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Purpose. Eudragit RL and RS 30D are pseudolatexes frequently used
in the coating of solid dosage forms. They are based on cationic
copolymers stabilized with quaternary ammonium groups (poly(eth-
ylacrylate-methylmethacrylate-trimethylammonioethyl methacry-
late chloride). A pH-independent drug release is expected because
of the quaternary nature of the cationic groups. The objective was to
explain a distinct ‘‘pH-dependent’ drug release in various buffer
media with coated diltiazem beads.

Methods. The diltiazem HCI release from and water uptake of
Eudragit RS/RL-coated beads was determined in various buffers of
different buffer species, pH or concentration.

Results. The drug release in the different buffer media was in the
following order: pH 5.0 acetate > pH 3.5 formate > pH 7.4 phos-
phate buffer > 0.1M HCI). This *‘pH-dependent’’ drug release could
be explained with an anion exchange process; the chloride coun-
terions of the quaternary groups were exchanged with the anionic
buffer species during the dissolution study. The water uptake of the
coated beads correlated well with the drug release from the beads.
Increasing the buffer strength (acetate buffer) first increased and
then decreased the drug release, while increasing the ionic strength
of different buffers with NaCl decreased the drug release and elim-
inated the observed buffer effects because of the excess of chloride
ions.

Conclusions. The anionic buffer species and not the pH had a sig-
nificant effect on the hydration and hence on the drug release from
beads coated with the cationic polymers, Eudragit RS and RL.

KEY WORDS: beads; buffer species; coating; drug release; latex;
Eudragit RS 30D.

INTRODUCTION

Acrylic, water-insoluble polymers have been used ex-
tensively to develop oral controlled release drug delivery
systems in the form of coated particles, beads or tablets
(1-3). These polymers are applied either in the form of or-
ganic solutions or as aqueous colloidal dispersions. Eudragit
RL and RS 30D are pseudolatexes of poly(ethylacrylate-

! Institut fiir Pharmazie, Freie Universitéit Berlin, Berlin, Germany.

2 College of Pharmacy, The University of Texas at Austin, Austin,
Texas 78712.

3 Cima Labs, Inc., Minneapolis, Minnesota 55428.

4 Marion Merrell Dow Inc., Kansas City, Missouri 64134,

5 To whom correspondence should be addressed at Institut fiir Phar-
mazie, Freie Universitiat Berlin Kelchstr. 31, 12169 Berlin, Ger-
many.

0724-8741/96/0100-0052$09.50/0 © 1996 Plenum Publishing Corporation

Report

methylmethacrylate-trimethylammonioethyl methacrylate
chloride) copolymers with ratios of 1:2:0.2 and 1:2:0.1 with a
polymer content of 30% w/v. The colloidal polymer particles
are stabilized in water by the positively charged quaternary
ammonium groups present in the polymer. These quaternary
ammonium groups are in the chloride salt form. Films or
coatings prepared from Eudragit RS or RL 30D are insoluble
in aqueous media over the physiological pH-range, however,
they swell and hydrate and are permeable to drugs because
of the presence of the ionized quaternary ammonium groups.

The permeability of these films and the drug release
from coated dosage forms has been described to be pH-
independent (4,5). Due to the quaternary groups, the degree
of ionization of the polymer should not be affected by pH
within the physiological pH range. In this study, surprisingly,
a pH-dependent drug release was observed from diltiazem
HCI beads coated with Eudragit RS/RL 30D. The solubility
of diltiazem HCIl was fairly independent of the pH in the
investigated pH-range and was not responsible for the ob-
served pH-dependency. The ‘‘pH-dependent’’ release was
therefore caused by the polymeric coating.

In a preliminary study, it was shown that the aqueous
buffer medium had a significant influence on the hydration
and the time-dependent wet mechanical properties of poly-
meric films prepared from Eudragit RS 30D (6). It was sug-
gested, that the anionic buffer species replaced the chloride-
counterions of the quaternary ammonium groups of the poly-
mer during the hydration study and therefore affected the
rate and extent of hydration.

The objective of this study was to explain the observed
‘“‘pH-dependent’’ drug release from beads coated with the
cationic polymers, Eudragit RS/RL. The effect of pH, buffer
species, buffer strength and ionic strength on the drug re-
lease from the coated beads and the relationship between
polymer hydration and drug release were investigated.

MATERIALS AND METHODS

Materials

The following chemicals were obtained from commer-
cial suppliers and used as received: Eudragit RL and RS 30D
[poly(ethylacrylate-methylmethacrylate-trimethylammonio-
ethyl methacrylate chloride) copolymers with ratios of 1:2:
0.2 and 1:2:0.1] (R6hm, Darmstadt, Germany); acetyl tribu-
tyl citrate (ATBC) (Morflex, Inc., Greensboro, North Caro-
lina); sodium phosphate, dibasic; potassium phosphate,
monobasic; hydrochloric acid and citric acid, anhydrous
(Fisher, Fair Lawn, New Jersey); sodium hydroxide and for-
mic acid, 90% (J.T. Baker, Phillipsburg, NJ); acetic acid,
glacial (Mallinckrodt, Paris, Kentucky). Diltiazem HCI pow-
der and diltiazem HCI coated beads were obtained from
Marion Merrell Dow (Kansas City, Missouri).

Dissolution and Hydration Media

The following aqueous dissolution media were used: pH
1.0 (0.1 M HCI), pH 3.5 (formic acid-NaOH), pH 5.0 (acetic
acid-NaQOH) and pH 7.4 (sodium phosphate, dibasic - potas-
sium phosphate, monobasic). The ionic strength of the four
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buffers was kept the same by adding calculated amounts
of buffer species (7). The Mcllvaines’ buffer (citric acid -
sodium phosphate, dibasic) was selected to cover a wide
pH-range with the same buffer species; the total ionic
strength of the buffered solution was adjusted to 0.5 M with
NaCl.

Solubility of Diltiazem HCI

Excess amount of diltiazem HCI was placed in the de-
sired buffer medium. The samples were shaken for 48 hours
at 37 °C. The saturated drug solutions were filtered and then
assayed spectrophotometrically at 236 nm after appropriate
dilution (n=3). The final pH of the saturated solution was
recorded. The drug solubilities were similar in pH 3.5 for-
mate buffer (652 mg/ml, final pH = 3.46), pH 5.0 acetate
buffer (678 mg/ml, final pH = 4.87) and pH 7.4 phosphate
buffer (634 mg/ml, final pH = 5.82); the drug solubility in
0.1M HCl was 588 mg/ml. The lower drug solubility in 0.1M
HCI solution was probably caused by the common ion effect
of the chloride-ion (8).

Dissolution Studies

The USP XXI rotating paddle method (0.2 g beads,
37 °C, 50 rpm, 900 m! medium, n=3, coefficient of variation
<5%, dissolution apparatus from Hanson Research Corp.,
Northridge, California) was used to investigate the drug re-
lease from beads coated with Eudragit RS/RL 30D. At pre-
determined time intervals, samples (2 ml) were withdrawn
and replaced with fresh medium. The drug solution was as-
sayed spectrophotometrically either directly or after dilution
with the release medium at 236 nm. The residual drug con-
tent of the beads after the dissolution study was determined
spectrophotometrically after completely crushing the beads
with a glass rod. The amount of drug released and the resid-
ual drug content in the beads matched the original drug con-
tent closely (99.6-104.4%). The release rate and lag time
were obtained by a linear regression method from the linear
part of the release curve.

Water Uptake of the Coated Beads

At predetermined time intervals, beads (approximately
1 g, accurately weighed) were taken from the release me-
dium with a 60 mesh sieve (the conditions for the water
uptake studies were the same as with the dissolution study).
The beads were immediately washed twice with distilled wa-
ter (100 ml) in order to remove the buffer solution from the
surface of the beads and were then blotted with lint-free
tissue paper. The weight of the beads was recorded before
and after drying to constant weight in an oven at 50 °C. The
water uptake was calculated as follows: water uptake = W(t)
- W (d) / W(d), where W(t) is the weight of the wet beads
removed at time t and W(d) is the weight of the beads after
drying at time t. The water uptake data are represented as g
water / g bead (n=3, coefficient of variation <6%).

RESULTS AND DISCUSSION

In this study, the unexpected ‘‘pH-dependent’’ drug re-
lease from diltiazem HCl beads coated with the acrylic poly-
mer dispersions, Eudragit RS and RL 30D, was investigated.

Although the drug release has been described to be pH-
independent (4, 5), a distinct pH-dependency of the diltia-
zem HCl release from coated beads was observed (Figure 1).
The drug release was determined in media of different pH
and of different buffer species (pH 1.0 - hydrochloric acid,
pH 3.5 - formic acid-NaOH, pH 5.0 -acetic acid-NaOH and
pH 7.4 -sodium phosphate, dibasic-potassium phosphate,
monobasic) at a buffer strength of 0.1 M.

The solubility of diltiazem HCI was fairly independent
of the pH and could be excluded as the reason for the pH-
dependent drug release. The pH-dependent release was
therefore caused by the cationic polymeric coating. The drug
release profiles had a sigmoidal shape with three phases. A
lag phase with little drug release was followed by a rapid,
linear release phase followed again by a slow release phase.
Especially the extent of the lag time and the rapid release
phase were strongly affected by the buffer medium. The drug
release was fastest and the lag time shortest with acetate
buffer (pH 5.0) followed by formate buffer (pH 3.5), phos-
phate buffer (pH 7.4) and hydrochloric acid (pH 1.0).

In order to explain the observed ‘‘pH-dependent’ drug
release behaviour, emphasis should be shifted from pH-
considerations to the influence of the anionic buffer species
present in the dissolution media. An ion exchange mecha-
nism can be used to explain the drug release from the coated
beads. Eudragit RS and RL contain 33 and 66 mole of qua-
ternary ammonium groups per mole of polymer (9). The dis-
sociation of these quaternary ammonium groups in aqueous
media is responsible for the hydration and swelling of the
polymer coating or films. The anionic counterions of the
quaternary ammonium groups are chloride ions. With ion
exchange resins, ions are bound to an insoluble crosslinked
polymer resin carrying oppositely charged functional groups
such as quaternary ammonium groups. The affinity of ions to
ion exchange resins is characterized by the ion selectivity
coefficient. Accordingly, the degree of hydration and swell-
ing of the resins is affected by this interaction (10, 11). Ap-
plying this concept to the present study, the chloride coun-
terions of the quaternary ammonium groups in Eudragit RS/
RL could be replaced by the buffer anions of the dissolution
medium during dissolution studies. The degree of hydration
and swelling and subsequently the drug release was gov-
erned by the interaction between the cationic groups and the
counterions.
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Fig. 1. Effect of different buffers (0.1 M) on the diltiazem HCI re-

lease from Eudragit RS/RL 30D coated beads (pH 1.0 - hydrochloric

acid; pH 3.5 - formate buffer; pH 5.0 - acetate buffer; pH 7.4 -

phosphate buffer).
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Fig. 2. Effect of different buffers (0.1 M) on the water uptake of
Eudragit RS/RL 30D coated beads (pH 1.0 - hydrochloric acid; pH

3.5 - formate buffer; pH 5.0 - acetate buffer; pH 7.4 - phosphate
buffer).

The selectivity coefficients of the buffer anions for anion
exchangers are in the following order: chloride > formate >
acetate (10, 11). A larger selectivity coefficient indicates a
stronger interaction between the fixed groups and the coun-
terions and therefore a lesser degree of hydration or swell-
ing; a slower drug release is expected. The order of the se-
lectivity coefficients agreed with the results shown in Figure
1; the order in the drug release (acetate > formate > chlo-
ride) was inverse to the order of the selectivity coefficients.

The diffusion of the dissolution medium through and the
hydration of the cationic, acrylic polymer coating precedes
the drug release through the hydrated polymer film. In order
to characterize this hydration phase as a function of pH
(buffer species), the water uptake of the beads as a function
of time was determined. As shown in Figure 2, the water
uptake correlated well with the drug release. The water up-
take (swelling) of the Eudragit RS/RL coatings was also in
the reverse order of the selectivity coefficients.

The diltiazem HCI release profile and two parameters
characterizing the release curve, the release rate and the lag
time, as a function of buffer strength (0.01 - 0.5 M, pH 5.0
acetate buffer) are shown in Figures 3 and 4. The drug re-
lease rate initially increased with increasing buffer strength
and then decreased at higher buffer strength; as expected,
the opposite pattern was observed with the lag time. A pos-
sible explanation could be as follows. At low buffer strength
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Fig. 3. Effect of buffer strength (pH 5.0 acetate buffer) on the dil-
tiazem HCl release from Eudragit RS/RL 30D coated beads.
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Fig. 4. Effect of buffer strength (pH 5.0 acetate buffer) on the re-

lease rate and lag time of the diltiazem HCI release from Eudragit
RS/RL 30D coated beads. A: release rate, B: lag time.

(0.01 M), not enough acetate ions were present to replace the
original chloride ions. The degree of hydration was therefore
governed primarily by the chloride salt form of the polymer,
thus explaining the slower drug release. Increasing the ace-
tate concentration resulted in the exchange of the chloride
with the acetate ions and therefore in a faster drug release
and shorter lag times. The reduction in drug release at high
buffer strength could be explained with the high osmotic
pressure of the dissolution medium. Again, the water uptake
and the rate of water uptake correlated well with the release
data (Figures 5 and 6).

Sodium chloride is often added to adjust the ionic
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Fig. 5. Effect of buffer strength (pH 5.0 acetate buffer) on the water
uptake of diltiazem HCl beads coated with Eudragit RS/RL 30D.
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Fig. 6. Effect of buffer strength (pH 5.0 acetate buffer) on the water
uptake rate of diltiazem HCI beads coated with Eudragit RS/RL
30D.

strength of different buffer media to the same value. The
influence of the addition of NaCl (0.1, 0.4, 0.9 M) to three
buffers of the same buffer strength (0.1 M; pH 1.0 - hydro-
chloric acid, pH 3.5 formate buffer, pH 7.4 - phosphate
buffer) was investigated (Figure 7). Without NaCl-addition,
the drug release in pH 3.5 buffer was much faster than in pH
1 or pH 7.4 buffers (Figure 7A). However, upon adding
NaCl, the differences in the drug release patterns disap-
peared and the release curves for the three media were al-
most identical (Figure 7 B-D). The additional chloride coun-
terions in the medium ‘‘overpowered’’ the acetate ions and
controlled the hydration and hence the drug release from the
beads. As expected the drug release decreased with increas-
ing ionic strength of the dissolution medium. This could be
attributed to the lower solubility of the drug (8) and to the
higher osmotic pressure of the dissolution medium which
decreased the water uptake of the polymer.

The drug release from the coated beads was then tested

R
< —O— pH35
2 —=— pH74
« —O0— pH1.0
o
e
o
3
2
a
,
32
R
g —0— pH35
@ —=— pH7.4
Q@ H 1.
@ pH1.0
e
o
=2
-
a

16
Time, h

24

32

55

1007 A
® 8o+
k-1
& 60
3
o —O— pH74
= 407 —®— pH50
g’ —0— pH35
&8 204

0

0 12 24 36
Time, h

1007 g
® g0
k-1
[}
& 60
% —0— pH74
-~ 40 —®— pHS5.0
o —®— pH35
2
a 201

04

0 12 24 36
Time, h

Fig. 8. Effect of pH on the diltiazem HCI release from Eudragit
RS/RL 30D coated beads in Mcllvaine’s buffer. A: at different ionic
strength: pH 3.5 - 0=0.13; pH 5.0 - p=0.25; pH 7.4 - n.=0.46, B:
same ionic strength, adjusted to 0.5 M by adding NaCl.

in buffers having different pH values but containing the same
buffer species (citrate-phosphate) in varying ratios (Mcll-
vaine’s buffer) (Figure 8). The ionic strength of the buffer
system at different pH values (pH 3.5, pH 5.0 and pH 7.4),
however, was different. The drug release patterns were al-
most superimposible in buffers having the same type of
buffer species but different ionic strengths (0.13 M for pH
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Fig. 7. Effect of NaCl addition to buffers of different pH (0.1M) on the diltiazem HCI release
from Eudragit RS/RL 30D coated beads. A: no NaCl, B: 0.1 M NaCl, C: 0.4 M NaCl, D: 0.9 M

NaCl.
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3.5, 0.25 for pH 5.0 and 0.46 for pH 7.4) (Figure 8 A). In
contrast, differences in drug release were observed after ad-
justing the buffers to the same ionic strength (. =0.5 M) with
NaCl (26) (Figure 8 B). The drug release was fastest in pH
7.4, followed by pH 5.0 and then pH 3.5, this order being
opposite to the amount of NaCl added to adjust to the same
ionic strength. As explained above, increasing the amount of
NaCl decreased the hydration of the polymeric film and the
drug solubility and therefore the drug release.

In conclusion, the anionic buffer species and not the pH
had a significant effect on the hydration and hence on the
drug release from beads coated with the cationic polymers,
Eudragit RS and RL. The buffer-dependent release data
could be explained with the ion exchange of the chloride
counterions of the polymer with the anionic buffer species
during dissolution studies.
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