international
journal of
pharmaceutics

www.elsevier.com/locate/ijpharm

Ay

IE

R International Journal of Pharmaceutics 241 (2002) 301-310

Solid-state plasticization of an acrylic polymer with
chlorpheniramine maleate and triethyl citrate

Yucun Zhu **, Navnit H. Shah ®, A. Waseem Malick ®, Martin H. Infeld ®,
James W. McGinity #

 Division of Pharmaceutics, College of Pharmacy, The University of Texas at Austin, Austin, TX 78712, USA
® Hoffmann-La Roche Inc., Nutley, NJ 07110, USA

Received 19 September 2001; received in revised form 29 January 2002; accepted 1 May 2002

Abstract

The influence of in situ plasticization of chlorpheniramine maleate (CPM) on Eudragit® RS PO from hot-melt
extruded matrix tablets, and from compressed granules prepared by thermal processing was investigated. CPM was
studied as both a model drug substance and as a solid-state plasticizer for the acrylic polymer. Triethyl citrate (TEC)
was incorporated into the polymer blend as a liquid plasticizer for the polymer. The influence of TEC and CPM
concentration on the dissolution properties of CPM tablets was investigated. The glass transition temperature (7,) of
the samples was determined by modulated differential scanning calorimetry (MDSC). The morphologies of the
granules formed by hot-melt extrusion and hot-melt granulation processes were investigated by scanning electron
microscopy. The addition of 12% TEC to the polymer reduced the T, by 32.5 °C, while the reduction in the 7, for
the same level of CPM was 16.4 °C. The effect of TEC levels on drug release was dependent on the tablet preparation
method. At high TEC levels, the release rate of CPM decreased in tablets prepared by direct compression and tablets
made from compressed granules that had been prepared by high shear hot-melt granulation. However, the CPM
release rate increased from hot-melt extruded tablets with increasing blends of plasticizer in the extruded tablets. An
increase in the CPM content in the tablets resulted in an increase in the drug release rate. During high shear hot-melt
granulation, the model drug adhered to the polymer to form a porous discontinuous structure. Following hot-melt
extrusion, the drug was distributed at a molecular level in the continuous polymeric structure. The influence of both
CPM and TEC levels on the drug release rate from these polymeric drug delivery systems was shown to be a function
of whether the granules or tablets were formed by either hot-melt granulation or hot-melt extrusion, as well as the
plasticization effects of both TEC and CPM on the acrylic polymer. © 2002 Elsevier Science B.V. All rights reserved.
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release from polymeric systems (Bodmeier and
Paeratakul, 1990; Flosser et al., 2000; Mulye and
Turco, 1994; Wu and McGinity, 1999) and to
enhance the mechanical properties (Gutierrez-
Rocca and McGinity, 1994; Repka and McGinity,
2000b; Wang et al., 1997, Wu and McGinity,
1999) and surface appearance of the dosage form
(Wilson, 1995). When incorporated into a poly-
meric material, a plasticizer improves the work-
ability and flexibility of the polymer by increasing
the intermolecular separation of the polymer
molecules (Sears and Darby, 1982). This results in
a reduction in elastic modulus, tensile strength,
polymer melt viscosity and glass transition tem-
perature (7). The polymer toughness and flexibil-
ity is improved and lower thermal processing
temperatures can be empolyed (Rauwendaal,
1994). For instance, pharmaceutical polymers
used in film coating typically require a plasticizer
in order to reduce brittleness and to enhance
polymer coalescence and film formation (Wheat-
ley and Steuernagel, 1997). The plasticizer reduces
both the glass transition temperature of the poly-
mer and the minimum film formation tempera-
ture. As a result, the temperature required for film
coating is reduced.

In selecting the appropriate plasticizer for a
polymeric material, the plasticization efficiency
and compatibility must be considered which may
be determined by measuring the glass transition
temperature of the polymeric material as a func-
tion of plasticizer concentration. Differential
scanning calorimetry (DSC) is typically used to
measure the polymer glass transition temperature,
however, this technique is not always sensitive
enough to identify 7,s for certain polymers. Mod-
ulated differential scanning calorimetry (MDSC)
has been shown to be more effective in separating
thermal events, and provides greater resolution
and sensitivity due to the application of a modu-
lated rather than a linear temperature program
(Coleman and Craig, 1996; Ferrero et al., 1999).
A second run is performed to erase the different
thermal histories of the samples (Hatakeyama and
Quinn, 1999).

Wu and McGinity reported that solid non-tra-
ditional plasticizers including methylparaben and

drugs such as ibuprofen and chlorpheniramine
maleate were able to plasticize and lower the glass
transition temperature of polymeric films pre-
pared from aqueous latex dispersions of Eu-
dragit® RS 30 D (Wu and McGinity, 1999).
Eudragit® RS PO is a copolymer of acrylic and
methacrylic esters with a low content of quater-
nary ammonium groups. It has been used to
prepare matrix tablets by direct compression
(Boza et al., 1999), and wet granulation tech-
niques (Palmieri et al., 1999; Sanghavi et al.,
1990).

Hot-melt extrusion is one of the most widely
applied processing techniques in the plastics in-
dustry. For pharmaceutical systems, several re-
search groups have recently demonstrated that
thermal processing of pharmaceutical powders is
a viable method to prepare granules, sustained
release tablets (McGinity et al., 2000; Zhang and
McGinity, 1999, 2000) and transdermal drug de-
livery systems (Repka and McGinity, 2000a,b,
2001a,b). For pharmaceutical applications, hot-
melt extrusion offers many advantages over tradi-
tional processing techniques. Solvents and water
are not needed for processing, therefore fewer
processing steps are needed and time-consuming
drying steps are eliminated. There are no require-
ments on the compressibility of the active ingredi-
ents and the entire procedure is simple,
continuous and efficient (McGinity et al., 2000).

The objectives of this study were to demon-
strate the influence of the in situ solid-state plasti-
cization of chlorpheniramine maleate (CPM) on
Eudragit® RS PO and to investigate the physico-
chemical properties of the resulting composite
tablets. Tablets were prepared by hot-melt extru-
sion and by direct compression. In addition,
tablets were also compressed from granules pre-
pared by a high shear hot-melt granulation tech-
nique. CPM was used as both a model drug and
as a solid-state plasticizer in this study. A liquid
plasticizer, triethyl citrate (TEC), was also incor-
porated into the formulations. Plastization effect
and the microstructure of these composites were
investigated to explain the drug release mecha-
nism from tablets prepared by the different
technologies.
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2. Materials and methods

2.1. Materials

Chlorpheniramine maleate was purchased from
Spectrum Quality Products (Gardena, CA). The
other materials were kindly supplied by various
manufactures: Eudragit® RS PO, R6hm America
(Piscataway, NJ); triethyl citrate, Morflex
(Greensboro, NC).

2.2. Preparation of high shear hot-melt granules

Granules were prepared by a high shear hot-
melt granulation process using a Robot Coupe
Vertical Batch Processor (Model RSI 3VG, Robot
Coupe Scientific Industrial Division, Ridgeland,
MS). Three S-blades were assembled in the 3-1
stainless steel chamber. The processing tempera-
ture was maintained at 60 °C by circulating Ther-
mal M fluid (100 °C) (Julabo USA, Kutztown,
PA) in the jacket surrounding the chamber. The
temperature inside the chamber was monitored
using a thermal probe. The CPM and Eudragit®
RS PO were blended at a speed of 1500 rpm for 2
min. During this time, TEC was also incorporated
into the powder blend. The blended material was
heated until granules were formed between 60 and
70 °C. After mixing for 10 min, the granules were
cooled to 25 °C. Granules in the 20-40 mesh
range (850-425 p) were retained for further
evaluation.

2.3. Preparation of hot-melt extruded tablets

Tablets were prepared by hot-melt extrusion
using a vertical single screw Randcastle Model
RCP-0750 Microtruder® (Randcastle Extrusion
Systems, NJ). The operating temperatures for
Zone 1, Zone 2, Zone 3, and Zone 4 (die) were 90,
105, 110, and 115 °C, respectively. The screw
rotation speed was 20 rpm and the die diameter
was 6.0 mm. Hot-melt extrudates were cut manu-
ally into tablets with a weight of approximately
100 mg. Samples were stored at 25 °C/60%RH in
HDPE closed containers until further study.

2.4. Preparation of hot-melt extruded granules

Hot-melt extruded granules were made with a
model RCP-2.0 Pelletizer (Randcastle Extrusion
Systems, NJ) by pelletizing the hot-melt extru-
dates prepared by the process described in Section
2.3. Granules in the 20-40 mesh range (850-425
p) were retained for further evaluation.

2.5. Tablets preparation

High shear hot-melt granules, hot-melt ex-
truded granules as well as a dry powder blend of
CPM and excipients including the plasticizer TEC
(High shear blending was used for the incorpora-
tion of the TEC into the dry powder blend) were
compressed into tablets (6 mm die) on a Carver
laboratory press (Fred Carver) with a compres-
sion force of 2000 kg. High shear blending of the
powder mix with the TEC was conducted with a
Robot Coupe Vertical Batch Processor for 2 min
to ensure a uniform distribution of the TEC
throughout the powder. The tablet weight was
approximately 100 mg.

2.6. Dissolution studies

The release of CPM and TEC from tablets was
evaluated according to the USP 24 basket
method. The dissolution media consisted of 500
ml of distilled water maintained at 37 °C. The
basket rotation speed was set at 100 rpm, and at
predetermined intervals, a 3.0 ml volume of sam-
ple was passed through a 10 p filter and analyzed
for both CPM and TEC. The concentration of
CPM was measured using a Beckman DU-65 UV
spectrophotometer at 261 nm. The concentration
of TEC in the dissolution medium was measured
using the HPLC method described below.

2.7. HPLC method for TEC

A HPLC method was used to determine the
release of TEC from the hot-melt extrudates
(Bodmeier and Paeratakul, 1991). The chromato-
graphic system consisted of a Waters 501 HPLC
pump, a Waters 486 tunable absorbance detector
set at 220 nm, a Waters 712 WISP sample injec-
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tor, and a Waters C18 3.9 x 300mm pBondabpak
analytical column (10 pum). The mobile phase
consisted of a mixture of methanol:water (70:30
v/v). The retention time for TEC was 5.0 min.
Linearity of the system was demonstrated over
the working sample concentration range with a
correlation coefficient of 0.99. A lack of interfer-
ence from the other ingredients was demon-
strated, and the reproducibility of the system for
multiple injections (n = 6) was less than 0.5% rela-
tive standard deviation.

2.8. Modulated differential scanning calorimetry

A modulated differential scanning calorimeter
(TA Instruments, Model DSC 2920 Modulated
DSC) was used to determine the solid-state plasti-
cization effect of CPM on the Eudragit® RS PO
as well as the plasticization effect of TEC on the
Eudragit® RS PO. Approximately 5-10 mg of
sample was accurately weighed and hermetically
sealed in an aluminum pan. The sample was
equilibrated at — 10 °C for 2 min. The tempera-
ture of the samples was then ramped from — 10
to 160 °C at a rate of 5.0 °C/min. Modulation
was set at + 1.0 °C every 60 s. The samples were
cycled twice to remove thermal history. The glass
transition temperature was measured in the sec-
ond cycle as the step transition in the plot of
reversible heat flow versus temperature. The
MDSC was calibrated using an abbreviated cali-
bration method with an indium standard prior to
sample analysis.

2.9. Scanning electron microscopy

Samples were coated with gold-palladium for
60 s under an argon atmosphere using a Pelco®
Model 3 sputter coater (TED Pella, Tustin, CA)
in a high vacuum evaporator equipped with an
omni-rotary stage. The morphologies of the sam-
ples were investigated by using a Hitachi S-4500
Scanning Electron Microscope (Hitachi, Ibaraki-
Ken, Japan) at 15 kV at two magnifications
(100 x and 1000 x ).

3. Results and discussion
3.1. Plasticization and drug release

3.1.1. Influence of TEC concentration on drug
release

The profiles in Fig. 1 demonstrate the influence
of TEC levels on the dissolution properties of
directly compressed tablets formulated with a dry
powder blend of CPM and excipients or granules
prepared by high shear hot-melt granulation.
Drug release was greater than 80% in 2 h for
tablet formulations containing no TEC. Tablets
formulated using hot-melt granules containing no
TEC released CPM faster than tablets of the dry
powder blend. Due to the loss of surface moisture
during the hot-melt granulation process, no inter-
action between drug and polymer was observed
when TEC was not present in the formulation,
resulting in a faster release rate of drug from
tablets containing granules prepared by high shear
hot-melt processing.

When TEC was incorporated into the formula-
tions, the drug release rate decreased for both
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Fig. 1. Influence of triethyl citrate levels on the dissolution
properties of Eudragit® RS PO tablets containing chlorpheni-
ramine maleate (10%, w/w), prepared by direct compression of
powder blend (DC) or high shear hot-melt granules (HMG).
Compression force: 2000 kg. Dissolution: USP 24 basket
method, 100 rpm, 500 ml distilled water as the dissolution
medium, 37 °C (n = 3). (O): 0% triethyl citrate, DC; ([J): 4%
(w/w) triethyl citrate, DC; (A): 7% (w/w) triethyl citrate, DC;
(@): 0% triethyl citrate, HMG; (B): 4% (w/w) triethyl citrate,
HMG:; (A): 7% (w/w) triethyl citrate, HMG.
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Fig. 2. Influence of triethyl citrate levels on the dissolution
properties of Eudragit® RS PO hot-melt extruded tablets
containing chlorpheniramine maleate (10%, w/w). Dissolution:
USP 24 basket method, 100 rpm, 500 ml distilled water as the
dissolution medium, 37 °C (n=3). (O): 0% triethyl citrate;
(0): 4% (w/w) triethyl citrate; (A): 7% (w/w) triethyl citrate.

tablet preparations, as shown in Fig. 1. The drug
release data were fitted to the Higuchi equation
(Higuchi, 1963), and the drug release rate con-
stants were calculated and determined to be diffu-
sion-controlled processes (Goracinova et al.,
1995). The drug release rate constant decreased
from 32.8 to 28.1% h~!? when the TEC level
increased from 4 to 7% in the directly compressed
tablet formulation. A decrease in the rate constant
from 30.8 to 27.9% h~'? was found when the
TEC level increased from 4 to 7% in compacts
containing granules prepared by the high shear
hot-melt process. The decrease in the drug release
rate constant was due to the presence of TEC in
the interstices of the polymer, to increase the
binding of the drug to the polymer, thus facilitat-
ing the formation of a continuous matrix struc-
ture which would decrease the diffusivity of the
drug from the system. The addition of TEC fur-
ther enhanced drug and polymer binding during
thermal processing and, as a result, drug release
rates from tablets formulated as a dry powder
blend were faster than drug release rates from
compressed tablets prepared from high shear hot-
melt granules having 4% of TEC.

The influence of TEC levels on the dissolution
release rate of CPM from hot-melt extruded

tablets is seen in Fig. 2. The drug release rate
constant was calculated to be 11.7% h~'2 for
tablets containing no TEC. When 4 and 7% TEC
were incorporated into the powder blend formula-
tion, the release rate constants for the hot-melt
extruded tablets containing Eudragit® RS PO and
10% CPM were increased to 13.8 and 18.6%
h~12, respectively. CPM drug release rates in-
creased with increasing levels of TEC in the hot-
melt extruded tablets, whereas in directly
compressed tablets or tablets prepared from high
shear hot-melt granules, a decrease in the drug
release rate was seen. The high temperature and
pressure of the hot-melt process converted the
materials into a homogenous structure. For the
directly compressed tablets and those prepared
from the hot-melt granules, porous structures
were formed. The TEC functioned to enhance the
formation of a continuous matrix structure in the
directly compressed tablet compact. The plasti-
cizer also enhanced the adhesion of polymer parti-
cles in the granules prepared by the hot-melt
granulation process. The water-soluble plasticizer,
diffused from the hot-melt extruded tablets into
the dissolution media, enhancing drug release as a
result of channel formation in the tablet. This
hypothesis was confirmed by determining the
amount of TEC released from the hot-melt ex-

Amount of TEC Released ( mg )

0 4 8 12 16 20 24
Time (hr)

Fig. 3. Release of triethyl citrate from the hot-melt extruded
Eudragit® RS PO tablets containing chlorpheniramine maleate
(10%, w/w) with time. Dissolution: USP 24 basket method,
100 rpm, 500 ml distilled water as the dissolution medium,
37 °C (n=3). (@): 4% (w/w) triethyl citrate; (A): 7% (w/w)
triethyl citrate.
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Fig. 4. Influence of chlorpheniramine maleate levels on the
dissolution properties of hot-melt extruded chlorpheniramine
maleate tablets containing Eudragit® RS PO and 4% (w/w)
triethyl citrate. Dissolution: USP 24 basket method, 100 rpm,
500 ml distilled water as the dissolution medium, 37 °C (n =
3). (A): 6% (w/w) chlorpheniramine maleate; ((J): 10% (w/w)
chlorpheniramine maleate; (O): 14% (w/w) chlorpheniramine
maleate.

truded tablets during the dissolution study, and
these results appear in Fig. 3. The release of TEC
from the hot-melt extruded tablets also followed
the Higuchi diffusion model. TEC was completely
released after 24 h for the tablets containing 4 and
7% TEC. The diffusion of TEC into aqueous
media from cast films prepared from aqueous
colloidal polymer dispersions had previously been
reported by Bodmeier and Pacratakul (Bodmeier
and Paeratakul 1992).

3.1.2. Influence of CPM concentration on drug
release

The influence of CPM levels on the dissolution
properties of tablets prepared by hot-melt extru-
sion is demonstrated in Fig. 4. Drug release rates
increased with increasing amounts of CPM in the
formulation. When 6, 10 and 14% CPM was
incorporated into the extruded formulation, the
drug release rates were calculated to be 9.11, 13.8,
and 20.0% h~'2 respectively. Higher level of
CPM corresponding to lower level of the polymer
in the tablet, resulted in an increase in the drug
release rate. As more drug is released from the
tablet, more channels are produced, contributing
to faster drug release rates. In addition, higher
drug levels in the extruded tablet formulation

produced a higher drug concentration gradient
between the tablet and the dissolution medium.
According to Fick’s first law, the mass flux of a
component per unit cross sectional area perpen-
dicular to the direction of diffusion is propor-
tional to its concentration gradient (Hines and
Maddox, 1985), thus drug release rate was
increased.

The influence of CPM levels on the dissolution
profiles of CPM tablets prepared from the gran-
ules of the hot-melt extrudates was also investi-
gated. Compared with the results in Fig. 4, drug
release rates were faster from tablets prepared
with hot-melt extruded granules than from tablets
compressed with dry powder blends (Fig. 5).
Granulation of brittle hot-melt extrudates in-
creased drug release after compression, due to the
brittle nature of the polymer and the formation of
internal cracks within the granules during the
compaction process. The granules having poor
cohesive properties resulted in softened tablets
with large voids between the granules as observed
by SEM. Drug was released rapidly through both
the voids between the granules and the cracks
within the granules.
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Fig. 5. Influence of chlorpheniramine maleate levels on the
dissolution properties of chlorpheniramine maleate tablets
containing Eudragit® RS PO and 4% (w/w) triethyl citrate
prepared with hot-melt extruded granules. Compression force:
2000 kg. Dissolution: USP 24 basket method, 100 rpm, 500 ml
distilled water as the dissolution medium, 37 °C (n=3). (A):
6% (w/w) chlorpheniramine maleate; ([(J): 10% (w/w) chlor-
pheniramine maleate; (O): 14% (w/w) chlorpheniramine
maleate.
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Fig. 6. Influence of chlorpheniramine maleate levels on the dissolution properties of chlorpheniramine maleate tablets containing
Eudragit® RS PO and 4% (w/w) triethyl citrate prepared with high shear hot-melt granules. Compression force: 2000 kg.
Dissolution: USP 24 basket method, 100 rpm, 500 ml distilled water as the dissolution medium, 37 °C (n=3). (A): 6% (w/w)
chlorpheniramine maleate; ([J): 10% (w/w) chlorpheniramine maleate; (O): 14% (w/w) chlorpheniramine maleate.

In contrast, drug release from tablets prepared
with granules made by the hot-melt granulation
method, as seen in Fig. 6, was slower than from
tablets prepared by hot-melt extruded granules, as
in Fig. 5. The high shear hot-melt granules were
more porous than the granules prepared from
hot-melt extruded tablets, which contributed to
the good adhesion properties of the granules pre-
pared by high shear hot-melt granulation, result-
ing in harder tablets. Drug release rate from these
tablets increased with increasing CPM concentra-
tion in the tablets.

3.2. Plasticization efficiency

The temperature and heat capacity calibration
for MDSC was carried out utilizing indium as the
standard prior to sample analysis (Coleman and
Craig, 1996; Ferrero et al., 1999; Hill et al., 1998).
For Eudragit® RS PO and the mixture of this
acrylic polymer with either chlorpheniramine
maleate or triethyl citrate, the transition tempera-

ture range was approximately 30 °C. With the
heating rate of 5 °C/min, 6 cycles across the
width of the transition were obtained. The glass
transition temperature of Eudragit® RS PO was
determined to be 67.4 °C using MDSC. A value
of 61.5 °C determined by DSC using a scanning
rate of 10 °C/min has been reported by other
investigators (Lovrecich et al., 1996). The differ-
ence between the two T, values may be due to the
different methodologies used to experimentally
determine this property. The data in Fig. 7
demonstrate that the glass transition temperatures
of blends of Eudragit® RS PO and TEC decreased
as a function of the percentage of TEC added to
the formulations. Plasticizer efficiency is a func-
tion of the 7, of the plasticized polymer. A linear
relationship between glass transition temperature
and percent TEC in Eudragit® RS PO was ob-
served within the TEC concentration range of
0-12%. The glass transition temperature de-
creased 2.70 °C for each percentage of TEC
present in the polymer. Above 12% TEC in the
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Eudragit® RS PO, the polymer agglomerated and
could not be processed. A single glass transition
temperature was observed for the mixtures of
Eudragit® RS PO and TEC, indicating miscibility
between the two materials.

As shown in Fig. 7, the glass transition temper-
ature of the acrylic polymer decreased as the
concentration of CPM in the sample increased. A
single glass transition temperature was also ob-
served for the blends of Eudragit® RS PO and
CPM, indicating miscibility. The glass transition
temperature decreased approximately 1.31 °C for
each percentage of CPM in Eudragit® RS PO.
These results indicated that the plasticization effi-
ciency of CPM was approximately half that of the
TEC. Both CPM and TEC exhibited a plasticiza-
tion effect on Eudragit® RS PO, suggesting that
lower processing temperatures can be used during
hot-melt extrusion of a powder blend containing
these materials.

3.3. Morphology studies on granules following
thermal processing

The surface morphologies of drug and polymer
physical blend as well as granules formed by the
hot-melt processes are displayed in Fig. 8. A SEM
of a physical mixture of CPM and Eudragit® RS
PO in Fig. 8(A) shows that particles of CPM were
adsorbed on the surface of Eudragit® RS PO
particles. When 4% TEC was incorporated into
the physical mixture, CPM particles adhered to

80

y=-1.305x + 68.47
R2=0.9695
60

40

Tg (C)

y=-2.705x + 68.83

R2=10.9861
20

% of CPM or TEC

Fig. 7. Glass transition temperature of Eudragit® RS PO as a
function of chlorpheniramine maleate and triethyl citrate level,
determined by MDSC (n = 3). (A): chlorpheniramine maleate;
(O): triethyl citrate.

the swollen surface of the Eudragit® RS PO as
shown in Fig. 8(B). The binding of the CPM to
the acrylic polymer contributes to the decrease in
drug dissolution rate as the TEC concentration in
the directly compressed tablet formulation was
increased. Fig. 8(C) and (D) show the SEM pho-
tographs at two magnifications of granules con-
taining TEC plasticized CPM and Eudragit® RS
PO blends prepared by a high shear hot-melt
granulation process. The lower magnification
photograph (C) shows a typical porous granule
formed after high shear hot-melt granulation. At
higher magnification (D), the porous structure of
granules formed from the fusing of drug and
polymer particles following thermal processing is
shown. Fig. 8(E) and (F) show the SEM photo-
graphs of hot-melt extruded granules of TEC
plasticized CPM and Eudragit® RS PO powder
blends at two magnifications. These two photo-
graphs display a fused granule containing drug
and polymer following hot-melt extrusion. These
SEMs suggest a homogeneous distribution of the
CPM in the acrylic polymer and demonstrate that
hot-melt extrusion technology is a thermal pro-
cessing method that can be employed to prepare
CPM-Eudragit® RS PO solid solutions.

4. Conclusions

Controlled release matrix tablets containing
CPM and Eudragit® RS PO were successfully
prepared using hot-melt extrusion and high shear
hot-melt granulation techniques. The effects of
TEC levels on drug release rates were dependent
on the thermal processing method used to prepare
the solid composite. As TEC levels increased, the
drug release rates decreased for tablets prepared
by either direct compression or from granules
made by high shear hot-melt granulation. In con-
trast, drug release rates increased with increasing
TEC levels for the hot-melt extruded tablets. The
CPM content in the tablets influenced the drug
release rates from tablet formulations, resulting in
an increased drug release rate with increasing
amounts of CPM irrespective of preparation
method. Granules prepared via high shear hot-
melt granulation formed a porous discontinuous
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(E)

(F)

Fig. 8. SEM photographs. (A) Physical mixture of chlorpheniramine maleate and Eudragit® RS PO; (B) physical mixture of
chlorpheniramine maleate, Eudragit® RS PO, and triethyl citrate; (C, D) high shear hot-melt granules containing triethyl citrate
plasticized Eudragit® RS PO and chlorpheniramine maleate at two magnifications; (E, F) hot-melt extruded granules containing
triethyl citrate plasticized Eudragit® RS PO and chlorpheniramine maleate at two magnifications.

matrix structure, thus resulting in faster drug
release rates. In comparison, CPM was homoge-
nously dispersed in the hot-melt extruded tablets
resulting in a slower and more controlled release
of drug. The acrylic polymer was plasticized in
situ by both the CPM and the TEC during ther-
mal processing, and the plasticization efficiency
of TEC was shown to be twice that of CPM.

The influence of both CPM and TEC levels
on the drug release rate from these polymeric
drug delivery systems was shown to be a func-
tion of whether the granules or tablets were
formed by either hot-melt granulation or hot-
melt extrusion, as well as the plasticization ef-
fects of both TEC and CPM on the acrylic
polymer.



310 Y. Zhu et al. / International Journal of Pharmaceutics 241 (2002) 301-310

References

Bodmeier, R., Paeratakul, O., 1990. Propranolol HCI release
from acrylic films prepared from aqueous latexes. Int. J.
Pharm. 59, 197-204.

Bodmeier, R., Paeratakul, O., 1991. Determination of plasti-
cizers commonly used in pharmaceutical dosage forms by
high performance liquid chromatography. J. Liquid Chro-
matogr. 14, 365-375.

Bodmeier, R., Paeratakul, O., 1992. Leaching of water soluble
plasticizers from polymeric films prepared from aqueous
colloidal polymer dispersions. Drug Dev. Ind. Pharm. 18,
1865-1882.

Boza, A., Caraballo, 1., Alvarez-Fuentes, J., Rabasco, A.M.,
1999. Evaluation of Eudragit® RS-PO and Ethocel® 100
matrices for the controlled release of lobenzarit disodium.
Drug Dev. Ind. Pharm. 25, 229-233.

Coleman, N.J., Craig, D.Q.M., 1996. Modulated temperature
differential scanning calorimetry: a novel approach to
pharmaceutical thermal analysis. Int. J. Pharm. 135, 13—
29.

Ferrero, M.C., Velasco, M.V., Ford, J.L., Rajabi-Siahboomi,
A.R., Muifioz, A., Jiménez-Castellanos, M.R., 1999. Deter-
mination of the glass transition temperatures of some new
methyl methacrylate copolymers using modulated tempera-
ture differential scanning calorimetry (MTDSC). Pharm.
Res. 16, 1464—1469.

Flosser, A., Kolter, K., Reich, H.B., Schepky, G., 2000.
Variation of composition of an enteric formulation based
on Kollicoat MAE 30D. Drug Dev. Ind. Pharm. 26,
177-187.

Goracinova, K., Klisarova, L.J., Simov, A., 1995. Physical
characterization and dissolution properties of vera-
pamil. HCI coprecipitates. Drug Dev. Ind. Pharm. 21, 383—
391.

Gutierrez-Rocca, J.C., McGinity, J.W., 1994. Influence of
water soluble and insoluble plasticizers on the physical and
mechanical properties of acrylic resin copolymers. Int. J.
Pharm. 103, 293-301.

Hatakeyama, T., Quinn, F.X., 1999. Thermal Analysis: Fun-
damentals and Applications to Polymer Science. Wiley,
Chichester.

Higuchi, T., 1963. Mechanism of sustained-action medication.
Theoretical analysis of rate of release of solid drugs dis-
persed in solid matrices. J. Pharm. Sci. 52, 1145-1149.

Hill, V.L., Craig, D.Q.M., Feely, L.C., 1998. Characterisation
of spray-dried lactose using modulated differential scan-
ning calorimetry. Int. J. Pharm. 161, 95-107.

Hines, A.L., Maddox, R.N., 1985. Mass Transfer: Fundamen-
tals and Applications. Prentice Hall PRT, New Jersey.

Lovrecich, M., Nobile, F., Rubessa, F., Zingone, G., 1996.
Effect of aging on the release of indomethacin from solid
dispersions with Eudragits. Int. J. Pharm. 131, 247-255.

McGinity, J.W., Koleng, J.J., Repka, M.A., Zhang, F., 2000.
In: Swarbrick, J., Boylan, J.C. (Eds.), Encyclopedia of
Pharmaceutical Technology. Marcel Dekker, New York,
pp. 203-226.

Mulye, N.V., Turco, S.J., 1994. Matrix type tablet formulation
for controlled release of highly water soluble drugs. Drug
Dev. Ind. Pharm. 20, 2633-2643.

Palmieri, G.F., Lovato, D., Martelli, S., 1999. New controlled-
release ibuprofen tablets. Drug Dev. Ind. Pharm. 25, 671—
677.

Rauwendaal, C., 1994. Polymer Extrusion. Hanser/Gardner
Publications, Cincinnati.

Repka, M.A., McGinity, J.W., 2000a. Influence of vitamin E
TPGS on the properties of hydrophilic films produced by
hot melt extrusion. Int. J. Pharm. 202, 63—70.

Repka, M.A., McGinity, J.W., 2000b. Physical-mechanical
moisture absorption and bioadhesive properties of hydrox-
ypropylcellulose hot-melt extruded films. Biomaterials 21,
1509-1517.

Repka, M.A., McGinity, J.W., 2001a. Bioadhesive properties
of hydroxypropyl cellulose topical films produced by hot
melt extrusion. J. Controlled Release 70, 341-351.

Repka, M.A., McGinity, J.W., 2001b. Influence of chlorpheni-
ramine maleate on topical hydroxypropylcellulose films
produced by hot-melt extrusion. Pharm. Dev. Tech. 6,
297-304.

Sanghavi, N.M., Bijlani, C.P., Kanath, P.R., Sarwade, V.B.,
1990. Matrix tablets of salbutamol sulphate. Drug Dev.
Ind. Pharm. 16, 1955-1961.

Sears, J.K., Darby, J.R., 1982. The Technology of Plasti-
cizsers. Wiley, New York.

Wang, C.C., Zhang, G., Shah, N.H., Infeld, M.H., Malick,
A.W., McGinity, J.W., 1997. Influence of plasticizers on
the mechanical properties of pellets containing Eudragit
RS 30 D. Int. J. Pharm. 152, 153-163.

Wheatley, T.A., Steuernagel, C.R., 1997. In: McGinity, J.W.
(Ed.), Aqueous Polymeric Coating for Pharmaceutical
Dosage Forms. Dekker, New York, pp. 1-54.

Wilson, A.S., 1995. Plasticisers: Principles and Practice. The
Institute of Materials, London.

Wu, C., McGinity, J.W., 1999. Non-traditional plasticization
of polymeric films. Int. J. Pharm. 177, 15-27.

Zhang, F., McGinity, J.W., 1999. Properties of sustained-re-
lease tablets prepared by hot-melt extrusion. Pharm. Dev.
Tech. 4, 241-250.

Zhang, F., McGinity, J.W., 2000. Properties of hot melt
extruded theophylline tablets containing polyvinyl acetate.
Drug Dev. Ind. Pharm. 26, 931-942.



	Solid-state plasticization of an acrylic polymer with chlorpheniramine maleate and triethyl citrate
	Introduction
	Materials and methods
	Materials
	Preparation of high shear hot-melt granules
	Preparation of hot-melt extruded tablets
	Preparation of hot-melt extruded granules
	Tablets preparation
	Dissolution studies
	HPLC method for TEC
	Modulated differential scanning calorimetry
	Scanning electron microscopy

	Results and discussion
	Plasticization and drug release
	Influence of TEC concentration on drug release
	Influence of CPM concentration on drug release

	Plasticization efficiency
	Morphology studies on granules following thermal processing

	Conclusions
	References


