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In order to develop a pediatric liquid preparation with sustained release properties, dextromethor-

phan hydrobromide (DEXT) was complexed with strong cation exchange resin (CG 120) and the-eom-
plex was coated with Eudragit RS using a phase separation method by non-solvent addition. The effect
of pH, ionic strength of the release medium and drug/resin ratio on the release rate of DEXT was
studied. The release rate of free drug from the uncoated complex, and coated complexes with 9.5 and
18.5% Eudragit RS in artificial gastric juice were measured. The release rate from the uncoated com-
plex was faster with higher pH, higher ionic strength of the release medium and higher drug/resin ratio.
The release rate from the coated complex could be controlled by the amount of coating material, and

the surface after release did not rupture into.

Keywords —drug-resin complex, dextromethorphan hydrobromide, microencapsulation, Eudragit
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The concept of using ion exchange resins (IER)
to obtain controlled release of drugs has been avail-
able for at least 20 years""?. A more continuous and
uniform release over a long period of time is likely
to result if the drug is chemically bound to a solid
carrier, from which it is slowly released by the ac-
tion of the digestive fluids. Ion exchangers are solid
and suitably insolubilized high molecular weight
polyelectrolytes that can exchange their mobile ions
of equal charge with the surrounding medium.
These resins consist of two principal parts: a struc-
tural portion consisting of a polymer matrix, usual-
ly styrene cross-linked with divinylbenzene; and a
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functional portion, which is the ion-active group to
which the drug is bound. The functional group may
be acidic (sulfonic or carboxylic) or basic (usually
an amine)*¥.

In general all acidic and basic drugs, especially
having short biological half-lives are potential can-
didates, and a wide range of cationic (for the basic
drugs) or anionic (for the acidic drugs) exchange
resins can be used to form the drug-resin com-
plexes®?.

With amine containing drugs, weak acid ex-
changers are not very useful in slow release for-
mulations because their carboxylic groups have a
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pKa of about 6.5 and the drug is quickly set free,
especially in the strong acidic medium of the sto-
mach. It has been found that salts formed with
resins having a pKa less than 5.2 are most adaptable
to slow elution and hence sustained release of dex-
tromethorphanshydrobromide (DEXT)®.

Keating” listed the following advantages of ad-
sorbing basic nitrogen-containing drugs onto sul-
fonic acid cation exchange resins and using. them in
dosage forms: a) prolong availability by releasing
the drug from the complex over 12 hours in the
gastrointestinal (GI) tract; b) reduce toxicity by
slowing drug absorption; c) increase stability by
protecting the drug from hydrolysis or other degra-
dative changes in the GI tract; d) improve palati-
bility; and e) enable formulation of liquid and solid
sustained release dosage forms.

However, such uncoated complexes provide on-
ly a relatively short delay of drug release in com-
parison with the preparations of coated complexes
and provide no means for selectively modifying the
release profile. It has now been found that a selec-
tive, prolonged continuous release of pharmacolo-
gically active drugs, under conditions such as those
encountered in the GI tract, can be achieved by ap-
plying diffusion barrier coatings to drug-resin com-
plex. Although there are available long acting
agents, the availability of a sustained release drug in
a liquid formulation would be of value in cases
where solid medication cannot be taken, especially
in the case of children.

The purpose of this research is to prepare a sus-
tained release product of DEXT in the form of a
coated drug-resin complex. This product may then
be considered for use in an aqueous suspension
containing no ions.

The problem of this research is that the parent
resin of CG-120 is a gel-type divinylbenzenesulfonic
acid cation exchange resin which swells in water
with a pH range of 0-14. Thus, diffusion barrier
coatings were relatively ineffective since the coating
tended to peel rapidly and the coated particle swell-
ed and tended to fracture when contacted by water
biological fluids®”
complex particles with an agent such as polyeth-

. Pretreatment of drug-resin
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Figure 1— Chemical structure of CG 120.

ylene glycol provided for the particles to retain their
geometry and coating during dissolution'®

The aim of this study was to elucidate the possi-
blity of manufacturing of coated drug-resin comn-
plex using Eudragit RS. Eudragit RS lacquer films,
although insoluble, swell in water, in nature and ar-
tificial digestive juices and in suitable buffer solu-
tions, and release drugs independent of pH values.
Thus, in this study, the method for preparing drug-
resin complex and coating drug-resin complex was
developed, and dissolution profile in vitro in si-
mulated GI fluids was examined.

EXPERIMENTAL

Materials

Strongly acidic cation-exchange resins (Amber-
lite®CG 120, wet mesh: 100-200, 8% cross-linked,
Rohm and Hass Co), polyacrylate-polymethacry-
late copolymer with low content of quarternary am-
monium groups (Eudragit Retard-RS 100, R6hm
Pharma GmbH, Darmstadt, West Germany), and
polyisobutylene (Oppanol B50, BASF, Lud-
wigshafen, West Germany) were used. Dextro-
methorphan hydrobromide, non-narcotic antitus-
sive agent, was kindly supplied by Yuhan Corp. All
other materials used were chemically pure analyti-
cal reagents.The chemical structure of CG 120 is
shown in Fig. 1.

Instruments

Scanning electron microscope (JEOL JSM-35),
dissolution tester (DST-200, Fine Scientific Instru-
ment), and UV-spectrophotometer (Pye Unicam
PU 8800) were used.

Pretreatment of Resin
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Strongly acidic cation-exchange resin in sodium
form was purified by rinsing 100g of dry resin (ap-
prox. moisture content 16%) with 3 X 1000 m/ por-
tion of deionized distilled water (DDW), 2 x 1000
m/ of 95% methanol and 1 X 1000 m/ of DDW; each
treatment takes 5 hr by the batch process. After
further rinsing with DDW, the resin was condition-
ed in a chromatographic column with 2% 10 m/ of
2N HCI, 1000 m/ of DDW, 2 x 100 m/ of 2N NaOH
solution and 1000 m/ of DDW. This cycle was re-
peated, and to desired state, the resin in the sodium
form was washed with DDW until the eluate was es-
sentially free of sodium ions. After filtration, the
resin was dried at 110°C to a constant weight.

Preparation of Drug-Resin Complexes

The drug-resin complexes were prepared by the
batch process as described by Keating®. 160mg of
dry resin in sodium form was placed in 10 m/ of
DDW in a suitable beaker and mixed for 30 min to
hydrate. 100mg of DEXT was gradually added to
the resin slurry with mixing, and agitated at 25°C
and 1,000 rpm until apparent equilibrium was re-
ached. This was determined by analyzing for the
unadsorbed DEXT, spectrophotometrically. When
there was no significant change in the amount of
unadsorbed DEXT, apparent equilibrium was as-
sumed to be established. The amount of DEXT ad-
sorbed was calculated as the difference between the
initial and the unadsorbed amount of DEXT. The
supernatant was taken at scheduled intervals and
analyzed spectrophotometrically at 278 nm, which
is the maximum absorption wavelength of DEXT.
The drug-resin complex was washed free of any
unreacted drug with DDW. Excess liquid was drain-
ed from the resin bed by suction, and the wet adsor-
bate was transferred to Petri dish. It was then dried
in an oven at 50°C to be a constant weight.

Effect of Concentration on Drug Loading Effi-
ciency—100mg of dry resin in sodium form was
placed in each 10, 20 and 40 m/ of DDW in a suita-
ble beaker. To make the complex containing a 50%
drug load, 100mg of DEXT was added with mixing
and agitated for 2 hr.

Effect of Temperature on Drug Loading Effi-
cienty— 100 mg of dry resin in sodium form was

mixed with 1.76 m/ of 0.028M DEXT solution to
make the complex containing a 15% drug load and
agitated 2 hr at 27, 35 and 50°C, respectively.

Effect of Drug Amount on Exchange Rate— 100
mg of dry resin in sodium form was mixed with
1.76, 3.3 and 10 m/ of 0.028M DEXT solution to
make the complex containing a 15, 25 and 50%
drug load and agitated for 60 min.

Preparation of Coated Drug-Resin Complex

To an Erlenmeyer flask containing 10g of 3%
(w/w) polyisobutylene (PIB) in methylene chloride-
n-hexane cosolvent, 0.1g of Eudragit RS was added
and dissolved for 30 min. After 0.9g of drug-resin
complex was added, 15 m/ of 3% (w/w) PIB in
n-hexane as a non-solvent solution was dropped in-
to the flask at a constant rate of 1 m/min thereby
gradually reducing the solubility of the Eudragit RS
and futher stirred for 30 min. A constant stirring
rate (1000 rpm) and temperature (25 °C) were main-
tained throughout the production. 50 m/ of n-he-
xane was added to the product and the coated com-
plex was sedimentated and were separated by de-
cantation and rinsed twice with 100 m/ portions of
n-hexane to remove any PIB adsorbed at the coated
complex interface and any empty wall polymer dro-
plets. By means of additional 50m/ of n-hexane,
they were transferred, filtered and solvent traces
were finally dried on filter paper at room tempera-
ture.

Determination of Wall to Core Ratio

The amount of material covering the complex
was determined by dissolving the coating material
from a known weight of the coated complex. Eu-
dragit RS was dissolved with methylene chloride.
The decapsulated complex was then dried and
weighed. The amount of coating was taken to be
the difference in dry weight before and after decap-
sulation.

In Vitro Release Studies

Dissolution testing used the USP paddle method
at 100 rpm in 500 m/ of 0.1N HCI or other suitable
ionic dissolution medium. Before the dissolution
test, the uncoated or coated complex was slurried in
2 m! of 1% Tween 80 in DDW solution for 24 hr to
enhance wetting and dispersion into the dissolu-
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tion medium. The drug-resin complex was added to
cach vessel. 5 m/samples of the dissolution solution
were removed (free of any polymer particles) and
assayed by determining the absorbance periodically
at 278 nm and fresh dissolution media were added
to make constant volume.

The method is of the type described by Chaun-
dry et al.V as the replacement closed tube method.

Effect of pH on Release Rate from Uncoated
Complex— A sample of the complex equivalent to
49.6mg of DEXT (a complex containing a 24.8%
drug load) was used. The pH 1.2, 4.0 and 6.8 buffer
solutions (ionic strength u#=0.1) was used as dis-
solution medium.

Effect of Ionic Strength on Release Rate from
Uncoated Complex— A sample of the complex
equivalent to 49.6 mg of DEXT (a complex con-
taining a 24.8% drug load) was used. 0.1N HCl
containing different amount of sodium chloride
(#=0.1, 0.2, 0.3, 0.4) solution was used as dissolu-
tion medium.

Drug Release from the Complex Containing a
Different Amount of Drug—Each 200mg of the
complex containing a 14.9, 24.8 and 43.4% drug
load was used. Artificial gastric juice was used as dis-
solution medium.

Effect of Coating on Release Rate— A weight of
the complex equivalent to 99.2mg of DEXT (a com-
plex containing a 24.8% drug load) in the uncoated
and coated complexes with 9.5 and 18.5% Eudragit
RS was used. Artificial gastric juice was used as dis-
solution medium. .

Effect of pH on Release Rate from Coated
Complex— A sample of the coated complex with
9.5% Eudragit RS equivalent to 99.2mg of DEXT
(a complex containing a 24.8% drug load) was us-
ed. The pH 1.2, 4.0 and 6.8 buffer solutions
(1 =0.1) were used as dissolution media.

Microscopic Studies

Scanning electron microscopy was used to
evaluate the quality of the coating. Thus, the parti-
cle of the uncoated complex, coated complex; and
the surface of coated drug-resin complex after re-
lease were observed.
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RESULTS AND DISCUSSION

Preparation of Drug-Resin Complex

The drug-resin complexes were prepared by the
batch process. When an amount of DEXT equiva-
lent to yield the complex containing a 15, 25 and
45% drug load were added, the complexes contain-
ing a 14.9, 24.8 and 43.4% drug load were obtain-
ed.

It is usual to express the amount of exchanges as
a fraction (F) of the amount which occurs after time
t (Q) to that after infinite time (Q..), thus;

F=Se (1)
In the present work, the results were calculated in
terms of X'V,

amount of exchange after time t

X = (2)

amount of exchange after equilibrium was obtained

Assuming that all the resin particles were uni-
form spheres and the sole rate-controlling process
was particle diffusion, calcaulation of results fol-
lowed the equation derived by Boyd ef al.'?. The
equation of this theory is shown in Eq. (3)

_Q:_,_ 6% exp(=n’Bt)
F_Qoo =1 71'2151 n? ©

Where n is an integer; B, the rate constant is
defined as B =x2D/r? where D is the effective diffu-
sion coefficient of the ion exchange process and r is
the mean particle radius of the resin.

To calculate the rate constants from the experi-
ments, values of F are calculated from the mesure-
ments and the corresponding theoretical values of
Bt are found from Table I.

Preliminary experiments were conducted to de-
termine the effect of DEXT concentration and tem-
perature on the drug loading efficiency in preparing
the complex.

As DEXT concentration was increased, the drug
loading efficiency was increased (Fig. 2). A study of
these data led to the selection of a 0.028M DEXT
solution, considering the drug solubility in prepar-
ing the complex. The effect of temperature on the



Table I— Table for Interpreting Experimental Results in
Terms of the Particle Diffusion Equation.

F Bt F Bt F Bt F Bt

0 0 0.25 0.0623 0.50 0.301 0.75 0.905
0.01 0.00009 0.26 0.0678 0.51 0.316 0.76 0.944
0.02 0.00036 0.27 0.0736 0.52 0.332 0.77 0.985
0.03 0.00079 0.28 0.0797 0.53 0.348 0.78 1.028
0.40 0.00141 0.29 0.0861 0.54 0.365 0.79 1.073
0.05 0.00219 0.30 0.0928 0.55 0.382 0.80 1.120
0.06 0.0032 0.31 0.0998 0.56 0.400 0.81 1.171
0.07 0.0044 0.32 0.1070 0.57 0.419 0.82 1.224
0.08 0.0057 0.33 0.1147 0.58 0.438 0.83 1.280
0.09 0.0073 0.34 0.1226 0.59 0.458 0.84 1.340
0.10 0.0091 0.35 0.1308 0.60 0.479 0.85 1.404
0.11 0.0111 0.36 0.1391 0.61 0.500 0.86 1.468
0.12 0.0132 0.37 0.1485 0.62 0.522 0.87 1.543
0.13 0.0156 0.38 1.1577 0.63 0.545 0.88 1.623
0.14 0.0183 0.39 0.167 0.64 0.569 0.89 1.710
0.15 0.0210 0.40 0.177 0.65 0.594 0.90 1.80
0.16 0.0241 0.41 0.188 0.66 0.620 0.91 1.91
0.17 0.0274 0.42 0.199 0.67 0.647 0.92 2.03
0.18 0.0309 0.43 0.210 0.68 0.675 0.93 2.16
0.19 0.0346 0.44 0.222 0.69 0.703 0.94 2.32
0.20 0.0386 0.45 0.234 0.70 0.734 0.95 2.50
0.21 0.0428 0.46 0.246 0.71 0.765 0.96 2.72
0.22 0.0473 0.47 0.259 0.72 0.798 0.97 3.01
0.23 0.0520 0.48 0.273 0.73 0.832 0.98 3.41
0.24 0.0570 0.49 0.287 0.74 0.868 0.99 4.11
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Figure 2—Effect of DEXT concentration on the drug
loading efficiency in preparing drug-resin complex.
Key: @, 2.8%x102M; ®m, 1.4x102M; 0, 0.71 X 10-2M.

drug loading efficiency in preparing the complex
containing a 15 and 25% drug load was studied at
27, 35 and 50°C, respectively.

F (fractional exchange)

20 40 60 80 100 120
Time (sec)
Figure 3 —Effect of temperature on the drug loading effi-
ciency in preparing the complex containing a 15% drug
load.
Key: @, 50°C, m, 35°C; 0, 27°C.
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Figure 4 —Effect of temperature on the drug loading effi-
ciency in preparing the complex containing a 25% drug
load.
Key: o, 50°C, m, 35°C; 0, 27°C.

Figs. 3 and 4 shows the fractional exchange vs.
time (sec) in preparing the complex containing a 15
and 25% drug load. As shown in Fig. 3, the equili-
brium was obtained in 60 sec at 50 °C. Fig. 4 shows
the fractional exchange at 27 and 50°C was 0.18
and 0.8, respectively.

The actual values of B derived (by the method of
least square) from the Bt-t plots are shown in Table
I1. The reaction rate constant B increased by a fac-
tor of 1.7 and 2.64 for 35 °C as against 27 °C in pre-
paring the complex containing a 15 and 25% drug
load, respectively.

J. Kor. Pharm. Sci., Vol. 19, No. 2(1989)



Table I1— The Reaction Rate of Drug-Resin Complex.

Reaction rate (sec~!)

T (°C)
15% Complex 25% Complex
27 2.0x10°3 2.5x104
35 3.4%1073 6.6 x 104
50 3.3 %102 5.4%104

Table II--The Activation Energy in Preparing Drug-
Resin Complex.

Loading % Activation energy (Kcal/mol)
15 22.8
25 26.6
4 L
< 3t
+
M
ol
5]
~
[
1 L
30 3.1 3.2 33 34
1/Tx103

Figure 5— A plot of log K againt 1/T for preparing drug-
resin complex.
Key: o, 15%; ¢, 25%

The data obtained from Table IT were plotted ag-
ainst log K as shown in Fig. 5. By Arrhenius equa-
tion, the activation energy (E,) was calculated.
The complex containing a 15% drug load had the
smaller E, than that of the complex containing a
15% drug load in preparing the complex. From the
result, although the variation of temperature from 27
to 50°C had significant effect on the rate of ex-
change, but had no appreciable effect on the drug
loading efficiency. And also considering the drug
stability in subsequent work, the room temperature
(27 °C) was chos

Fig. 6 shows that the effect of the drug amount
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Figure 6— Effect of drug amount on the rate of exchange

in preparing drug-resin complex.

Key: o, 15%, B, 25%; o, 50%.

100
90
g 80
g 70
& 60

2 50 '/'-—-/"’_—__*_——..
40
30

T \ ) L L

30 60 90 120

Time (min)

Figure 7— Effect of ionic strength on the release rate
from the uncoated complex in 0.1N HCI solutions with
and without sodium chloride.

Key: o, £=0.1;0,4=0.2; ®,u=03; 0, u=04.

added to a constant amount of resin on the ex-
change rate in preparing drug-resin complex. The
equilibrium was reached at 20 and 40 min in prepar-
ing the complex containing a 15 and 25% drug
load, respectively. We could know that the more
the added drug amount, the slower the exchange
rate.

Variables Affecting Drug Release Rate from
Complex.

Release kinetics depend upon resin inherent pro-
perties such as particle size and crosslinking degree,
and on the other hand upon test conditions such as
electrolyte concentration, pH and so on.

Increasing the ionic strength from 0.1 to 0.4 shi-
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Figure 8 —Effect of pH on the release rate from the un-
coated complex at various buffer solutions.
Key: o,pH1.2; m, pH 4.0; @, pH 6.8
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Figure 9— Release of DEXT from the complexes contain-
ing a different amount drug in 0.1N HCl.

Key: @, 43.4%; m, 24.8%; O, 14.9% solutions.

fted the equilibrium concentration toward more
complete drug release with the drug-resin complex
(Fig.7). The release of DEXT after 2 hr was 95 and
50% in a dissolution medium which ionic strength
was 0.4 and 0.1, respectively. These results indicate
not only the effect of ionic strength on the release
rate of DEXT, but also quality of the prepared
complex. And also, these results suggest that the
complex had no appreciable release in DDW. Most
sustained aqueous products release drug on storage,
but we could know from the result that this drug-
resin complex does not. It is important to develop a
liquid preparation with sustained release profile.

Fig. 9 shows the comparative release in 0.1N
HCI of DEXT from drug-resin complexes contain-
ing a 14.9, 24.8 and 43.4% drug load. Release st-
udies revealed that the complex containing a 43.4%
drug load released about 65-70% of the available
drug within the initial 60 min of dissolution, but the
complex containing a 14.9% drug load released
about 20% of the available drug in the same time.
In the case of the complex containing a 14.9% drug
load, this 20% of the released drug was attributed
to the drug on or near the surface of the drug-resin
complex; and the remaining 80% of the drug was
internally bound by the resin matrix. Therefore, as
the loaded amount of drug was increased, the
release rate was increased.

Complete drug release cannot be obtained in this
system because equilibrium is reached and sink con-
ditions are not obtained. But DEXT was complete-
ly bioavailable from this drug-resin complex. It was
perhaps due to the continuous absorption of releas-
ed drug into the blood, resulting in a lower GI tract
concentration, which, in turn, permitted more drug
release. It was perhaps also due to the continuous
passage of the resin through the GI tract.

Microencapsulation

The results indicated the need for a diffusion
barrier coating for the complex to modify the drug
release profile, essential for the formation of a sus-
tained release liquid dosage form'?.

Eudragit RS was selected as the diffusion barrier
film since it has swelling and pH-independent drug
properties. Therefore, the complex was coated with
Eudragit RS using a phase separation method by
non-solvent additions'>'¥

From the preliminary experimental results, it
was observed that the presence of PIB at a minimal
concentration was vital to the formation of indivi-
dual microcapsules!’®. The use of PIB concentra-
tions between 0 and 2% failed to give good repro-
ducible microcapsules, but 3% PIB, minimum PIB
enabling formation of individually microencap-
sulated core particles, was sufficient to prevent
aggregation of the coated complex.

The complex with 9.5 and 18.5% Eudragit RS

J. Kor. Pharm. Sci., Vol. 19, No. 2(1989)
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Fugure 10 —Release of DEXT from the uncoated and
coated complex with 9.5 and 18.5% Eudragit RS in 0.1N
HCL.

Key: e, uncoated; B, 9.5% coated; o, 18.5% coated

coat was formed, respectively when as amount of
coating material equivalent to yield the complex
with 10 and 20% Eudragit RS coat was used.

Drug Release from Coated Complex

Fig. 10 shows the drug release profiles from Eud-
ragit RS coated and uncoated complexes. About
32 and 27% of DEXT were released in 2 hr from the
complexes with 9.5 and 18.5% Eudragit RS coat re-
spectively. The data indicates that good retardation
of the dissolution from the complex is obtained by
the application of a diffusion barrier coating. Ef-
fect of pH on the release of DEXT from the coated
complex is shown in Fig. 11. This experiment was
done to compare the effect of pH on the release of
DEXT from the uncoated and coated complexes.
While the effect of pH on the release of DEXT

A
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Figure 11—Effect of pH on the release rate from the
coated complex with 9.5% Eudragit RS in various buffer
solutions.
Key: O, pH 6.8; 0, pH4.0; @, pH 1.2

from the uncoated complex was large, the coated
complex was very small. It was due to the property
of Eudragit RS that releases drug independent of
pH values.

Microscopic Studies

Fig. 12 shows microscopic observations of un-
coated drug-resin complex (A) and 9.5% Eudragit
RS coated drug-resin complexes before (B) and
after (C) release test. Scanning electron micrograph
(SEM) of the coated complex with 9.5% Eudragit
RS revealed that the coating was uniformly applied.
SEM confirmed that the coated complex after drug
release did not rupture into smaller particles but
contained a few small pores on the surface. The
release profile and SEM confirmed that the rupture
of coating barrier due to rapid swelling of resin in
liquid was overcome.

C
Figure 12— Scanning electron micrograph of uncoated drug-resin complex (A), 9.5% Eudragit RS coated resin complexes
before(B) and after (C) release test.



In conclusion, as the release rate from the
coated complex could be controlled by the amount
of coating, therefore, it was possible to develop a li-
quid preparation with sustained release properties.

In addition to this study, further work will be
necessary to obtain the method to control release
pattern from the coated complex and to make re-
lease curve straight by adding Eudragit RL coated
complex or resin.
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