release and a 1.5 h lag time. High-
viscosity HPMC retarded release rate more significantly and
gave a longer lag time for pulsed release due to its swelling
and gelling capacity. Drug release from tablets coated with
HPMC is highly dependent on the viscosity grade of the
HPMC and its coating levels (3,4).

Release Tig_1009 (time to release % drug) increased as
the coating levels increased in all formulations tested. Release
profiles and lag time were highly dependent on the coating
levels and type of coating materials. Pulsed release with a lag
time was obtained when core tablets were coated with
HPMC, EC, or Eudragit S100 in the following lag time order:
HPMC 100000>Eudragit S100>HPMC 4000>EC>Eudragit
RS100, whereas the Tgg9, Was EC>HPMC 100000>(Eudra-
git S100)>Eudragit RS100>HPMC 4000. The EC and
Eudragit RS100 produced sustained release while HPMC
and Eudragit S100 produced pulsed release. These results are
in accordance with release rate of matrix-type casted film with
an exception of pH-dependent Eudragit S100. Thus, matrix-
type casted films among coating materials could be also used
as an index to expect release rate of diffusion-controlled
coated tablet.

Drug release rate tended to decrease as the tensile
strength increased, and EC, with the highest tensile strength,
showed the slowest release rate. A harder film must have a
high tensile strength (stress) and a large extension before
breaking. As the contact angle of the film increased, 7'jgpo, Of
the drug took longer. It was reported that a negative
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Fig. 5. 'H-NMR spectra of APAP, Eudragit S100, Eudragit RS100, HPMC4000, HPMC 100000, EC, DBS, and their mixtures in DMSO (a) or
D,O0 solution (b)
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correlation between contact angle of the triglyceride film and
the amount of drug release (or positive correlation with 7%)
(11). It was known that the extent of weight loss in release
media was correlated with drug release rate from coated
dosage forms (2,7). In addition to thickness (coating levels),
weight loss in release media was crucial to the drug release
rate because the high weight loss (solubility) of the film
increased the drug release rate (2).

"H-NMR spectra for Molecular Interaction of Coating
Materials

We also used 'H-NMR to investigate the molecular
interactions between coating materials. Figure 5 shows the
'"H-NMR spectra of APAP, DBS, and polymeric coating
materials and their mixtures in DMSO or D,O. Specific
APAP peaks appeared at 1.97, 6.66, and 7.33 ppm,
respectively, whereas DMSO and D,O solvent peaks were
at 2.5, 3.34 (Fig. 5a), and 4.72 ppm (Fig. 5b), respectively. The
peaks of binary mixtures of APAP/polymer, APAP/DBS, and
polymers/DBS were unchanged and appeared at the same
position as peaks of the single component, although peak
intensity decreased due to the decreased mixture ratio. Thus,
no chemical degradation or complexation of the coating
materials occurred during the coating process. In addition,
the molecular interaction between drug and polymeric
coating materials was not a factor to modulate release rates
of coated tablets.

CONCLUSIONS

Release-controlling efficiencies of polymeric coating mate-
rials using matrix-type film and diffusion-controlled coated
tablet were compared. The release rate of drug from coated
tablet was rather faster as compared to matrix-type film. The
order of release rate of matrix-type casted films and diffusion-
controlled coated tablet was invariably followed: EC > HPMC
100000 > Eudragit RS100 > HPMC 4000 with an exception of
Eudragit S100. Interestingly, release-controlling efficiency of
coating materials using matrix-type casted films was well
matched with diffusion-controlled coated tablet in rank order
of release rate. The physical parameters among coating
materials such as tensile strength, contact angle and weight loss
(film solubility) in media showed this rank of order. A strong
linear correlation between tensile strength and contact angle
was observed. Thus, the current information can be also useful
for understanding release-modulating power and selection
guidelines of different coating materials in preparing oral
sustained drug delivery.
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