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ABSTRACT

The purpose of this study is to investigate the effect of Eudragit® RS 100 as a surface coating for controlled release of chlorpheniramine (CPM)
resinate. CPM resinate was prepared by the batch method using Dowex® 88 as the resin. The resinates was coated with Eudragit® RS100 solutions
at different concentrations (1%, 5%, 10% and 20% w/w) by a dipping method. The release behavior of the drug from the resinate in deionized
water (DI), simulated gastric fluid (SGF), simulated intestinal fluid (SIF) and various concentrations of KCl (0.05-0.6 N) was examined and
compared. The morphology of the resinates was observed by scanning electron micrograph (SEM). In various dissolution media, the amount of CPM
released from CPM uncoated resinate can be ranged as follows: 0.6 N KCI > SIF > 0.2 N KCI >0.05 N KCl > SGF > DI. In Eudragit® RS100 coated
resinate, the higher the Eudragit® RS 100 concentrations used for coating the resinate, the slower the release of CPM was observed. Increasing in
the amount of polymer increased the coating thickness of the resinates. This increased the path length through which the drug molecule had to
diffuse and the time required to transverse the membrane and, hence, made the drug release slower from the resinates. Kinetic studies revealed
that the desorption of drug from the resinate obeyed the typical particle diffusion process, whereas the drug release from the coated resinate
followed the diffusion controlled model in accordance with the Higuchi equation. These results indicated a simple method using for coating the

resinate. In addition, Eudragit® RS 100 appeared to be a suitable polymer to provide prolonged release of chlorpheniramine resinates.
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INTRODUCTION

Resinate is a drug-resin complex yielded from the ionized drug
loaded onto a resin by chemical ion-exchange reaction!. It has
superior properties over its original drug such as better stability,
better taste, less side effect and more uniform absorption2. It is
applied for formulating in forms of sustained release pharmaceutical
products35. Resinate products in the market can be classified into
single-resinate  products and multiple-resinate  products®’.
Modification of the surface by coating of resinate is one method for
controlling the drug release. The resinate can be coated with
different polymeric materials such as waxes, ethylcellulose, cellulose
acetatebutyrate, Eudragit® RS and nylon81°. However, those coating
techniques require the equipment such as spray drying machine or
fluid bed coater for producing the products.

Eudragit®, an acrylates/ammonium methacrylate copolymer acrylic
polymer, is one of the most popular polymers using for coating of the
pharmaceutical products. The aim of this present study is to
investigate the effect of Eudragit® RS100 (trimethyl-[2-(2-
methylprop-2-enoyloxy)ethyl]lazanium; chloride) as a surface
coating by dipping method for controlled release of
chlorpheniramine (CPM) resinate. CPM resinate was prepared by the
batch method using Dowex® 88 as the resin. The resinates were
coated with Eudragit® RS100 solutions at different concentrations
(1%, 5%, 10% and 20%). The drug release from the resinate in
deionized water, simulated gastric fluid (SGF), simulated intestinal
fluid (SIF) and various concentrations of KCl (0.05-0.6 N) was
examined and compared. The morphology of resinates was observed
by scanning electron micrograph (SEM).

MATERIALS AND METHODS
Materials

Dowex® 88 was obtained from Dow Chemical Company (Tokyo,
Japan). Chlorpheniramine maleate (CPM) was purchased from
Kongo Chemical Co., LTD (Toyama, Japan). Eudragit® RS 100 (ERS)
was purchased from Réhm AG (Darmstadt, Germany). Potassium
chloride and sodium chloride from Ajak Finechem (Sydney,
Australia), Hydrochloric acid 37 % and sodium hydroxide pure
pellet were obtained from P.C. Drug Center Co, LTD. (Bangkok,
Thailand). All other reagents were obtained commercially and used
as received.

Preparation of resinates

Prior to use, the resin (20 g) was placed in a 250 ml beaker and 200
ml distilled water was added. The slurry was stirred with a
magnetic bar for 5 min, and allowed to settle for 15 min; then, the
supernatant was removed by decantation. The resin was washed
another two times according to above procedure. The washed resin
was collected by filtration and dried overnight in a hot air oven at
50°C to a constant weight. The dried resin was kept in a tight glass
vial until preparation of the resinates.

Resins about 500 mg, accurately weighed, were added to 100 ml of
the loading solution of 105 mg of CPM maleate. The mixtures were
left in the dark at room temperature (25°C) for 48 h and periodically
shaken. The resinates were isolated by filtration and washed with
an excess of distilled water which was then collected and added to
the previous filtrate. The resinates were dried overnight in a hot air
oven at 50 °C, and stored in a tight glass vial. The drug content in
each final filtrate, which consisted of the filtrate and washing water,
was analyzed by UV spectrophotometer (Hitachi, U-2000, Japan) at
260 nm, which is the maximum absorbance of CPM. The amount of
drug loading onto the resinate was obtained from the initial
concentration and the remainder concentration in the loading
solution at the equilibrium, and was calculated as % drug loaded in
Equation 1:

drug loaded (mg)
drug loaded (mg) + resin (mg)

%drug loaded = x100% (1)

Coating of resinates with Eudragit® RS 100

The resinate was coated with Eudragit® RS 100 (ERS). ERS was
dissolved in dichloromethane at various concentrations (1%, 5%,
10% and 20% w/w). Each sample of 0.9 g of CPM-Resinate was
suspended in 5 ml ERS solution for 40 min in an orbital shaker. The
coated particle was then isolated by vacuum filtration and air-dried
for 24h. The particle sizes of microcapsules and in vitro release of
drug were then examined.

Drug release study

Drug release was investigated in triplicate using a USP release
testing apparatus II (Prolabo Dissolutest, France)22. The sample was
accurately weighed to obtain the equivalent of 12 mg of CPM and
added into 900 ml of dissolution media. The release medium was
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900 ml of deionized water or KCl solutions (0.05-0.6 N), simulated
gastric (SGF) and intestinal fluids USP without enzyme (SIF). The
rotation and temperature were maintained at 50 rpm and 37+1°C,
respectively, throughout testing. At predetermined times, small
portions (5 ml) of medium were withdrawn through a filter (0.45
um) and assayed by an ultraviolet spectrophotometer (Lambda 2,
Perkin-Elmer, Germany) at a wavelength of 260 nm. The dissolution
profiles of drugs released from the resinate were plotted between %
of CPM release as Y-axis and time as X-axis, and the amount of drug
released from the resinates at 8 h was compared.

The liberation process from the resinate was examined using
Bhaskar’s expression'! as equation (2):

An(1-F) = -In(Qo/Q) = 159 (6/dy)12 Dosstoss  (2)

F represents the fraction of drug released from the resinate at time t
(min), Qo is the initial drug content of the resinate (g.g1), Q: is the
drug content of the resinate at time t (g.g1), D is the diffusion
coefficient of the drug within the resin (mm2.min), d, is the mean
diameter of the resin (mm), and t is the time of dissolution (min).
The logarithmic of the fraction of drug release from the resinate (-In
(1-F)) was plotted against 065,

Scanning electron microscopy (SEM)

The surface morphology of resinate and coated resinate was viewed
by an electron scanning electron microscope (CamScan MX 2000,
UK). Prior to testing, samples were fixed on stubs and sputter coated
with gold in a vacuum evaporator (Cressington Sputter Coater 108,
UK).

Statistics

Analysis of variance (ANOVA) with Dunnett’s test in multiple
comparison was used for statistical evaluation of the drug release
among the resinates. P-values of < 0.05 were considered to
represent a statistically significant difference.

RESULTS AND DISCUSSION
Preparation of resinates

The CPM resinate was obtained using the batch method. The
resinates were round and free flowing. The amount of the drug in
the loading solution and in the resinate during preparation are
presented in Table 1. The low difference in the percent of the drug
before and after washing process at the equilibrium (0.02% w/w)
indicated that washing process did not significantly affect the
amount of the drug. The content of the CPM in the solution kept
under the preparation condition was not changed in our preliminary
study. In our previous report, we found that CPM was dispersed
monomolecularly in its resinate, and ionic association was formed
between the sulfonate groups of the resin and the NH* group of
CPM!12, Therefore, the CPM resinate was successfully prepared.

In vitro release study
Uncoated CPM resinate

Figure 1a shows the dissolution profiles of CPM from CPM uncoated
resinate in various dissolution media. The retard release profiles of
the drugs from all types of the resinates were observed. The
sustained release property of Dowex® 88, a strongly cationic
exchange resin, with various drugs has been reported, and it was
discussed with their crosslinked structure which resists drug
diffusion through the resin beads”13-16, Figure 2 shows the Bhaskar’s
Table 1: The amount of the drug in the solution and amount of
drug loading during preparation of the resinate.

plots of drugs released from the resinates in various dissolution
media. A high linear regression analysis (r?2 > 0.98) was obtained
from the plot between -In (1-F) and t°¢5, therefore, the drug
liberation mechanism was clarified to be the particle diffusion
contro]1117.18,

The apparent amount of CPM released from CPM uncoated resinate
in various media at 8 h was presented in Table 2. In various
dissolution media, the amount of CPM released from CPM uncoated
resinate can be ranged as follows: 0.6 N KCI > SIF > 0.2 N KC1 >0.05 N
KCl > SGF > DI. There was very low CPM released (0.2 %) in the
deionized water. In the drug resin complex, the drug bound with the
sulfonic group of the resin by electrostatic attraction, and was not
liberated unless it was replaced by another counter-ion?. Since there
were no counter-ions in DI, only the limited amount of drug
remaining unbound was available for the release, thus explaining the
smaller amount of released drug. In regard to ion exchange resin-
based dosage forms, ions played an important role in the drug
release!8, Therefore, CPM released from resinate was further
investigated in 0.05-0.6 N KCI solutions, SGF and SIF. As expected, it
was found that the presence of ions in the release medium greatly
influenced the CPM released from the resinate (Fig. 1 and Table 2).
The drug release in KCI solutions was higher than that in DI. This
was possible because potassium ion (K*) acted as a cationic counter-
ion, like the drug, and could exchange for Na* in the resin. During the
release and complex formation process, the released drug (CPM)
therefore competed with K* in exchange for Na* in the resin, which
then formed less of the drug-resin complex (Eq. 3), meaning that a
larger amount of drug remained available for release. Even in cases
where the drug-resin complex was already formed, the bound drug
would be replaced by K* and then liberated from the complex (Eq.
4), thus further promoting the release. As shown in Fig. 1, the
increase in the concentration of KCI solutions dramatically increased
the release. According to the equilibrium treatment of Eq. 3 and Eq.
4, the increased K* could more effectively both prevent the released
drug (CPM) from forming the drug-resin complex and liberate the
bound drug from the formed complex. Chloride ion (CI-), the anionic
co-ion, was not involved in the cationic exchange of this resin and
hence in these phenomena3.

RSOsNa+ CPM* +K* < RSO3 (CPM/K) + Na* (3)

RSO3CPM + K < RSO:K + CPM* (4)

The gastrointestinal fluids containing a number of ions, it was also
worth determining how the release behaved in SGF and SIF. Like in
KCl solutions, the drug release in the SGF and SIF was higher than
that in DI. This was due to the existence of cationic ions, i.e. the
mixture of H* and Na* in SGF and the mixture of K*, H* and Na* in SIF,
which competed with the drug in the ion exchange process as
explained above. The amount of CPM released in SGF was
considerably lower than that in SIF (10.3 times, Table 2). CPM, a
weak base drug, ionized to a greater extent in SGF and then
preferred binding with rather than releasing from the resins. The
percent exchange of the drug onto the resin, which directly related
to the equilibrium constant of the exchange reaction!* was
significantly different in SGF and SIF (data not shown). As the type
and concentration of ion in SGF and SIF are different, the difference
in the equilibrium constant of the exchange reaction was occurred.
The percent exchange of the drug onto the resin inversely related to
the apparent amount of the drug release. Therefore, the difference
of the amount of the drug release in different media may be due to
the variability of the equilibrium or exchange constant.

Table 2: The apparent amount of chlorpheniramine released at
8 h from the CPM resinate in various dissolution media 2

Conditions for Amount of CPM Amount of

Dissolution systems Percent of apparent amount of

CPM released (S.D.)

preparation in the solution CPM loading
(mg) (mg)
At initial 105 105
At Before 9.13 95.87
equilibrium  washing
After 9.11 95.89
washing
Difference! 0.02

Deionized water
Simulated gastric fluid
Simulated intestinal fluid

0.21 (0.03)
3.72 (0.21)*
38.2 (3.1)%**

0.05 N KCl 30.4 (2.5)%
0.2 NKCl 42.5 (2.8)%*
0.6 NKCl 83.8 (4.1)*** ¥

1 Amount of the drugs after washing minus before washing

2 Each point represents the mean *S.D. of three to five experiments.
* p<0.05 compared with deionized water,** p<0.05 compared with
simulated gastric fluid, *** p<0.05 compared with simulated gastric
fluid, simulated intestinal fluid, 0.05 N KCl and 0.2 N KCL
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Table 3: Effect of ERS concentration as coating agent on chlorpheniramine release kinetics data from coated resinates in 0.6 N KCl.

Concentration of Bhaskar’s equation

Korsmeyer-Peppas’s equation

Higuchi’s equation

El‘;s Correlation coefficient Correlation coefficient n Correlation coefficient (r2)  Diffusion rate
(% w/w) () (r2) (b17)

1 0.912 0.989 0.48 0.991 28.52

5 0.923 0.996 0.51 0.997 21.44

10 0.932 0.992 0.51 0.998 16.91

20 0.965 0.979 0.47 0.981 3.28

Coated CPM resinate

As the amount of CPM release from CPM uncoated resinates was the
highest in 0.6 N KCl, this medium was selected to be the dissolution
medium for CPM coated resinates. Figure 2a shows the dissolution
profiles of CPM from CPM coated resinate in 0.6 N KCI. It is seen that
the higher the ERS concentration used for coating the resinate, the
slower the release and the release rate of CPM were observed (Table 3).
As discussion in the previous section, even in cases where the drug-
resin complex was already formed, the bound drug would be
replaced by K* and then liberated from the complex, thus further
promoting the release. At higher concentrations of ERS, the
microcapsules were well formed and uniformly coated.
Consequently, the typical drug release mechanism of the
microencapsulated resinate became operative, resulting in a slower
release. Increasing in the amount of the polymer, not only caused
uniform coating but also increased the coating thickness of the
microcapsules. This increased the path length through which the
drug molecule had to diffuse and the time required to transverse the
membrane and, hence, made the drug release slower from the
resinates. This finding agreed with the SEM results in which
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thickness on the surface of resinates appeared progressively
increased with increasing the polymer incorporation (Fig. 3a-e, right
side). At 20 % w/w of ERS (Fig 3 d-e, left side), the morphology of
the surface was coarser than that at 1-10 % of ERS, indicating some
adhesion of the coated resinate at this coating polymer
concentration. However, the slowest of CPM released from these
coated resinates was observed. ERS has been utilized for the coating
process in various studies #81°, However, the coating methods in
these previous studies require special equipments such as a spouted
bed coater or a spray dryer. The chemical reaction can be also used
but it is time consuming because of o/w evaporation process. In our
study, SEM of x-section of coated resinate showed the homogeneity
of the polymer coating, shown by the uniformity of thickness of
coated resinate (Fig. 3b-e, right side). Moreover, the shape of the
resinates after the dissolution studies was found to be unaltered
(data not shown). This indicates that ERS coating provided sufficient
resistance to prevent the rupture of the coating film that would
normally result from the rehydration and swelling of the dried
resinate, and hence, that the process does not require any
impregnating agent. These results indicated the suitability of the
coating process using ERS in our study.

4n (@-F)
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Fig. 1: a) Release of chlorpheniramine from resinates, and b) Bhaskar’s plot of chlorpheniramine released from resinates in deioned
water (x), simulated gastric fluid (¢ ), simulated intestinal fluid (Jif), 0.05 N KCI(4 ), 0.2 N KCI () and 0.6 N KCI (Q). Each point represents
the mean + S.D. of three to five experiments.
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Fig. 2: a) Release of chlorpheniramine from ERS 100 coated resinate and b) Higuchi’s plot of chlorpheniramine released from ERS coated
resinate at ERS concentration of 0% (2),1% (ll),5% (¢),10% () and 20%(+). Each point represents the mean + S.D. of three to five

experiments.
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Fig. 3: SEM of ERS 100 coated resinates (left) and cross section (right) at ERS concentration of a) 0%, b) 1%, c) 5%, d) 10% and e) 20%
w/w (Left, 50X, BAR=500 um; right 2000X, BAR=20 pm).

The correlation coefficient of the plot between -In (1-F) and t°65 was
higher than 0.98 (Table 3), therefore the exchange of drug from the
uncoated resinate was found to follow the particle diffusion process
as the equation developed by Bhaskar et al.8 in Eq.2, confirming that
the release rate from the resin was controlled by particle diffusion
(Fig. 1b). Drug release from the coated resinates has also been
reported to follow the particle diffusion process!%1%. However, CPM
release from the ERS in our studies was found to deviate from the
particle diffusion mechanism; as shown in Table 1, r2 were between
0.91-0.96 by Bhaskar’s model. Hence, the data then were fitted into
the Korsmeyer-Peppas model?? in Eq.5,

Mt/Ma = atr ()

where a is a constant incorporating structural and geometric
characteristics of the dosage form; n is the release exponent,
indicative of the drug release mechanism; and the function of t is
Mt/Ma (fractional release of drug). Acceptable linearity was
observed (r2>0.97, Table 3), and the values of n varied from 0.47 to
0.51 (Table 3). This indicates that the Fickian type of transport
mechanism might be operative in the release of CPM from the coated
resinate. The release data were then fitted into the Higuchi model 2!
in equation (6), and plotted in Figure 2b.

Q= ki ©)

where Q is the amount of drug release, k is the release rate constant
and t is time. The correlation coefficient of the plot between percent
of CPM release and t°5 was higher than 0.98 (Table 3), for all the
coated resinates. The present study indicated that release of CPM
from the ERS-coated resinates obeyed a diffusion controlled process
because the correlation coefficient is the highest among three
plotted equations.

CONCLUSION

The CPM resinate and ERS coated CPM resinate were successfully
prepared. The dissolution medium affected the release of the drug
from the resinate. The higher the ERS concentrations used for
coating the resinate, the slower the release of CPM was observed.
Kinetic studies revealed that the release of drug from the resinate
obeyed the typical particle diffusion process, whereas the drug
release from the coated resinate followed the diffusion controlled
model in accordance with the Higuchi equation. These results
indicated a simple method for coating the resinate. Moreover, ERS
appeared to be a suitable polymer to provide prolonged release of
chlorpheniramine.
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