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Abstract. Antiadherents are used to decrease tackiness of a polymer coating during both processing and
subsequent storage. Despite being a common excipient in coating formulae, antiadherents may affect
mechanical properties of the coating film as well as drug release from film-coated tablets, but how could
addition of antiadherents affect these properties and to what extent and is there a relation between the
physical characteristics of the tablet coat and the drug release mechanisms? The aim of this study was to
evaluate physical characteristics of films containing different amounts of the antiadherents talc, glyceryl
monostearate, and PlasACRYL™ T20. Eudragit RL30D and Eudragit RS30D as sustained release
polymers and Eudragit FS30D as a delayed release material were used. Polymer films were characterized
by tensile testing, differential scanning calorimetry (DSC), microscopic examination, and water content as
calculated from loss on drying. The effect of antiadherents on in vitro drug release for the model
acetylsalicylic acid tablets coated with Eudragit FS30D was also determined. Increasing talc concentration
was found to decrease the ability of the polymer films to resist mechanical stress. In contrast, glyceryl
monostearate (GMS) and PlasACRYL produced more elastic films. Talc at concentrations higher than
25% caused negative effects, which make 25% concentration recommended to be used with acrylic
polymers. All antiadherents delayed the drug release at all coating levels; hence, different tailoring of

drug release may be achieved by adjusting antiadherent concentration with coating level.
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INTRODUCTION

Coating has different functional, protective, and decora-
tive purposes and is an important step during manufacturing
of solid dosage forms. Polymeric film coating can be used to
improve the quality, safety, operational efficiency, and produc-
tion capability and increase profits (1). Despite of having more
difficult film formation process than solvent-based solutions,
aqueous polymeric dispersions have been used more frequent-
ly due to their lower toxicity levels (2). These aqueous-based
polymers include acrylic resins, cellulosic derivatives, and vi-
nyl polymers. Current study employed the acrylic polymers
Eudragit RL30D (ERL), RS30D (ERS), and FS30D (EFS) as
model coating polymers covering both delayed and sustained
release. The presence of cationic quaternary ammonium
groups (QAGsS) in the chemical structure of the ERL and
ERS influence the permeability of these water-insoluble
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polymers which makes them primarily used for sustained re-
lease applications (3-6). In contrast, the ionizable carboxylic
acid functional groups present in EFS makes it suitable for
delayed release (7-11).

Tackiness is an important issue during/after coating as the
coating layer may become tacky before or after drying
depending on its glass transition temperature (7,) (12). So,
antiadherents are added to the coating formulation. Most
frequently, talc is used to decrease tackiness and is recommen-
ded for use with acrylic polymers (13). However, the addition
of talc in coating formulations can result in sedimentation of
the material during the spraying process, clogging of the spray
nozzle, and incompatibilities with other materials in the coat-
ing and/or the substrate (14-18). Glyceryl monostearate
(GMS) has been used as an alternative to talc (2,19,20). An-
other alternative is the ready-to-use PlasACRYL™, a com-
mercially available suspension of GMS, triethyl citrate as a
plasticizer, and polysorbate 80 as a surfactant (13,21).

The study depends on comparing between different anti-
adherents either in its common form such as talc and GMS or
in a complete system such as PlasACRYL which combines
antiadherent along with surfactant and plasticizer, such com-
parison would give us a chance to evaluate such ready-to-use
systems against common antiadherents.

Physical-mechanical properties of polymeric films are
important for their performance either in drug release or
integrity of the final dosage forms and are strongly
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influenced by the presence of additives as previously reported
by Felton et al. (22) and Fukui et al. (23). Thus, while anti-
adherents are necessary excipients in acrylic films, they may
adversely affect polymer properties. The aim of this study was
to determine the effect of different antiadherents on the phys-
ical-mechanical properties of acrylic polymer films and to
correlate their effect on film properties to drug release of
acetylsalicylic acid tablets as a model system.

MATERIALS AND METHODS

Materials

Poly(ethyl acrylate-co-methyl methacrylate-co-trimethyl
ammonioethyl methacrylate chloride) 1:2:0.1 (ERS), poly(-
ethyl acrylate-co-methyl methacrylate-co-trimethyl ammo-
nioethyl methacrylate chloride) 1:2:0.2 (ERL), poly(methyl
acrylate-co-methyl methacrylate-co-methacrylic acid) 7:3:1
(EFS), and PlasACRYL™ T20 (20% aqueous suspension,
containing GMS as antitacking agent, triethyl citrate as plas-
ticizer, and polysorbate 80 as stabilizer) were kindly donated
by Evonic Industries, Darmstadt, Germany. Triethyl citrate
PG/NF (TEC; Citroflex-2) was supplied by Vertellus, Perfor-
mance Materials Inc. NC, USA. Purified talc powder was
purchased from El Gomhouria Co. Cairo, Egypt. Capmul
GMS-50K was kindly donated by ABITEC Corporation. As-
pirin® tablets 325 mg were purchased from a Walgreens Phar-
macy in Albuquerque, NM, USA and were coated with the
EFS formulations. Additionally, Aspirin protect® 100 mg tab-
lets from BAYER (Cairo, Egypt) were purchased for compar-
ative dissolution testing. Concentrated hydrochloric acid was
from Pure, Adwic, Egypt, trisodium orthophosphate
(dodecahydrate) extra pure from Lobachemi, India, sodium
hydroxide flakes from Biotech for Laboratory Chemicals,
Egypt, and Teflon protective overlay (BytacType VF-81) from
Norton Performance Plastics Co., Akron, OH, USA.

Methods

Preparation of Coating Suspensions

Talc at concentrations of 25%, 50%, and 100% w/w,
based on dry polymer weight, was dispersed in water at room
temperature using a homogenizer. GMS at three different
concentrations (2%, 5%, and 10% w/w, based on dry polymer
weight) was dispersed in distilled water at 70°C (10°C above
its melting point (24)) using tissue aerator homogenizer for
10 min then left to cool down to room temperature. Pla-
SACRYL (10% and 20% w/w, based on dry polymer weight)
was dispersed in water at room temperature using a magnetic
stirrer for 10 min. The polymer dispersions were then added to
the antiadherent-water mixtures and stirred with a magnetic
stirrer. Next, the polymer dispersions were plasticized using
TEC (20% w/w based on dry polymer weight for ERL or ERS
polymers and 10% for EFS polymer as it has low T, and
produced very sticky films with higher TEC concentrations
(25)) for at least 1 h to ensure sufficient plasticization of the
polymer. TEC was used at decreasing concentrations upon
increasing PlasACRYL concentration in order to take account
for the TEC which is already present in the ready-to-use
PlasACRYL (control formula 0% PlasACRYL-20% TEC,
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10% PlasACRYL-15% TEC, and 20% PlasACRYL-10%
TEC formulae were used). Water was then added to the
dispersions to adjust the total solid content to 15% (w/w).
Composition of the prepared formulae is illustrated in Table I.

Cast Polymer Films

A modification of the conventional casting on glass or
Teflon was used to prepare the free films (26). A Teflon island
system was constructed of two Teflon pieces 12.0x12.0 cm?
surrounded by four Teflon edges each 1 cm in width attached
to a glass plate. The polymer dispersion was then cast across
the system to aid in the removal of the formed film and in
minimizing shrinking back after casting. The glass plates were
stored in a leveled preheated oven for 24 h at 40°C and 50%
relative humidity to allow for complete coalescence (27). The
drying temperature was set to 10°C above the polymer’s min-
imum film-forming temperature (28). Films were then careful-
ly removed from the Teflon surfaces after cutting the edges
with a scalpel.

Characterization of the Prepared Polymer Films
Mechanical Testing of the Films

The thickness of each film was measured at three differ-
ent locations (center and two ends) using a digital micrometer.
The mean value was calculated. Samples with a variation
coefficient of the mean thickness measurements greater than
10% were discarded.

The mechanical properties of the films were evaluated
using a Chatillon® DFGS50 digital force gauge and TCD200
motorized test stand. The tests were carried out with reference
to ASTM specifications D882-02 (ASTM, 2002). At least six
carefully inspected samples of each film were used. Each strip
was fixed into the flat-faced grips of the instrument, with an
initial length of 50 mm between the grips. The films were
pulled apart at a rate of 20 mm/min until the film strip broke.
Force and deflection values were recorded on a computer.
From the data, tensile strength (o) was calculated as stress at
break divided by the initial cross-sectional area of the sample.
Strain or elongation (&) was calculated as the increase in length
divided by the original length of the film times 100. Young’s
modulus (E) was calculated as the slope divided by (film
thickness x cross-head speed), and work of failure was deter-
mined as the area under the stress versus strain graph

Table I. Composition of the Prepared Polymer Films

Polymer Eudragit Eudragit Eudragit
RL30D RS30D FS30D
Antiadherent
Talc 25-100% 25-100% 25-100%
GMS 2-10% 5-10% 2-10%
PlasACRYL™ T20 10% 10-20% 10-20%
Plasticizer
Triethyl citrate 10-20% 10-20% 10%

Water was added in all formulations to reduce solids content to 15%.
All concentrations were calculated as percent w/w based on the dry
polymer weight
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multiplied by the cross-head speed (mm/s) divided by the
cross-sectional area of the film (22). An additional parameter,
the tensile strength/Young’s modulus ratio (o/E) was also
calculated as an indication of the crack resistance of the
films (29).

Thermal Analysis of the Films

Small discs were cut from the previously prepared sam-
ples using a paper punch then precisely weighed (10-15 mg) in
aluminum pans. The pans were then hermetically sealed and
subjected to differential scanning calorimetry (DSC) analysis
(TA Instruments model 2920, New Castle, DE). The instru-
ment was calibrated with indium. DSC thermograms were
recorded under nitrogen flow rate of 20 mL/min between a
temperature range of —20°C and 120°C. An empty pan was
used as a reference, and tests were done in triplicates. Ther-
mograms were analyzed, and the glass transition temperature
(T,) was recorded as the midpoint of the transition that
appeared in the total heat flow signal using TA Universal
Analysis software.

Loss on Drying

Film strips were precisely weighed and kept for 60 days at
50°C in an oven and weighed frequently until weight was
constant. Loss on drying (LOD) was then calculated as per-
centage from the total weight as follows:

%LOD = (initial weight—weight after drying) x 100

Tackiness Testing

In order to investigate the effect of the additives on the
tackiness of the polymer films, a T-peel test was used for
tackiness measurement (30). Two film strips were put congru-
ently on top of each other. At one end, double-sided Teflon
tape was placed between the two films. The films were stored
at 50% relative humidity and 40°C, under a 500-g weight for
3 h then cooled to room temperature (23+2°C) for 1 h at 52%
relative humidity.

A rigid tape was attached on the outer sides of the test
films in order to avoid elongation of the polymer film during
testing. The test specimens were placed with one end of each
polymer film in two clamps (width 2.5 cm) of the tensile
testing device. The upper clamp was raised at a speed of
20 mm/min. The force required to separate the two polymer
films was recorded. Three samples from each formulation
were tested.

Microscopic Examination

Prepared films were examined under a light microscope
for any defects or cracks. Images of the films containing the
highest concentration of each antiadherent were captured and
scanned into a computer for comparison.
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Statistical Analysis

Data of mechanical testing were compared statistically
using one-way analysis of variance (ANOVA). All mathemat-
ical calculations were undertaken with Microsoft Excel®
(2010).

Coating of Acetylsalicylic Acid Tablets

Uncoated acetylsalicylic acid tablets containing 325 mg of
the drug were coated in a conventional coating pan. A batch
size of 100 tablets was used, and tablets were collected to have
the same weight (£1.5%) by weighing each tablet on a digital
balance.

Prior to coating, the inner wall of the coating pan was
sprayed with the same coating suspension used for each batch.
Tablets were preheated for 10 min to reach a bed temperature
of 30°C. The coating dispersions were sprayed through a spray
nozzle of 0.55 mm diameter (31). The atomization pressure
was 1.8 bar, and the spray rate was 1 g/min. The spray gun was
positioned 30 cm from the tablet bed surface, and drying
temperature was adjusted to 10°C above the minimum film-
forming temperature. The pan rotational speed was set at
30 rpm.

Tablets were coated to a theoretical polymer weight gain
of 9 mg/cm?, with 20 tablets being withdrawn as samples at 3
and 6 mg/cm? coating levels (32).

Delayed release formulae (EFS formulae) were used for
coating so as to produce delayed release coated acetylsalicylic
acid tablets with different types and concentrations of antiad-
herents; these formulae were chosen for coating as most of the
coated tablets in the market are delayed release especially for
patients with gastric implications from immediate release tab-
lets (33). The coated tablets were then examined physically for
cracks, air bubbles, or fissures and cured in an oven at 40°C
for 24 h to allow coalescence of the film coating (34).

In Vitro Dissolution Studies

Calibration curves were constructed for the in vitro study
at each time point (in order to normalize dissolution data for
the unstable acetylsalicylic acid and to avoid error which may
result from drug degradation): two in 0.1 N HCI (for the acid
stage) and six in 0.1 N HCIL: 0.2 M Na3;PO, (3:1), pH 7.4 (for
the buffer stage) (35). Concentrations between 20 and
200 mcg/mL were prepared and measured spectrophotomet-
rically (UV Spectrophotometer, Model UV-1800, Shimadzu,
Japan) at wavelengths of 275 and 265 nm for the acid and the
buffer stage, respectively (33,36).

Drug release from film-coated tablets was conducted in
pH 1.2 (0.1 N HCI) for 2 h followed by pH 7.4 (phosphate
buffer) (36) using a USP paddle method (Dissolution Appa-
ratus, Model Vision Elite 8, Hanson, USA), operated at
100 rpm and 37°C. The change in pH was done in situ by the
addition of 250 mL 0.2 M tribasic sodium phosphate to 750 mL
0.1 N HCI. Five-milliliter samples were withdrawn and
replaced with fresh medium using an autosampler (Hanson
Vision Heater and Hanson Vision Auto-fill, USA) at prede-
termined intervals up to 8 h. Samples were then analyzed
spectrophotometrically. The average of three replicates for
each sampling point was calculated; dissolution efficiency
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(%DE) was calculated and compared for dissolution data
obtained each formula. Dissolution efficiency was calculated
as the area under the dissolution curve within a time range
(t1-t2) (37).

Assessment of the Similarity Factor Between Investigated
and Marketed Coated Acetylsalicylic Acid Tablets

Investigated coated tablets were compared to marketed
delayed release acetylsalicylic acid tablets (Aspirin protect®
100 mg) in order to determine which of the prepared formulae
will be closer to the marketed tablet release by calculating
similarity factor F2 according to the equation:

F =50-log

where n is the number of time points, Rt is the dissolution
value of the reference (formulation without antiadherents)
batch at time ¢, and Tt is the dissolution value of the test
formulations and a commercially available marketed product.
A calculated F2 value of between 50 and 100 indicated simi-
larity between the two dissolution profiles.

RESULTS

The effect of talc on the mechanical properties of the
investigated acrylic polymer films is shown in Fig. 1. From this
figure, it is apparent that increasing talc concentration led to
increasing tensile strength and Young’s modulus while de-
creasing both percentage strain at break and tensile strength
to Young’s modulus ratio.

Addition and increasing concentration of GMS was found
to decrease tensile strength of ERL and ERS polymer films
and increase percentage strain at break of ERL films while not
affecting that of ERS films. An increase in the Young’s mod-
ulus and a decrease in the tensile strength to Young’s modulus
ratio were also observed upon increasing the concentration of
GMS as shown in Fig. 2.

Figure 3 shows the effect of addition and increase in
PlasACRYL concentration which was an increase in film
Young’s modulus and a decrease in percentage strain at break
and tensile strength to Young’s modulus ratio of both ERL
and ERS films. Tensile strength of ERL films was increased
while that of ERS films was decreased upon the addition of
PlasACRYL.

Figure 4 shows the effect of increasing concentration of
the investigated antiadherents on the glass transition temper-
ature of the polymer films. As shown in the figure, increasing
antiadherent concentration led to an increase in the glass
transition temperature of the films.

Figures 5 and 6 show the effect of talc and GMS, respec-
tively, on the percentage loss on drying of the investigated
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polymer films which was found to be decreased upon increas-
ing antiadherent concentration.

Tackiness of the ERL films was taken as a model to
measure the effect of increasing talc concentration on the film
tackiness. As shown in Fig. 7, it is apparent that tackiness
decreases upon addition of talc in the formulation and reaches
its minimum concentration at 25% w/v (based on dry polymer
weight) and that increasing talc concentration more than 25%
w/v did not show further decrease in the film tackiness.

Microscopic examination of the surface of the prepared
polymer films (Fig. 8) reveals highest extent of defects with
GMS. In contrast, PlasACRYL showed less imperfections and
defects in the film appearance. Interestingly, talc showed the
most homogenous appearance and least imperfections.

In vitro dissolution testing profiles are shown in Fig. 9. As
shown in the figure, no drug release was observed in the acidic
medium in all formulations. At a coating level of 9 mg/cm?,
only about 25% of the drug was released at 8 h in the control
formulation (no antiadherent present). Lower coating levels
(3 and 6 mg/cm?) allowed for about 60% of the drug released
at 8 h. Similar results were found in the formulations contain-
ing antiadherents, although even less drug was released at the
highest coating level of 9 mg/cm?.

The effect of talc on release profile of acetylsalicylic acid
from tablets coated with EFS at different coating levels is
shown in Fig. 10. As shown in the figure, a delay in the drug
release was observed upon increasing talc concentration at all
coating levels.

The release profile of acetylsalicylic acid from marketed
enteric coated tablets, Aspirin protect® 100 mg, is shown in
Fig. 11. Results of the F2 test as a function of antiadherent and
coating level are shown in Table II.

DISCUSSION
Characterization of the Prepared Polymer Films

Mechanical Testing of the Films

A mechanically strong polymer film will be able not
only to resist mechanical damage during production and
storage but also to avoid dose dumping through cracks
which may occur in brittle polymer films (28,38). Four
different parameters were measured and calculated in or-
der to set a complete mechanical profile for the prepared
formulations: tensile strength, percentage strain at break,
Young’s modulus, and tensile strength to Young’s modulus
ratio, which gives an indication on strength, brittleness,
stiffness, and resistance of the film to mechanical stress.
As shown in Fig. 11, it is apparent that increasing con-
centration of talc in the films resulted in increased film
brittleness and stiffness and decreased film toughness,
irrespective of polymer type. These results were attributed
to the presence of talc as solid particles which reduce
polymer chain mobility due to steric hindrance (39). Par-
vin et al. (40) also found similar effects of talc on high-
density polyethylene polymer system. These results agree
also with what was reported by Gibson et al. (41) that talc
caused an increase in film brittleness and stiffness.

Unlike talc, the effect of GMS on the mechanical param-
eters of ERL and ERS was not consistent (Fig. 11). In ERL
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Fig. 1. Effect of talc concentration on a tensile strength (o), b strain at break (¢), ¢ Young’s modulus (E), and d tensile
strength/Young’s modulus ratio (¢/E) of Eudragit® RL30D, Eudragit® RS30D, and Eudragit® FS30D polymer films.
Asterisk: Significant difference (compared to 0% antiadherent of each film type at probability value of P<0.001) using
one-way analysis of variance (ANOVA)
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Fig. 2. Effect of glyceryl monostearate concentration on a tensile strength (o), b strain at break (¢), ¢ Young’s modulus (E),
and d tensile strength/Young’s modulus ratio (¢/E) of Eudragit® RL30D and Eudragit® RS30D polymer films. Significant
difference (compared to control at probability value of P<0.001 (asterisk) and at probability value of P<0.05 (number sign))
using one-way analysis of variance (ANOVA)
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Fig. 3. Effect of PlasACRYL™ T20 concentration on a tensile strength (), b strain at break (¢), ¢ Young’s modulus (E), and
d tensile strength/Young’s modulus ratio (¢/E) of Eudragit® RL30D and Eudragit® RS30D polymer films

films, a decrease in brittleness was observed with increas-
ing amounts of GMS, whereas brittleness did not signifi-
cantly change in ERS films. The difference in the degree
of hydrophobicity between both polymers, Eudragit®
RS30D > Eudragit® RL30D (42), may be responsible, as
blending of the hydrophobic GMS particles with ERS
polymer was better than that with ERL polymer because
of the relative hydrophilicity of the latter polymer. These
results are in agreement with findings previously reported
by Nimkulrat et al. (2) that GMS is dispersed well in the
polymer suspension because of its relative hydrophobicity.
Such difference between GMS and talc effects on some
parameters may be attributed to the difference in nature
between both antiadherents as GMS characterized by its
waxy nature (19). The rest of the parameters responded
in the same way to GMS and to talc which means that
GMS did not show much different effect than talc regard-
ing stiffness of the films.

PlasACRYL was found to increase film stiffness and
brittleness and to decrease toughness of both ERL and
ERS films and as a consequence the work required to
break those films. Tensile strength of ERL films was
increased, while that of ERS films was decreased upon
the addition of PlasACRYL as shown in Fig. 11. So,
comparing PlasACRYL against GMS as an antiadherent,
PlasACRYL was found to incorporate in the coating dis-
persion to a greater extent, likely due to the presence of
the surfactant polysorbate 80. This agrees with what was
reported by Gaur et al. (43) that polysorbate 80 increased
clarity of the GMS polymer dispersion.

In comparing the effects of antiadherents in the films, the
concentration and type of antiadherent added to the coating

formulation significantly changed the films from soft and
tough to hard, brittle talc films or hard, strong GMS or Pla-
sACRYL films.

Thermal Analysis of the Films

The glass transition temperature (7,) is considered to be
one of the most important properties determined for amor-
phous polymers (44). It is the temperature at which the me-
chanical properties of a polymer change from a brittle to a
rubber state. Glass transition temperature gives an indication
of changes in physical and chemical properties of the film-
forming polymers and also on any potential incompatibility
between the polymers and other additives in the dispersion.
The effect of the investigated antiadherents on the T, of the
acrylic polymer films is shown in Fig. 11. Increasing antiadher-
ent concentration led to significant increases in the 7,, of ERL
and ERS polymer films, as previously reported by Steward
et al. (28), which indicates restrictions in the polymer chain
mobility and decreasing elasticity of the polymer films and
increasing internal stress of the films (22).

Loss on Drying

Water content of the films was measured through loss on
drying experiment, and the percentage loss on drying
(%LOD) was calculated which may give an indication on
in vivo release (an increase in residual water in the coating
film indicates an increase in the water influx into the tablet
and drug diffusion from the tablet as a consequence) (45).
Increasing the concentration of talc and GMS in ERL and
ERS films resulted in a decrease in the %LOD of the
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Fig. 7. Effect of talc on the tackiness of ERL polymer films. Asterisk:
One-way analysis of variance (ANOVA) was used for statistical anal-
ysis to determine the significant difference from control films at a
probability value of P<0.001)

prepared polymer films (Fig. 11). So, films with higher levels
of talc have less residual water, and these findings were attrib-
uted to the hydrophobic nature of the antiadherent that de-
crease was more significant with ERS which will as a
consequence affect mechanical parameters of the films as
water acts as a plasticizer (46-48).

Tackiness Testing

Eudragit RL30D-talc films were used as a model for
testing tackiness as talc is the most commonly used anti-
adherent in coating formulations. In addition, the ERL
was selected as the model acrylic polymer because of its
reduced tackiness compared to ERS, and EFS as T-peel
testing of films with a high degree of tackiness may result
in failure of the test. Figure 11 demonstrates that talc at
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Fig. 9. Effect of coating level on the release profile of acetylsalicylic
acid from tablets coated with EFS, 0% talc

25% (w/w) concentration decreased significantly the tack-
iness of the films and that higher talc concentrations did
not result in further decrease in tackiness of the films.

Microscopic Examination

Microscopic examination of the film was conducted to
detect any abnormalities or defects. The morphology of
the films showed significant changes in appearance, and
from these micrographs, it can be concluded that the
addition of antiadherents highly affects the apparent sur-
face morphology of the films (Fig. 11). GMS showed the
highest extent of defects. In contrast, Tween 80 in the
PlasACRYL formula better homogenized the GMS in
the polymer films, as evidenced by less imperfections
and defects in the film appearance. Interestingly, talc
showed the most homogenous appearance and least
imperfections. This might be attributed to the size of the
used talc particles (micronized talc) which would disperse
better in the polymer dispersion.

Fig. 8. Microscopic photographs (x40) of the ERL polymer films: a 0% antiadherent, b
100% talc, ¢ 10% glyceryl monostearate, and d 20% PlasACRYL
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Fig. 10. Effect of talc on release profile of acetylsalicylic acid from

tablets coated with EFS at a 3 mg/cm?, b 6 mg/cm?, and ¢ 9 mg/cm?
coating levels

Assessment of the Effect of Antiadherents on the Release Profile
of Acetylsalicylic Acid Tablets

In Vitro Release Profile of Acetylsalicylic Acid Delayed
Release Tablets. Nine coating formulae were prepared using
EFS as a delayed release model polymer, one control formula
without antiadherent, while the other eight formulae covered
the three investigated antiadherents; at the same concentra-
tions used in the free film characterization studies: talc (0-
100%), GMS (2-10%), and PlasACRYL (10-20%). All three
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Fig. 11. Release profile of acetylsalicylic acid from marketed enteric
coated tablets Aspirin protect® 100 mg

coating levels investigated with talc prevented drug release in
the acidic medium. At the highest coating level, only about
25% of the drug was released at 8 h in the control formulation
(no antiadherent present). Lower coating levels (3 and 6 mg/
cm?) allowed for about 60% of the drug released at 8 h.
Similar results were found in the formulations containing
antiadherents, although even less drug was released at the
highest coating level of 9 mg/cm?®. These results indicate that
enteric protection can be achieved at a minimum coating
thickness of 3 mg/cm?. The study suggests making use of the
high delay in the drug release upon increasing coating level by
using those high coating levels to achieve sustained delayed
release formula. Increasing antiadherent concentration
showed delay in the drug release especially at the highest
coating level.

Assessment of the Similarity Factor Between Prepared
and Marketed Coated Acetylsalicylic Acid Tablets

Dissolution results from the current study were compared
to a commercially available product using the F2 similarity
test. The highest similarity was obtained at 6 mg/cm? coating
level with the talc formulae which ranged from 48% to 58%
and at 3 mg/cm® coating level with GMS and PlasACRYL
formulae which ranged from 43% to 57%, while 9 mg/cm2
coating level showed the lowest F2 values.

Table II. Similarity Factor (F2) Values of Each of the Investigated
Formulae with Marketed Coated Tablets

Formula Coating level (mg/cm)?
3 6 9

0% antiadherent 28.590 48.696 11.651
25% talc 42.308 45.373 5.006
50% talc 17.194 58.587 4.637
100% talc 25.284 54.502 4.755
2% GMS 44.837 42.856 5.227
5% GMS 54.045 44.208 5.305
10% GMS 43.654 38.425 5.278
10% PlasACRYL 57.982 46.815 21.362
20% PlasACRYL 42.316 50.016 18.250




Effect of Antiadherents on the Physical and Drug Release

Conclusion

Although they are often important additives in the coat-
ing formulations, antiadherents may have dramatic effects on
the physical characteristics and drug release properties of
coated products. The current study showed that ERL, ERS,
and EFS films were affected mechanically and thermally by
the addition of talc, GMS, or PlasACRYL. Talc increased
internal stress, stiffness, and brittleness while decreased the
ability of the films to resist mechanical stress. GMS and Pla-
SACRYL did not affect mechanical stress resistance of the
films negatively as much as talc especially regarding film
brittleness. GMS showed better combination with ERS re-
garding film brittleness and with ERL regarding film strength.
Increasing antiadherent concentration caused a decrease in
polymer mobility which was proven by a decrease in the
elongation at break values and an increase in T,. Talc at 5%
wlw concentration showed the least significant effect on me-
chanical properties. Upon comparing the effect of Pla-
sACRYL to that of GMS on mechanical properties or on
release profiles, it was found that it showed less negative
effects which makes it a very good alternative for GMS. The
obtained results reveal the existence of an evident relationship
between the mechanical, thermal, and adhesive properties of
the acrylic polymer films. Increasing antiadherent concentra-
tion especially at the highest coating level may be used in
tailoring drug release in a delayed sustained release formulae
instead of the conventional delayed release profile.
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