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This study was performed in order to develop a sustained-
release pellet formulation containing venlafaxine hydrochloride
(VEN), an extremely water-soluble drug, prepared by combina-
tion of wax matrices and double-layer coatings. The influence of
both double-layer polymeric coats and wax matrices on the
release of VEN from sustained-release pellets was investigated.
The pellets were prepared by wet mass extrusion spheronization
methods and then coated with a fluidized bed coater. For the pel-
lets coated with Eudragit® NE30D alone, a coating level of nearly
40% was required to pass the dissolution test compared with
commercial product, and it was accompanied by an unacceptable
lag time. The application of an alcohol-soluble polymeric subcoat,
Opadry® |, was added before the Eudragit® NE30D coating pro-
cess, which resulted in amarked delay in drug release. However, a
faster release was observed for the formulation coated with a high
subcoat level (10%) at the end of the dissolution test. A further
delay in drug release was observed when a wax matrix, octade-
canol, was added to the core pellet formulation. The kinetics of
drug release changed from the Higuchi model to a zero order
model and the predominant mechanism controlling drug release
changed from diffusion to dissolution upon increasing the amount
of octadecanol within the matrix pellets. In addition, the drug
release was markedly influenced by the drug to matrix ratio. In
conclusion, the 40% drug-loaded core pellets with double-layer
coatings (8% Opadry® | and 12% Eudragit® NE30D) and 20%
octadecanol matrix produced the desired profile for once-daily
sustained release compared with the commercial product, and
these pelletsremained stable during storage.

Keywords subcoat; Eudragit® NE30D; Opadry® I; wax matrix;
sustained-rel ease pellet

INTRODUCTION

It is generally agreed upon that multiple unit controlled-
rel ease dosage forms such as pellets offer some biopharmaceu-
tical advantages, particularly regarding the duration and the
individua reproducibility of gastric emptying, in comparison

Address correspondence to Xing Tang, Department of Pharma-
ceutics, Shenyang Pharmaceutical University, Wen Hua Road, No.
103, Shenyang 110016, P. R. China. E-mail: tina.drug@hotmail.com

with larger single-unit dosage forms (Hamdani, Moés, &
Amighi, 2002). Coating pellets with a polymer is commonly
used for controlling the drug rel ease rate from extended-rel ease
formulations (Heng, Hao, Chan, & Chew, 2004). A consider-
able amount of work has been devoted to the description of
drug release from coated pellets (Goran, Asa, & Goran, 2003;
Ozturk, Ozturk, Palsson, Wheatley, & Dressman, 1990).
Several authors have reported that due to the migration of the
water-soluble drug into the aqueous film during the coating
process, highly water-soluble drugs require higher polymer
coating levels than poorly soluble compounds for sustained or
delayed drug release, which resultsin alonger lag time for initial
release (Diane, Koleng, & McGinity, 2003; Ghebre-sellassie,
Gordon, Neshitt, & Fawzi, 1987; Li, Feld, & Kowarski, 1997;
Rekhi, Porter, & Jambhekar, 1995). An organic polymer coat-
ing solution can be used to avoid this problem by lowering
drug solubility in organic coating solvents (Umprayn, Chitro-
pas, & Amarekajorn, 1999). The current commercial product
of venlafaxine hydrochloride (Effexor® XR), a unique antide-
pressant equivalent to venlafaxine 75 mg in the form of
extended-release pellets, consists of venlafaxine hydrochlo-
ride, microcrystalline cellulose (MCC), and, optionally,
hydroxypropylmethylcellulose coated with a mixture of ethyl
cellulose and hydroxypropylmethylcellulose in a mixed
organic system of methylene chloride and anhydrous metha-
nol (Sherman, Clark, Lamer, & White, 2002). To avoid the
use of toxic organic solvents, at least for outer coating on
core pellets, subcoating, an alternative method for reduction
of the outer coating load, has been proposed by several
researchers, particularly in the patent literature (Lovgren
et al., 1988). However, most of the current literature seemsto
focus on the mechanisms of subcoating used as a barrier
between an enteric film coating and an acid labile drug, such
as omeprazole, to prevent its degradation (Bergstrand &
Wang, 2002; Diane, Koleng, et al., 2003; Diane, Petereit,
Beckert, & McGinity, 2003).

In addition to the effect of subcoating on lowering the
coating load and shortening the lag time, drug release rates
from film-coated dosage forms are also influenced by the
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composition of the pellet core formulation. Octadecanol, a
nonbiodegradable fatty alcohol matrix that is insoluble in
water, could be used for the preparation of prolonged-release
dosage forms with the particular advantage of chemical inert-
ness to other materials (Mine, Evren, & Gokhan, 2006; Otsuka
& Matsuda, 1994; Sato, Miyagawa, Okabe, Miygima, &
Sunada, 1997). However, severa studies have shown that a
higher level of wax matrix is needed to obtain a desired release
profile, especially for highly water-soluble drugs like phenyle-
phrin hydrochloride (Hamdani et al., 2002), whereas both
extrusion and spheronization are very difficult to control dueto
an imbalance in the granulating liquid required for proper plas-
ticity of the wet mass, which limits the use of wax matrices. In
our study, a comparatively low content of wax matrix was
usedto control the drug release, mainly by a double-layer
membrane to avoid these problems.

In the present study, the in vitro release characteristics of
double-layer coated pellets of venlafaxine hydrochloride
(VEN) incorporating wax matrices were evaluated in order to
obtain an optimized formulation. The objectives of the current
research were to investigate the influence of the polymeric
subcoating and the matrix material, octadecanol, on the
release profile of the extremely water-soluble drug, VEN,
from pellets coated with Eudragit® NE30D. Since drug release
rates are somewhat dependent on the drug to lipid excipient
ratio within the matrix, the drug release from matrix pellets
containing the required amount of octadecanol with different
doses was aso evaluated. It was also our intention to gain
further knowledge about the drug release mechanism for this
type of drug delivery system. Moreover, the thermal effects
associated with octadecanol-based dosage forms also need to
be well understood in order to avoid any alterations in drug
rel ease during storage.

MATERIALS AND METHODS

Materials

VEN was purchased from Chengdu Kanghong Pharmaceu-
tica Co. Ltd., China MCC PH101 was purchased from
Huzhou Zhanwang Pharmaceutical Co. Ltd., China. Octade-
canol was purchased from Shanghai AOKE Chemical Co. Ltd.,
China. Eudragit® NE30D (methyl methacrylate and ethyl
acrylate monomers) was supplied by Réhm Pharma GmbH,
Germany. Opadry® | was purchased from Colorcon. All other
chemicals were commercial products of reagent grade.

Drug-Excipient Interaction Studies

The possibility of drug-excipient interactions was investi-
gated by differential scanning calorimetry (DSC; TA-60WS,
Shimadzu, Japan). The DSC thermograms of pure drug, indi-
vidual excipients, and drug-excipient mixtures were recorded.
The samples were separately sealed in auminium cells and
placed in athermal analyzer. The thermal analysiswas performed
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in a nitrogen atmosphere at a heating rate of 10°C/minute over a
temperature range of 30°C to 300°C.

Preparation of Drug-Loaded Pellets

A VEN pellet formulation containing 40% w/w VEN
and 60% w/w MCC (PH101) was mixed for 15 minutes.
Water was added as the granulation liquid to prepare a
wet mass, which was then extruded using a Granulator
(WL350, Wenzhou Pharmacy Equipment Factory, China)
with a 1.2 mm screen on a laboratory scale (1.0 kg). The
extrudates were spheronized for 15 minutes in a spheronizer
(WL 350, Wenzhou Pharmacy Equipment Factory, China) and
the beads were dried at 40°C for 24 hours and then sized using
16 to 24 screens.

Pellets were prepared with increasing amounts of 10%,
20%, and 40% w/w VEN containing wax matrix octadecanol
of the same size range. Also, for comparison, pellets composed
of 10% (w/w) VEN and 90% MCC (PH101) were prepared
using the same procedure. The composition of these pelletsis
shown in Table 1.

Preparation of Polymeric Film Coatings

A 30% wi/w dispersion of Eudragit® NE30D was diluted to
afinal solid content of 15% w/w based on dry polymer weight.
Talc was added to the coating dispersion, 50% w/w based on
the polymer dry weight. The suspension was equilibrated for at
least 30 minutes prior to coating.

The wet mass extruded pellets were subcoated with
Opadry® |, which was prepared by adding the polymer to 80%
v/v acohol with a solid content of 8% w/v and using avariable
speed mixer (HJ-4, Guohua Group, China) for 45 minutes prior
to coating.

All the coating processes were performed using a fluidized
bed coater (FD-MP-01, Powrex, Japan) on a laboratory scale
(0.5 kg) and under the operating conditions given in Table 2.
The coating formulations were stirred throughout the coating
process. The outer coated pellets were cured for 24 hoursin an
oven with an air-circulating fan at 40°C and stored in a desic-
cator before starting the dissolution studies.

TABLE 1
Composition of Pellets Prepared by Wet Mass
Extrusion and Spheronization

Formulations
Additive (%) Composition I in m v v
VEN 10 10 10 20 40
Octadecanol - 20 40 20 20
MCC 90 70 50 60 40
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TABLE 2
Polymer Film Coating Processing Conditions

Conditions Eudragit® NE30D Opadry® |
Inlet temp (°C) 35 40
Outlet temp (°C) 28-30 35
Spray rate (ml/min) 8 10

Drug Release Studies

In vitro release was studied using a United States Pharma-
copeia (USP) XXIII type 1 dissolution test apparatus in puri-
fied water for a period of 24 hours. In this, the 900 ml of
dissolution medium was kept at 37 + 0.5°C, and the rotating
speed was 100 rpm. The effect of polymer coats and pellet for-
mulation on the release of VEN was studied. Ultraviolet (UV)
spectrophotometry was used as the method of analysis and the
detection wavelength was 274 nm.

Drug Content Analysis

The samples were assayed by high-performance liquid chro-
matography (HPLC). Quantities (750 mg) of each batch of coated
pellets were weighed accurately and added to a 250-ml volumet-
ric flask containing 180 ml methanol. After 30 minutes of ultra-
sonic extraction, the solution was diluted with methanol to 250 ml
and then passed through a 0.45-um membrane filter. Precisely 1
ml of this solution was transferred to a 250-ml volumetric flask
and water was added to make the volume 250 ml. The sample
solution was subjected to HPLC analysis to estimate the VEN
content. The HPLC system (HITACHI D-7000) involving a C18
column (5 um, 4.6 x 150 mm; Diamonsil) consisted of an
autosampler (L-7200), two pumps (L-7100), and a UV detector
(L-7420), al interfaced with D-7000 HSM software. For the anal-
ysis of the VEN content, the mobile phase used was acetonitrile
water (20:80) containing 0.1% triethylamine (pH 3.0) with aflow
rate of 1.0 ml/minute, and the UV detector was set at 226 nm.

Scanning Electron Microscopy (SEM)

The surface and cross-section of the pellets were scattered
on mutually conductive double-sided adhesive tape placed on
an aluminum stub and gold-coated using a J-C-1200 Fine
Coater (JEOL, Japan) with a current of 20 mA for 200 seconds.
Scanning electron micrographs were imaged with an SEM
(SSX-550, Shimadzu, Japan) at an accelerating voltage of
15KV and with an emission current of 170 pA by scanning
fields randomly at severa suitable magnifications.

RESULTS AND DISCUSSION

Influence of Eudragit® NE30D Coating on Drug Release
The core pellets containing 40% w/w VEN and 60% w/w
MCC were coated only with Eudragit® NE30D at different
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coating levels based on theoretical weight gains of 10%, 20%,
30%, and 40%. Drug release from coated pellets to a great
extent depends on the coating levels of the polymeric disper-
sion applied on the core pellets as shown in Figure 1. The
dissolution data of Eudragit® NE30D coated pellets can be
described by the Higuchi model according to regression coef-
ficient result. The lag time was calculated as the x-axis inter-
cept for zero drug release, from the linear part of the
dissolution profile (15%—70% drug release). A faster release
was observed with a 20% coating level compared with a 40%,
which indicated that there was an inverse relationship between
the thickness of the polymer coat and the rate of drug release.
On the other hand, it was found that the lag time required for
the initiation of drug release became longer as the coating
thickness increased. Drug release was initiated after a 0.8
hours and 1.8 hours lag time at 30% and 40% coating levels,
respectively. In addition, the coating process was found to be
difficult to control due to intermittent adherence, which
resulted in irregularities on the surface of the pellets. This
might be attributed to migration of the highly water-soluble
VEN into the agueous film coating during film application,
where presence of the drug may lead to pore formation during
dissolution and, hence, higher coating levels being needed
(Rahman & Yuen, 2005). In addition, there was no evidence
of an interaction between drug and Eudragit® NE30D result-
ing in the need for a high coating level to obtain a satisfactory
dissolution profile during the preliminary differential scan-
ning calorimetry studies. Therefore, a seal coat or subcoat was
considered to improve the coating process and the drug
release characteristics by reducing the migration of drug to
polymer film to reduce the coating load and controlling the lag
time (Diane, Koleng, et a., 2003).
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FIGURE 1. Influence of different coating levels on in vitro venlafaxine HCI
release from the core pellets composed of 40% VEN and 60% MCC coated
with Eudragit® NE30D alone in purified water at 37°C at 100 rpm for 24
hours: (4) 10% polymer weight gain, (l) 20% polymer weight gain, (A) 30%
polymer weight gain, ((J) 40% polymer weight gain, and (A) uncoated pellets.
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Influence of Double-Layer Polymeric Coating
on Drug Release

Since VEN isdlightly solublein alcohol, the alcohol solvent
polymer system was used for sea coating. Alcohol-soluble
Opadry® | was selected as a polymeric subcoat for further
study to generate a desired release profile. Also, the commer-
cial product equivaent to VEN 75 mg in the form of extended-
release pellets was used as a reference, with the dissolution test
standard: less than 30% drug releasein 2 hours, 30% to 55% in
4 hours, 55% to 80% in 8 hours, 65% to 95% in 12 hours, and
not less than 80% in 24 hours. Moreover, drug release should
initiate within 1.0 hour according to the data calculated from
the dissolution profile, which provides 24-hour therapeutic
blood levels of the drug. In order to investigate the influence of
double-layer coating on drug release properties and, particu-
larly, the influence of the subcoat Opadry® | on the reduction of
outercoat Eudragit® NE30D weight gain, the amount of VEN
released in purified water for 24 hours from different coating
levels and the composition of coating formulations with core
pellets composed of 40% w/w VEN and 60% w/w MCC were
studied, as shown in Table 3. The release rates K of the fits of
VEN release data to different kinetic models for formulations
A through E are shown in Table 4. In order to reduce the influ-
ence of lag time and declining rate phase on the fits of the
kinetic models, the data between 15% and 70% were used for
modeling drug release. The lag time t,, for pellets coated with
double-layer coats was calculated from the x-axis intercept

TABLE3
Coating Composition and Coating Levels of Core Pellets
with 40% w/w VEN and 60% w/w MCC

Coating Formulations

Coating Level (%) [ i iii iv v
Opadry® | 6 8 8 8 10
Eudragit® NE30D 12 9 12 15 12
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when the amount of drug released was zero. Correlation coeffi-
cients R? of the fits of VEN release data to different kinetic
models are also shown in Table 4. The correlation coefficients
for the best statistical fits reveal that the Higuchi/square root
time model is probably the most suitable model for all the
release data, suggesting that diffusion is arate-limiting step in
the release (Ritger & Peppas, 1987).

Figure 2 shows the plots of the release of VEN from pellets
coated with 6%, 8%, and 10% Opadry® | at the equivalent 12%
Eudragit® NE30D outercoating (formulations A, C, and E). A
faster initial release was observed with 6% compared with 10%
Opadry® | coating levels: 34.6% and 9.8% of VEN release in
2 hours, respectively. Obviously, the seal effect on migration
of VEN to polymer Eudragit® NE30D increased with increas-
ing thickness of Opadry® |. However, the release rate of 10%
Opadry® |—coated pellets and the percentage drug release from
pellets were both increased and even more than the data at 6%
and 8% coating levels at the end of dissolution. This might be
due to the composition of Opadry® | which consists of approx-
imately 91% w/w hydroxypropyl methylcellulose (E-6) and 9%
w/w polyethylene glycol (Porter & Woznicki, 1985). At the ini-
tial stage of dissolution, a higher Opadry® | level resulted in a
longer diffusion path length for drug release, and the lag time for
the initia drug release was thereby increased. As water influx
into the sed layer increased, Hydroxypropylmethylcellulose
(HPMC) hydrated and formed a gel, leading to the increasing
subcoat thickness (Sadeghi, Ford, Rubinstein, & Raabi-Siah-
boomi, 2000). Therefore the increasing subcoat thickness might
increase the tensile stress over the outercoating membrane,
thereby increasing the permeability of the dissolved drug mole-
cules, which even overcame the diffusion barrier of the seal coats,
and findly, increased the drug release rate. With the greater
HPMC erosion in the oversubcoat formulation during the dissolu-
tion test, the increased pore formation on the subcoat might
increase the porosity within the pellets and facilitate drug dissolu-
tion. The latter would consequently increase the extent of drug
release from the pellets. SEM of a cross-section of pellets coated
with 8% Opadry® | subcoating and 12% Eudragit® NE30D
outercoating showed a thin coating layer after 8 hours in the

TABLE4
Drug Release Rate Constants K and Correlation Coefficients R? Obtained from Data
Corresponding to 15% to 70% for Formulation A through E

Formulation

Model [ i iii iv v
Zero-order K (%h™ 18.6 20.1 13.3 8.6 11.6

R? 0.9775 0.9751 0.9837 0.992 0.9951
Square root K (%-h™?) 60.7 65.5 52.8 39.6 48.6

R? 0.9923 0.9911 0.9917 0.9975 0.9991
First-order K (h™h 0.45 0.52 0.26 0.24 0.24

R? 0.9202 0.9008 0.9631 0.9178 0.9692
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FIGURE 2. Effect of Opadry® | subcoating loads on the drug release of
pellets composed of 40% (w/w) VEN and 60% (w/w) MCC coated with 12%
Eudragit® NE30D outercoating: () 6% polymer weight gain, (M) 8% polymer
weight gain, and (A) 10% polymer weight gain.

dissolution test shown in Figure 3, which might explain the leak-
age of the Opadry® | coating film undergoing the dissol ution test.

Figure 4 shows the plots of the release of VEN from pellets
coated with 9%, 12%, and 15% Eudragit® NE30D at the equiv-
aent 8% Opadry® | subcoating (formulations B, C, and D).
Similar to pellets coated only with Eudragit® NE30D, the
amount of VEN release was reduced at each coating composi-
tion as the Eudragit® NE30D coating loadsincreased. At ahigh
coating load of 15%, only about 4% and 47% of VEN was
released in 2 hours and 6 hours, respectively, whereas those
pellets coated to weight increases of 12% and 9% released
about 12% and 32% in 2 hours and 73% and 83% in 6 hours,
respectively. After examining the coated surface of both pellet
types using SEM, it was found that the surface of the pellets
coated with 15% Eudragit® NE30D was comparatively
smoother than that of pellets with a 12% coating level as
shown in Figure 5. This might be due to the continuous layer-
ing of coating material on the surface of the pellets as more
layers of film are applied and, hence, the holes from overlap-
ping films are gradually blocked, leading to a reduction in
dissolution rate. However, much less drug was released from
pellets with double-layer coats compared with that of pellets
coated with Eudragit® NE30D aone at the equivalent total
coating loads. The release rate from formulation C was three
times slower than for pellets coated with Eudragit® NE30D
alone at the 20% coating load. At the equivalent 20% total
coating level, more than 90% VEN was released from pellets
with the seal coat Opadry® | after 12 hours, whereas it was
4 hours for the formulation with Eudragit® NE30D coating
aone, indicating the marked effect of Opadry® | subcoats on
reducing the Eudragit® NE30D coating level by reducing drug
migration into outer coats.

The drug release from pellet formulations coated with 8%
Opadry® | and 12% Eudragit® NE30D (formulation C) was
found to be a little faster than commercial product (55%) in
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FIGURE 3. Micrographs of cross-sections of VEN pellets coated with 8%
Opadry® | subcoating and 12% Eudragit® NE30D outercoating (formulation C;
magnification x1000): (A) before dissolution and (B) after 8 hours dissol ution.
(¢=—) = double-layer coats.

4 hours, whereas there was an unacceptable lag time (1.3
hours) for drug release from these pellets with an additional
3% Eudragit® NE30D to 15% coating load (formulation D).
Furthermore, for optimizing products, a portion of the
uncoated pellets or pellets with alower coating level had to be
added to the batch (formulation D) to provide, after thorough
mixing, a loading dose for a rapid increase of initial release,
which increased the complexity of the production process.
Alternatively, a shorter lag time could be obtained by using a
mixture of polymer film and a small amount of drug or water-
soluble substrate (Rahman & Y uen, 2005), which might not be
suitable for a highly water-soluble drug (Li, Mehta, Buehler,
Grim, & Harwood, 1990), such as VEN. Although it is a com-
plex manufacturing process, adding another layer containing
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FIGURE 4. Effect of Eudragit® NE30D outercoating loads on the drug
release of pellets composed of 40% (w/w) VEN and 60% (w/w) MCC coated
8% weight gain of Opadry® | subcoating: (4) 9% polymer weight gain, (M)
12% polymer weight gain, and (A) 15% polymer weight gain.

drugs may also allow faster onset of drug release as a loading
dose (Allen, Allen, Popovich, & Ansel, 2005). In our study, a
fatty alcohol, octadecanol, was added to pellet formulations to
modify the release of drugs from systems coated with double-
layer polymers (8% Opadry® | and 12% Eudragit® NE30D)
and to shorten the lag time by applying a comparatively lower
coating load to obtain a satisfactory release rate.

Influence of Pellet Formulation on Drug Release

Instead of using a higher coating level leading to a longer
lag time, the octadecanol was incorporated into core pellet for-
mulations to improve the drug release characteristics. To
examine the effect of octadecanol on drug release profiles, pel-
lets were prepared containing different amounts of octadecanol
and VEN. The composition of the different formulations is
shownin Table 1.

Influence of Octadecanol Amount Within Matrix Pellets
on Drug Release

An increasing amount of 0%, 20%, and 40% octadecanol
was added to 10% (w/w) VEN core pellets (formulations |, |1,
and 1l in Table 1). The release profiles of VEN from those
pellets coated with 8% Opadry® | and 12% Eudragit® NE30D
are shown in Figure 6. The total amount of VEN release
decreased as the amount of octadecanol in core pellets
increased. The release rates K and correlation coefficients R? of
thefits of release datato the different kinetic models are shown
in Table 5. The lag time t,,, for pellets with double-layer coats
was also calculated from the x-axis intercept when the amount
of drug released was zero. The lag time increased and the rate
of drug release decreased upon increasing the lipid excipient
content within the matrix pellets, irrespective of the kinetic
model used. The reduction in release rate accompanied by the
increasing octadecanol amount may be due to the reduced drug
dissolution from the sustained-release pellets by incorporating

L. TIAN ET AL.

(8)

FIGURE 5. Micrographs of VEN pellets coated with different Eudragit®
NE30D coating weights at 8% Opadry® | subcoating load (magnification x
200): (A) 12% w/w Eudragit® NE30D coating load and (B) 15% w/w Eudragit®
NE30D coating load.

VEN into the inert water-insoluble wax matrix material, octa-
decanol. However, as the percentage of octadecanol was
increased up to 40%, the drug release kinetic model changed
from the Higuchi to the zero-order model, which provided the
best fit for the data. According to Ford and colleagues (1991)
and Ritger and Peppas (1987), to evauate the mechanism of
drug release, dissolution data need to be analyzed using Equa-
tion 1, in which Q is the percentage of drug released at timet,
K is the release rate constant, t,,, is the lag time, and n is the
release exponent indicating the mechanism of drug release.
The Higuchi and zero-order models may be special cases of
Equation 1

Q= K(t—tlag)n (1)
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FIGURE 6. Influence of different octadecanol contents within 10% (w/w)
VEN core pellets coated with 8% weight gain Opadry® | subcoating and 12%
weight gain Eudragit® NE30D outercoating on drug release in purified water at
37°C at 100 rpm for 24 hours: (4) without octadecanol, () 20% octadecanol,
and (A) 40% octadecanal.

wheren = 0.5 and n = 1, indicating that diffusion or dissolu-
tion is the predominant mechanism controlling the release of
drug from pellets, respectively. At 40% octadecanol, due to the
increased difficulty of drug dissolution from the core pellets,
diffusion of drug through the polymeric coat film seems not to
be a major rate-limiting step in the release process; therefore,
the rate of dissolution of the drug particles largely controls the
release mechanism. Since the higher content with 40% octade-
canol seemsto provide asignificant effect on release character-
istics, especialy an unacceptable lag time of about 1.5 hours
and less than 75% release in 24 hours, the formulation contain-
ing 20% octadecanal in the matrix that might lower the amount
of double-layer coats required by reducing the release rates,
was selected for further study.

Influence of VEN Content Within Matrix Pellets
on Drug Release

The dissolution profiles of different drug contents within
20% (w/w) octadecanol matrix pellets coated with 8% weight
gain Opadry® | subcoating and 12% weight gain Eudragit®
NE30D outercoating (formulations I, 1V, and V in Table 1)
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are shown in Figure 7. Increasing the VEN content increased
with the amount of drug release. The release rates K and corre-
lation coefficients R? of the fits of release datato the different
kinetic models are also shown in Table 5. The lag time t,,, for
pellets with double-layer coats was aso caculated, as
described above. At adrug content of 10% and 40%, the drug
release rate from pellets increased from about 38.3 to 48.7,
while the lag time decreased from about 1.3 to 0.8 hours. This
is probably explained by the different osmotic effects depend-
ing on the amount of soluble drug. The high drug content for-
mulation is expected to induce a higher osmotic influx rate of
water into the pellet and, at the same time, produce a more
rapid expansion of the surrounding membrane. Another effect
that may contribute to the different lag times is the tensile
stresses in a membrane of the present type, which have been
shown to increase the permeability of dissolved drug mole-
cules (Hjartstam, Borg, & Lindstedt, 1990). The correlation
coefficients R? for the best statistical fits revealed that the
Higuchi kinetic model is probably the model most applicable
to all the release data. In the comparison of different drug
contents (formulations 11, 1V, and V), it was observed that the
drug content within matrix pellets had no apparent effect on
the Higuchi kinetics of drug release. In the case of formulation
V where the pellets were loaded with 40% w/w VEN coated
with a double-layer coating system containing 20% lipid
matrix, the drug release profile satisfied the dissolution
test compared with commercia product providing a sus-
tained-release profile, following Higuchi release kinetics with
an r value of 0.995.

Influence of Thermal Treatment on Drug Release

After the pellets subcoated with Opadry® | were stored at
40°C for 24 hours, the Eudragit® NE30D coating process was
difficult to carry out since the pellets were defluidized due to
the electrostatic charges that had developed on the surface of
the pellets. So the subcoated pellets were not suitable for stor-
age at high temperatures for long periods.

The optimized formulation V was chosen for the stability
study. The drug release of coated pellets initialy and after

TABLES
Drug Release Rate Constants K and Correlation Coefficients R? Obtained from Data Corresponding
to 15% to 70% for Formulation | through V

Formulation

Model | 1 Il v \Y
Zero-order K (%-h™) 10.8 8.3 8.3 9.0 11.6

R? 0.9883 0.9897 0.9982 0.9792 0.9935
Square root K (%-h‘l’z) 455 38.3 38.0 41.4 48.8

R? 0.9967 0.9992 0.9896 0.995 0.9966
First-order K (h™) 0.27 0.24 0.18 0.21 0.26

R? 0.9516 0.9177 0.8358 0.913 0.9644
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FIGURE 7. Influence of different drug contents within 20% (w/w)
octadecanol matrix pellets coated with 8% weight gain Opadry® | subcoating
and 12% weight gain Eudragit® NE30D outercoating on drug release in
purified water at 37°C at 100 rpm for 24 hours: () 10% VEN, (m) 20% VEN,
and (A) 40% VEN.

1 month of storage at 40°C in an oven indicated a negligible
change in the dissolution profiles, which still satisfied the
dissolution standard: less than 30% drug release in 2 hours,
30% to 55% in 4 hours, 55% to 80% in 8 hours, 65% to 95% in
12 hours, and not less than 80% in 24 hours, and the rate of
drug release seemed to be stable during storage.

CONCLUSIONS

In this study, the VEN wax matrix sustained-release pel-
lets with double-layer coatings were developed to obtain a
satisfactory profile for once-daily sustained release. The
polymeric subcoat Opadry® | played an important role in
preventing migration of the highly water-soluble drug into
the outer coating and, thus, avoided the use of atoxic organic
solvent, at least for the outer coating. Incorporation of a
comparatively lower amount of octadecanol into the pellet
core was effective in retarding drug release. However, as the
amount of octadecanol increased, the mechanism tended to be
dissolution-controlled release. The high dose VEN pellets
might to some extent overcome the longer lag time, which
was used for the production of matrix pellets. In the opti-
mized formulation V, the 40% VEN wax matrix core pellets
containing 20% octadecanol with relatively lower coating
levels (8% Opadry® | and 12% Eudragit® NE30D), allowed a
faster onset of drug release within about 1 hour, a suitable
rate for prolonged drug release, and comparatively complete
release of more than 90% in 24 hours, and these were found
to be stable during storage.
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