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Abstract

A series of poly(ethyl acrylate (EA)/methyl methacrylate (MMA)/2-hydroxyethyl methacrylate (HEMA)) lattices were synthesized to prepare
short-term delayed-release microcapsules by employing the Wurster coating process. Latex with a HEMA molar fraction exceeding 60% could
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ot be synthesized as an aqueous suspension due to latex particle precipitation. The effects of monomer composition on the particle
nd the water-uptake and glass transition temperature (Tg) of cast films were investigated. Lattices whoseTg ranged from 40 to 80◦C were used t
repare the microcapsules. Most of the lattices exhibited excellent process performance while coating particles that were smaller than�m: the
roduct yields were 85.1–90.6% and the mean particle sizes were 82–85�m. However, since the lattices with high molar ratios of EA and HE
ere highly hydrophilic and strongly adhesive, the core particles in the coating were severely agglomerated. The microcapsules coateds
hose HEMA molar fractions were higher than 50% were unable to retard the release of carbazochrome sodium sulfonate, a water-so
rug, during the initial 0.5 min. Poly(EA/MMA/HEMA) with a molar ratio of 9:9:10 appeared to be suitable for the preparation of sho
elayed-release microcapsules by the Wurster coating process.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Due to the pioneering works by Pechmann and Röhm in the
ate 1930s, the industrial use of acrylic polymers has gained
opularity (Diggen et al., 1997). Acrylic polymers can be syn-

hesized using different combinations of monomers to achieve
istinctive properties. The acrylic polymers such as Eudragit®

nd Carbopol® are currently being used worldwide in the phar-
aceutical industry to control drug release, repel moisture, and
evelop special drug delivery systems.

Fukumori et al. (1988)andIchikawa et al. (1993, 1994)devel-
ped poly(ethyl acrylate (EA)/methyl methacrylate (MMA)/2-
ydroxyethyl methacrylate (HEMA)) lattices to coat fine par-

icles by using a fluidized bed (the Wurster process) in order
o produce controlled-release microcapsules with an average

∗ Corresponding author. Tel.: + 81 78 974 4542; fax: +81 78 974 4542.
E-mail address: fukumori@pharm.kobegakuin.ac.jp (Y. Fukumori).

size smaller than 100�m. Generally, the monomeric units
methacrylic derivatives contribute to the rigid, hard, and br
nature of the polymers, while those of the acrylic derivat
contribute to their softness and flexibility (Diggen et al., 1997).
The introduction of HEMA, which is a freely water-solub
monomer, into the polymers enhanced the water permeabi
cast films due to the hydroxyl part of HEMA (Fukumori, 1994).
By using poly(EA/MMA/HEMA) as the coating materials, ev
particles as fine as 32–44�m could be discretely coated w
a slight agglomeration of the core particles. Such small-s
microcapsules would be highly advantageous in the prepa
of special formulations such as suspensions, rapidly dis
grating tablets that do not cause a gritty sensation during
administration (Shah and Chafetz, 1994; Shen, 1996; Ichik
et al., 1997), and drug-targeting delivery systems (Kumar, 2000
Dai et al., 2005).

In this paper, we aimed to utilize the advantages
poly(EA/MMA/HEMA) in fine particle coating technology
produce fine microcapsules with short-term delayed-re

378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2005.10.020
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characteristics by employing the Wurster process. The mean
diameter of the microcapsules was required to be smaller than
100�m and the drug release was required to be as slow as possi-
ble in the initial short time (0.5 min) and as fast as possible after
the short delay. These microcapsules could have potential appli-
cations in the formulations to mask any unpleasant taste. We
synthesized a series of hydrophilic poly(EA/MMA/HEMA) lat-
tices and investigated the characteristics of polymers including
the latex particle size and the water-uptake and glass transition
temperature (Tg) of the polymer films, which would affect the
coating operation and drug release from the microcapsules. Car-
bazochrome sodium sulfonate (CCSS), a highly water-soluble
drug, was selected as the model drug.

2. Materials and methods

2.1. Materials

The monomers, ethyl acrylate (EA), methyl methacrylate
(MMA), and 2-hydroxyethyl methacrylate (HEMA), were used
as purchased (Nakarai Tesque, Japan). Sodium dodecyl sulfate
(SDS; Wako Junyaku, Japan) and ammonium peroxodisulfate
(APS; Nakarai Tesque, Japan) were used as an emulsifier and a
reaction initiator, respectively, in emulsion polymerization.

Lactose (DMV 200) was used as the core material after
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was used as a sieving aid for particle size analysis and as
an antiadherent for curing the microcapsules by heating. All
the materials were used as purchased or supplied without any
purification.

2.2. Synthesis of lattices

The acrylic polymer lattices were synthesized by emulsion
polymerization as previously reported byFukumori et al. (1988).
A monomer mixture of 100 g was used for each polymerization
reaction. A part – 34.6 g – of the monomer mixture was poured
into distilled water (300 g) containing SDS (0.92 g) and emul-
sified using a homomixer (4C; Tokushu Kika Kogyo Co. Ltd.,
Japan). The emulsion was maintained at 80◦C in the presence
of nitrogen gas, and 0.25 ml of the APS solution (1 g/25 ml) was
introduced to initiate the polymerization. The remainder of the
monomer mixture was slowly dropped into the reactor over a
period of 1 h. The reaction was continued further for 2 h. Dur-
ing the 3 h reaction, 0.25 ml of APS was added every 30 min.
After the reaction was completed, the latex was filtered through
a stainless steel sieve (53�m). The precipitates of latex particles
on the sieve were collected and dried for 24–48 h at 80◦C and
then for 3 h at 120◦C. The dried precipitates of the latex par-
ticles were accurately weighed to evaluate the production loss.
The formulations of the synthesized lattices are listed inTable 1.
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t was fractionated to 63–75�m particles by sieving. CCS
Kanebo Ltd., Japan) was selected as a water-soluble m
rug. Methylcellulose (Metolose; SM-4, Shinetsu Chemical
td., Japan) was selected as a binder for drug layering. A
rous silica (Aerosil 200; Nippon Aerosil Co. Ltd., Jap

able 1
ynthesis and characteristics of poly(EA/MMA/HEMA) lattices

atch no. Polymeric latex composition

EA:MMA:HEMA (molar ratio) X1
a X2

a

1 6:12:10 0.214 0.429
2 6:12:14 0.188 0.375
3 6:12:18 0.167 0.333
4 6:12:22 0.150 0.300
5 6:12:27 0.133 0.267
6 9:9:10 0.321 0.321
7 9:914 0.281 0.281
8 9:9:18 0.250 0.250
9 9:9:22 0.225 0.225
0 10.8:7.2:10 0.386 0.257
1 10.8:7.2:14 0.338 0.225
2 10.8:7.2:18 0.300 0.200
3 10.8:7.2:22 0.270 0.180
4 12:6:10 0.429 0.214
5 12:6:14 0.375 0.188
6 12:6:18 0.333 0.167
7 12:6:22 0.300 0.150
8 14:4:10 0.500 0.143
9 14:4:14 0.438 0.125
0 14:4:18 0.389 0.111
1 14:4:22 0.350 0.100
2 14:4:27 0.311 0.089
a X1, X2, andX3 represent the molar fractions of EA, MMA, and HEMA in the
el

-

In order to remove the residual monomers and water-so
mpurities, all the lattices prepared were dialyzed in dist
ater for 5 days using a cellulose tube (UC 1-7/8; Sanko Jun
o. Ltd., Japan). The water was replaced with fresh water a

ntervals.

Loss as precipitates (w/w, %) Particle size (�m) Tg (◦C)

.357 1.34 0.0684 81.4

.438 1.77 0.0839 85.8

.500 1.00 0.1631 89.0

.550 1.82 0.2028 90.1

.600 5.97 0.2571 92.0
357 1.43 0.0834 64.9
438 0.97 0.1417 69.8
500 1.43 0.2761 76.2
550 2.07 0.2896 81.5
.357 0.63 0.0780 49.
.438 0.83 0.0835 57.
.500 2.11 0.3083 68.
.550 2.50 0.3109 72.
.357 1.60 0.0891 41.4
.438 0.86 0.1084 50.9
.500 1.30 0.2009 64.0
.550 2.53 0.2697 71.2
.357 1.84 0.0864 33.5
.438 0.85 0.1248 42.9
.500 1.13 0.2163 53.2
.550 1.89 0.2256 60.6
.600 3.23 0.2831 66.1
latex composition, respectively;X1 + X2 + X3 = 1.
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2.3. Latex particle size analysis

The mean particle diameter of the latex particles was mea-
sured at 25◦C using a Horiba LB-500 dynamic light scattering
particle size analyzer (Horiba, Japan).

2.4. Preparation of polymer films

Approximately 3 g of the polymer latex suspensions (10%,
w/w) were poured in a shallow dish (2.5 cm× 2.5 cm) and heated
at 80◦C in an oven for 48 h to form transparent films. Prior to
the water-uptake study, the films were cut into 2 cm× 1 cm strips
and stored in a desiccator at 75% RH at 25◦C or in a vacuum
desiccator for 3 weeks for measuringTg.

2.5. Glass transition temperature (Tg) of polymers

We used a differential scanning calorimeter (DSC-50; Shi-
madzu, Japan) equipped with a refrigerated cooling accessory
and thermal analysis data station. A 7–10 mg sample stored in
the vacuum desiccator prior to the analysis was hermetically
sealed in an aluminum pan. The samples were preheated up
to 140◦C under dry nitrogen purge at 20◦C/min and rapidly
cooled to approximately 0◦C using liquid nitrogen. They were
reheated to 140◦C at 5◦C/min using an empty aluminum pan
f lt-
i t an
e ecific
h

2.6. Water-uptake study

Water-uptake studies were performed by employing the equi-
librium weight gain method. The film strips were accurately
weighed and soaked in distilled water at 25◦C. The films were
blotted with tissue paper to remove excess water, and reweighed
at predetermined intervals (1, 3, 5, 10, 15, 20, 30, and 60 min)
in triplicate measurements. The percentage of water uptake was
calculated using Eq.(1):

water uptake (%)= (Wt − W0)/W0 × 100 (1)

whereW0 represents the initial weight andWt represents the
weight of the film at timet.

2.7. Preparation of microcapsules

A fluidized bed coater with a draft tube (Wurster insert;
Grow Max 140, Fuji Paudal Co. Ltd., Japan) was used. The
processing parameters were: batch size, 25 g; inlet air tem-
perature, 40–60◦C; outlet air temperature, 29–33◦C; air flow
rate, 0.07–0.25 m3/min; spray rate, 0.7–2.0 ml/min; atomizing
air pressure, 2.3 bar; and spray nozzle diameter, 1.0 mm. The
detailed formulations, operating conditions, and coating perfor-
mance for typical cases are listed inTable 2.
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able 2
ypical formulations, operating conditions, and performance during the p

Drug layering Coatings (EA:MMA:HEMA)

6:12:10 6:12:14 9:9

ormulation
Core: lactose (63–75�m)

(g)
250 25a 25a 25a

Carbazochrome sodium
sulfonate (g)

25

Methylcellulose (SM-4) (g) 5
Latex suspension (dry

weight) (g)
12.5 12.5 12

Water ad ad ad ad
Total (ml) 300 125 125 125

perating conditions
Inlet air temperature (◦C) 60 60 60 50
Outlet air temperature (◦C) 33 30 31 30
Inlet air flow rate (m3/min) 0.07 0.14 0.14 0
Liquid flow rate (ml/min) 1.5–2.0 0.8–1.3 0.8–1.2
Spray air flow rate (l/min) 51 50 51 5
Spray pressure (atm) 2.3 2.3 2.3

roducts
Yield (%) 93.3 88.7 89.8 90
D50 (�m)b 78 82 84 82
D90 (�m)b 88 96 99 97
D10 (�m)b 60 69 75 68
a A fraction of 63–90�m was obtained by sieving two batches of the drug-lay
b D10, D50, andD90 represent the particle sizes at 10%, 50%, and 90%, respe
d
.8. Particle size distribution of microcapsules

A sieve analysis was performed using a row-tap sh
Iida Seisakusho Co. Ltd., Japan). Twenty grams of the

ation of the CCSS microcapsules

9:9:14 9:9:18 9:9:22 10.8:7.2:10 12:6:14 12:6:

25a 25a 25a 25a 25a 25a

12.5 12.5 12.5 12.5 12.5 12.5

ad ad ad ad ad ad
125 125 125 125 125 125

60 60 60 40 40 50
32 29 29 30 29 29

0.18 0.25 0.25 0.29 0.25 0.29
1.2 0.7–1.0 0.7–1.2 0.7–1.2 0.7–0.9 0.7–0.9

50 59 59 60 59 59
2.3 2.9 2.9 2.9 2.9 2.9

90.1 88.5 85.1 86.8 86.5 87.3
83 82 82 85 85 86

101 98 92 118 126 123
72 67 68 69 67 68
ered particles.
ctively, in the cumulative undersize distribution.
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ple was premixed with 0.5% anhydrous silica and then shaken
for 10 min.

2.9. In vitro drug release studies

The in vitro drug release in 900 ml of 0.1 mol/l HCl was
determined by the JP XIV rotating paddle method at 100 rpm
and 37◦C, using a Toyama dissolution tester (NTRVS6P;
Toyama-Sangyo Co. Ltd., Japan). After the microcapsules were
dried for 12 h in the vacuum desiccator at room temperature,
they were mixed with 2% (w/w) anhydrous silica and further
heated for curing in an air stream oven for 12 h atTg of the
coated poly(EA/MMA/HEMA). The microcapsules containing
approximately 9 mg of CCSS were accurately weighed and
placed in the dissolution test flask. Ten milliliters of the solution
was withdrawn, and an equal volume of fresh medium was
immediately added at predetermined time intervals (0.5, 1, 5, 15,
30, and 60 min). The samples filtered through a 0.22�m filter
(Micro Filter; FM-22, Fuji Photo Film Co. Ltd., Japan) were
assayed spectrophotometrically at 363 nm (Shimadzu UV-190,
Japan).

3. Results and discussion

3.1. Effect of HEMA on size and precipitation of latex
p
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Table 3
Statistical analysis of a second-order polynomial model forTg

Coefficient Estimated value P

b1 −52.00 <0.0001a

b2 108.12 <0.0001a

b3 122.69 <0.0001a

b12 6.24 0.9275
b13 86.82 0.2890
b23 −50.01 0.5642

a Statistically significant whenP < 0.05.

3.2. Glass transition temperature (Tg)

Tg is an extremely important factor in the coating process
because it is closely related to film formation and core-particle
agglomeration (Nakagami et al., 1991). In this study,Tg of the
cast films of poly(EA/MMA/HEMA) was measured, and the
relationship betweenTg and the polymer composition was inves-
tigated by fitting the data to a statistical model. For data fitting,
a second-order polynomial equation was adopted, although the
traditional full linear model could not be predicted entirely due
to a large number of terms.Scheff́e (1958)recommended to
(a) suppress the intercept, (b) include all the linear main-effect
terms, (c) exclude all the square terms (such asX1X1), and (d)
include all the cross terms (such asX1X2). Therefore, the model
was expressed by the following equation:

Y = b1X1 + b2X2 + b3X3 + b12X1X2

+ b13X1X3 + b23X2X3 (2)

whereY, X1, X2, andX3 representTg (◦C) and the molar frac-
tions of EA, MMA, and HEMA respectively andb1–b23 are
the coefficients of the respective variables and their interaction
parameters. The results of the statistical analysis are usually con-
sidered significant when theirP values are less than 0.05.The
statistical data were fitted to the model by using JMP® v5.0 sta-
tistical software (SAS Institute Inc.). Using the analysis results
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The composition of the latex polymers was assumed to a
he size and stability of the latex suspensions. For the pr
olymers, the introduction of hydrophilic HEMA could pos
ly lead to the swelling of latex particles. In fact, the part
ize of the lattices increased with the ratio of HEMA (Table 1
nd Fig. 1). Increased precipitation of the latex particles
lso observed with an increase in the ratio of HEMA, as sh

n Fig. 1. When the molar fraction of HEMA exceeded 60
olymeric latex could not be produced successfully due to
recipitation of latex.

ig. 1. Effect of HEMA on the particle size and percentage of the precip
or the 6:12:x poly(EA/MMA/HEMA) lattices. Data represent mean± standard
eviation (n = 3).
isted in Table 3, the model describingTg of polymers can b
ritten as follows:

= −52.00X1 + 108.12X2 + 122.69X3 (3)

n this model,P < 0.0001. The negative sign for the coeffici
f X1 (EA) indicated this factor reducedTg, while both MMA
nd HEMA increasedTg due to the positive coefficients ofX2
MMA) and X3 (HEMA).

The estimated response surfaces ofTg are shown inFig. 2. The
g of the polymers whose molar fractions of EA were ident

n the range from 0.133 to 0.500 was approximately equal,
pective of the variation in the ratio of MMA/HEMA betwe
2/10 and 4/27 (Table 1). This indicated that the ability of MMA
nd HEMA to contribute to theTg of the polymers was almo

he same.

.3. Water-uptake of polymers

The hydration or water-absorption behavior of the polym
lm coated on pellets or tablets plays an important role
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Fig. 2. Composition of the synthesized lattices and response surface ofTg in
the ternary diagram. EA:MMA:HEMA (�) 14:4:10, 14, 18, 22, 27; (+) 12:6:10,
14, 18, 22; (�) 10.8:7.2:10, 14, 18, 22; (�) 9:9:10, 14, 18, 22; (©) 6:12:10, 14,
18, 22, 27. The pentagon represents the region in which the coating operation
can proceed smoothly. Refer to text for details.

ing the initial stage of drug release in the solid dosage forms
(Golomb and Rahamim, 1990). Therefore, we investigated the
water absorption behavior of the series of 6:12:x and 14:4:x
poly(EA/MMA/HEMA) films as typical examples. The results
shown inFig. 3demonstrated that with an increase in the ratio of
HEMA, the water absorption of the polymers was quicker due to
the hydrophilic character of HEMA. However, at the same ratio
of HEMA, water absorption of the polymers with 14:4:x was
quicker than that with 6:12:x. As shown inFig. 2, an increase
in the ratio of EA resulted in a decrease inTg, which made
the polymer soft and flexible. The intermolecular aggregation
force in the soft and flexible polymers was weaker than that in
the rigid and brittle ones (Salomon, 1970). The soft polymers
required lesser energy for swelling as compared to the rigid ones
Consequently, the swelling proceeded more smoothly, result
ing in faster water uptake. Other researchers have also observ
that not only hydrophilic but also hydrophobic plasticizers could

F
( .
D

enhance the water uptake of hydrophilic acrylic polymers (Lee
et al., 2000). This suggested that the softening of polymers might
enhance water absorption.

3.4. Preparation of microcapsules

The formulations of the microcapsules and operating con-
ditions of Grow Max (140) fluidized bed coater are listed in
Table 2. In order to increase the drug release rate, highly water-
soluble lactose was selected as the core material. It was expected
that the lactose core would quickly introduce water into the
microcapsules and the induced osmotic pressure could act as
a driving force to release the drug rapidly. CCSS, which is the
model drug, is yellow-colored and non-hygroscopic. It is highly
soluble in water and can remain stable at 80◦C for 12 h. Thus,
it is an ideal model drug for evaluating the performance of the
Wurster process. In this study, water-soluble methylcellulose
whose viscosity was very low was selected as a binder for drug
layering. The high yields listed inTable 2 indicated that the
drug adhered well onto the cores.D90 of the drug-layered par-
ticles was 88�m, which indicated that the agglomeration was
suppressed successfully. A fraction of the sieved particles with
sizes ranging from 63 to 90�m was used to study the subsequent
coating process.

In order to coat the fine particles using aqueous polymeric lat-
tices,T of the latex polymers was required to be neither too high
n
p ve
f ible
c n
w be
u used
b on at
l void
t essed
w
e y
f
s

the
1 les.
A not
c urster
i w
a olar
r the
a a
p afi,
1 let
a ed by
H
t lom-
e ting.
S d not
b e low
T ver,
t tern
ig. 3. Water uptake of poly(EA/MMA/HEMA) at 25◦C. EA:MMA:HEMA
©) 14:4:27; (�) 14:4:22; (�) 14:4:10; (�) 6:12:27; (�) 6:12:22; (�) 6:12:10
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g
or too low. This is because whenTg was too high (Tg > 80◦C),
ost-curing had to be performed at high temperatures aboTg

or completing the film formation thereby leading to poss
ausing chemical changes in the drugs. In contrast, wheTg
as too low (Tg < 40◦C), low inlet air temperature had to
sed in order to avoid the core-particle agglomeration ca
y the softening of the polymeric membranes. This operati

ow temperatures required a low spray liquid flow rate to a
he wet agglomeration of the core particles due to the suppr
ater evaporation, which led to a long operation time (Ichikawa
t al., 1993). Thus, the lattices withTg ranging approximatel

rom 40 to 80◦C (enclosed within the pentagon inFig. 2) were
elected as candidates for the coating.

In the present coating system, it was very difficult to use
4:4:x (x = 10–27) series of lattices to coat the fine partic
t coating levels above 20%, the coating operations were
ontinued because most coated particles adhered to the W
nsert column and chamber wall. This might be due to the loTg
nd high hydrophilicity of the polymers that have a high m
atio of EA and HEMA. Several reports had indicated that
bsorbed water in the polymers decreasedTg since water is
otent plasticizer (Nakagami et al., 1991; Hancock and Zogr
994). AlthoughTg of the dry polymers was higher than the in
ir temperature during the coating process, moisture absorb
EMA in the polymers (Fig. 3) decreasedTg, which resulted in

he softening of the polymers. This would cause severe agg
ration of the coated particles and thus failure of the coa
ince the wet-agglomeration in the coating chamber coul
e avoided by increasing the inlet air temperature due to th
g, it was attempted to increase the inlet air flow rate. Howe

he high inlet air flow rate ruined the steady fluidization pat
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Fig. 4. Effect of HEMA on the release of CCSS from the microcapsules
that were 50% coated with poly(EA/MMA/HEMA) in 0.1 mol/l HCl solution.
EA:MMA:HEMA ( ©) 9:9:22; (�) 9:9:18; (�) 9:9:14; (�) 9:9:10. Curing: for
12 h atTg.

of the particles because the fine particles were blown toward the
bag filter. This resulted in a low coating efficiency and low yield
of the product.

For the 12:6:x (x = 10–22) and 10.8:7.2:x (x = 10–22) series of
lattices, the attempt to coat using the 12:6:10 latex failed for the
same reason as that for the 14:4:x series. Although the attempt
to coat using the 12:6:14, 12:6:22, 10.8:7.2:10 lattices suc-
ceeded, approximately 15–20% agglomerates were produced.
The fine particle coating with the 9:9:x (x = 10–22) and 6:12:x
(x = 10–27) series lattices yielded satisfactory results. The yield
was 85.1–90.6% with the mean particle sizes of 82–85�m
(Table 2), and the agglomerate fractions of the microcapsules
were less than 10%. Thus, the lattices that could be used to coat
fine particles are shown on the right of the dashed line in the
pentagon inFig. 2.

3.5. In vitro drug release studies

The effect of HEMA on the release of CCSS from the micro-
capsules that were 50% coated with poly(EA/MMA/HEMA)
using a 0.1 mol/l HCl solution is shown inFig. 4. The polymeric
membrane with a higher molar ratio of HEMA exhibited a faster
release of CCSS. This was because the introduction of HEMA
with a hydrophilic hydroxyl group enhanced the water perme-
ation through the membrane. In the case of 9:9:22 latex, CCSS
w ithin
5 icro-
c ad
c that
e /40
H ted
i sily
p t, th
d 50%
c ssio
a and
1 CSS
w entl
o pid
a ies b

Fig. 5. Effect of EA/MA ratio on the release of CCSS from the microcapsules
that were 50% coated with poly(EA/MMA/HEMA) in 0.1 mol/l HCl solution.
EA:MMA:HEMA ( ©) 12:6:14; (�) 9:9:14; (�) 6:12:14. Curing: for 12 h atTg.

Ichikawa et al. (1996)indicated that the dissolved lactose core
caused the microcapsules to expand and even rupture. However,
in the present study, the microcapsules films remained intact
after the 1 h dissolution test. This might be due to the much
higher water and lactose permeability of the present membranes.

Fig. 5 shows the effect of the molar ratio of EA/MMA on
the release of CCSS from the microcapsules that were 50%
coated with poly(EA/MMA/HEMA) using 0.1 mol/l HCl solu-
tion. The membranes of these microcapsules were composed
of equal ratios of HEMA (water permeable part). CCSS was
released more rapidly from the microcapsules whose EA/MMA
ratios were higher. The water-uptake study (Fig. 3) revealed
that among the poly(EA/MMA/HEMA)s of the same ratio of
HEMA, a lower value ofTg (higher ratio of EA/MMA) led to
a faster absorption of water. Therefore, the membranes with a
higher ratio of EA/MMA at an equal molar ratio of HEMA
became more water permeable, thereby causing a rapid release
of CCSS from the microcapsules.

As a typical example, the effect of the coating level on the
release of CCSS from the microcapsules with the 9:9:10 polymer
in the 0.1 mol/l HCl solution is shown inFig. 6. For the cases of
20% and 30% coating levels, an initial burst release was observed
due to the presence of incompletely coated microcapsules. As
the coating level reached 40%, CCSS released initially in 0.5 min
was successfully suppressed to less than 5%. As the coating level
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min only. Microscopic observations revealed that the m
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omplete films after the 1 h dissolution test. This implied
ven when the polymeric membrane comprised 55% (22
EMA, the polymer film of 9:9:22 could not be disaggrega
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ermeated through this polymeric membrane. In contras
issolution profile of CCSS in the microcapsules that were
oated with the 9:9:10 polymer exhibited a marked suppre
t the initial stage, approximately 3.7% and 4.9% at 0.5
min, respectively. After the short delay, rapid release of C
as observed: drug release exceeded 90% in 30 min. Evid
smotic pressure produced by the dissolved lactose could ra
nd thoroughly release the dissolved CCSS. Previous stud
)

e

n

y,
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y

ig. 6. Effect of coating level on the release of CCSS from the microcap
hat were coated with 9:9:10 poly(EA/MMA/HEMA) in 0.1 mol/l HCl solutio
oating level: (©) 20%; (�) 30%; (�) 40%; (�) 50%. Curing: for 12 h atTg.
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Fig. 7. Effect of curing temperatures on the release of CCSS from the micro-
capsules that were 50% coated with 9:9:10 poly(EA/MMA/HEMA) in 0.1 mol/l
HCl solution. Curing temperature: (©) uncured; (�) 50◦C; (�) 60◦C; (�) 65◦C;
(�) 70◦C; (�) 80◦C. Curing time: 12 h.

increased further from 40% to 50%, there was no significant
change in the initial drug release rate at 0.5. Although the drug
release rate decreased after 5 min, CCSS was almost completely
released after 30 min.

The microcapsules that were 50% coated with the 9:9:10
poly(EA/MMA/HEMA) were evaluated for the effect of the cur-
ing temperature on the drug release in the 0.1 mol/l HCl solution
(Fig. 7). While approximately 15.4% CCSS was released from
the uncured microcapsules after 1 min, its release was effectively
suppressed in those cured at 65◦C or higher temperatures. The
result was in good correspondence with the fact thatTg of the
9:9:10 polymer was 64.9◦C in Table 1.

The initial drug release in 0.5 min from the microcapsules
with the 9:9:10 polymer cured at 65◦C for 12 h was 4.1%
(Fig. 7). Such a small amount of initial burst release could some-
times result in the failure of taste masking. It was evident from
the present studies that this burst resulted from the separatio
of a small amount of particles from the steady fluidization flow.
Although these particles accounted for 4.1% of the total compo
sition in the present operation at an extremely low charging rate
of the particles in the processor, this would not pose a seriou
problem in normal operations.

4. Conclusions
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during the initial 0.5 min. For the polymers whose ratios of
HEMA were the same, those with lowerTg absorbed water faster,
thereby resulting in a slightly faster drug release during the initial
stage.

The microcapsules that were 40–50% coated with the 9:9:10
poly(EA/MMA/HEMA) latex were found to be a candidate for
the short-term delayed-release dosage forms. They could be syn-
thesized with an excellent process performance such as less
than 10% agglomerates, 91% yield, and 82�m mean particle
size. Further studies are being conducted to mask the unpleas-
ant taste of water-soluble drugs in fine particle dosage form by
using poly(EA/MMA/HEMA).
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