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ABSTRACT

The purpose of the present study was to investigate incor-

poration of hydrophobic (ie, waxy) material into pellets using

a thermal sintering technique and to evaluate the pellets in

vitro for controlled release. Pellets prepared by extrusion-

spheronization technology were formulated with a water-

soluble drug, microcrystalline cellulose, and carnauba wax.

Powdered carnauba wax (4%-20%) prepared by grinding or

by emulsification was studied with an attempt to retard the

drug release. The inclusion of ground or emulsified carnau-

ba wax did not sustain the release of theophylline for more

than 3 hours. Matrix pellets of theophylline prepared with

various concentrations of carnauba wax were sintered ther-

mally at various times and temperatures. In vitro drug re-

lease profiles indicated an increase in drug release retardation

with increasing carnauba wax concentration. Pellets prepared

with groundwax showed a higher standard deviation than did

those prepared with emulsified wax. There was incomplete

release at the end of 12 hours for pellets prepared with 20%

ground or emulsified wax. The sintering temperature and du-

ration were optimized to allow for a sustained release lasting

at least 12 hours. The optimized temperature and duration

were found to be 100°C and 140 seconds, respectively. The

sintered pellets had a higher hydrophobicity than did the

unsintered pellets. Scanning electron micrographs indicated

that the carnauba wax moved internally, thereby increasing

the surface area of wax within the pellets.

KEYWORDS: Controlled release, pellets, thermal sintering,

waxes, theophyllineR

INTRODUCTION

Using a multiple-unit dosage form such as pellets as an oral

controlled release formulation offers several advantages:

pellets disperse freely in the gastrointestinal tract and thus

maximize drug absorption, reduce peak plasma fluctua-

tions, and minimize side effects; high local concentrations

of drug are avoided; there is flexibility in the development

of oral dosage forms as pellets, so different drug substances

(eg, incompatible drugs) can be formulated and blended

into a single dosage form; and immediate- and controlled-

release pellets can be mixed to achieve the desired release

pattern. Matrix pellet formulations offer the advantage of a

1-step production procedure, as compared with coated pel-

lets. Researchers have already explored the possibilities of

using microcrystalline wax and starch mixtures as exci-

pients for the production of matrix pellets.1-3

In 2 studies by Rao et al, controlled release polymeric sys-

tems of rifampicin were prepared by mixing the drug and

ethylene vinyl acetate copolymer, which were then com-

pressed at room temperature. These matrices were exposed

at 60-C, 70-C, and 80-C for 1.5, 3, and 4.5 hours for sin-

tering. The sintering time markedly affected the drug release

properties of the ethylene vinyl acetate copolymer matrices.

The percent released decreased as the sintering temperature

was increased, for all formulations.4,5 The release followed

a diffusive mechanism, with first-order release kinetics. A

similar effect was seen when rifampicin was replaced with

theophylline6 and when ethylene vinyl acetate copolymer

was replaced with Eudragit RL100 matrices.7 In another

approach, polymeric systems for the controlled release of

drugs have been reported where macromolecular drugs and

ethylene vinyl acetate copolymer powders were mixed be-

low the glass transition temperature of the polymer and

compressed at a temperature above the glass transition point.

The macromolecular drug was not exposed to organic sol-

vent during fabrication. Kinetic studies indicated that there

was sustained release, and the bioactivity of the macro-

molecular drug was found to remain unchanged throughout

sintering and release.8 Waxes are one of the excipients being

investigated for their use in controlled release pharmaceut-

ical formulations.9 Waxes are used either as a matrix10 or as

a coating polymer so as to sustain the release of the drug.11

The use of carnauba wax in combination with Eudragit

L100 has been reported. The wax maintained its integrity,

while Eudragit L100 slowly eroded the matrix as the drug

was released.12 Carnauba wax was also used in the prepa-

ration of microspheres that were spherical and smooth and

had an extended release.13 For transforming solids into fine

particles, grinding (impact and shear) is the most common

method. It is recognized that waxes (eg, carnauba wax) that

are plastic in nature are difficult to grind.14 Another tech-

nique exploited is emulsification. No simultaneous use of

waxes and sintering for controlled release has been reported

in the literature.
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The present study involved the preparation of fine wax par-

ticles by emulsification. These fine carnauba wax particles

were incorporated and subsequently sintered thermally for a

few minutes. The effects of wax concentration, sintering

temperature, and duration on the drug release and physical

properties of pellets were studied. A release time from the

matrix pellets of 10 to 12 hours was desired.

MATERIALS AND METHODS

Materials

The active ingredient used in the study was theophylline

anhydrous (Cipla Ltd, Goa, India). The matrix material used

was carnauba wax (SD Fine Chemicals, Mumbai, India),

while microcrystalline cellulose (MCC; SD Fine Chemi-

cals) and talc (SD Fine Chemicals) were used as pelleti-

zation facilitators. Other materials used were of analytical

grade.

Methods

Preparation of Fine Particle–Sized Carnauba Wax

An emulsification of molten wax (oil-in-water) was attemp-

ted to obtain finer particles of carnauba wax. Two phases

were prepared: an aqueous phase containing purified water

(5000 mL), and a nonaqueous phase containing carnauba

wax (500 g). Tween 80 (5 g), employed as an emulsifier, was

added to the aqueous phase. Prior to emulsification, water

and carnauba wax were heated and maintained at ~90-C.

The emulsification was performed by addition of the oily

phase to the aqueous phase, maintaining the temperature at

90-C, which minimized the premature solidification of the

wax during the mixing of the 2 phases. The 2 phases were

homogenized with the help of a high-shear homogenizer

(Wadegati, Gujarat, India) at a speed of around 1500 ± 50 rpm

for ~5 minutes. The emulsion was then cooled by addition

of 5000 mL of purified water maintained at 10-C ± 5-C,

which caused the wax globules to congeal. The congealed

wax was then filtered off, washed 3 times with 1000 mL of

purified water, and vacuum-dried at 40-C for 24 hours. The

dried wax was passed through a 200# sieve. The fine wax

obtained was used for all subsequent work.

Particle Size Determination of Carnauba Wax

Particle size analysis of wax prepared by grinding or emul-

sification was performed. The powders were suspended in

glycerin, spread on slides, and observed under an optical

microscope. The 2 dimensions (ie, length and breadth) of

100 particles (in micrometers) were determined using an oc-

ular micrometer that had been calibrated against a standard-

stage micrometer.

Pellet Manufacturing

Pellets were prepared according to the formula given in

Table 1. The batch size for each formula was 250 g. Theoph-

ylline (80# sieve), MCC (80# sieve), and wax (200# sieve)

were mixed in a blender (Karnavati, Mumbai, India). The

blend was wet-agglomerated using purified water (60 mL).

The wet mass obtained was extruded through a punched

metal sieve (1.00 mm) manually. The extrudates obtained

were processed in a spheronizer (Fuji Paudal, Osaka, Japan)

at a speed of 1000 rpm for 3 minutes. Spheronization speed

was optimized in the earlier batches. The pellets were dried

in a conventional hot air oven (Thermolab, Mumbai, India)

at 50ºC for 4 hours. Pellets were size-classified using 10#/

14# sieves to provide a size range of 710 to 1000 μm.

Sintering

Samples of pellets from each batch were subjected to ther-

mal treatment.15-17 The pellets were placed on aluminum

foil and subjected to various temperatures and durations

ranging from 90ºC to 120ºC and 60 seconds to 240 sec-

onds, respectively, in an oven (Met Lab, 1500W, Mumbai).

Table 1. Formulation Details and Properties of Unsintered and Sintered (at 100ºC for 3 Minutes) Pellets Prepared Using Ground Wax

(180 to 250 µm)*

Batches

Ingredients (%)

Treatment

Hardness-Friability

Index

Angle of

Repose (-) Sphericity (%)Theophylline MCC Carnauba Wax

B1 46 50 4
Unsintered 51 34 73% ± 5%

Sintered 52 33 73% ± 4%

B2 44 50 6
Unsintered 49 35 71% ± 5%

Sintered 51 34 71% ± 4%

B3 40 50 10
Unsintered 43 39 64% ± 7%

Sintered 45 37 66% ± 6%

B4 30 50 20
Unsintered 36 44 51% ± 7%

Sintered 38 41 54% ± 6%

*MCC indicates microcrystalline cellulose.
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In Vitro Release Studies

The dissolution tests were performed using the US Pharma-

copeia rotating basket method. Stirring speed was main-

tained at 100 rpm. Distilled water was used as a dissolution

medium and maintained at 37ºC ± 0.5ºC. Aliquots, each with

a 5-mL volume, were withdrawn at regular intervals, fil-

tered, diluted suitably, and assayed spectrophotometrically.

The samples were analyzed at 272 nm using a double-beam

spectrophotometer (Shimadzu Model No UV 1601, Seoul,

Japan) to assay the amount of theophylline released at each

time point. Dissolution studies were performed in triplicate,

and mean values were taken for each batch.

Volume, Density, and Compressibility

A 50-g sample was put into a 250-mL graduated cylinder of

a volume and density apparatus (Shivani Scientific Indus-

tries, Mumbai). The volume was noted as being bulk volume

or fluff volume. The cylinder was then tapped 1250 times

until the volume of the sample was reduced to a constant or

consolidated one. Bulk density, tapped density, and Carr’s

percent compressibility were calculated.18

Flow Properties

The static angle of repose was measured according to the

standard method. A conical funnel with a diameter of 74 mm

at the cone base, a stem length of 33 mm, and a constant di-

ameter of 13 mm was used. This was secured above a paper

on a flat horizontal surface such that the axis of symmetry of

the funnel was perpendicular to the paper. The powder was

carefully poured through the funnel. A conical heap with a

consistent height-to-radius ratio was formed. The average

height and radius of the heap was noted. Angle of repose (θ-)

was calculated from the standard trigonometric relationship.18

Sphericity

The sphericity was measured using the optical microscope.

The length and breadth of the spherules were measured. A

frequency distribution of the ratio of length to breadth of

100 particles was calculated.19 The sphericity (S) was cal-

culated by the following formula:

S ¼
1

∑B2 � RF
� 100 ð1Þ

where B is lower class limit and RF is relative frequency.

Hardness-Friability Index

This was calculated on the basis of the results of the

friability test. For this purpose, 10 g of pellets were placed

in a Roche friabilator and rotated for 10 minutes at 25 rpm.

The pellets were then screened through a 40# sieve to

remove the fines generated.20 The hardness-friability index

was calculated as follows:

%HFI ¼
Fb

Fa

� 100 ð2Þ

where Fb and Fa are weights before and after friability

treatment, respectively.

Wettability

Pellets from optimized batch B3, both the one that was un-

sintered and the one that was sintered at 140 seconds, were

fixed on a clean, dry glass slide. A 15-μL drop of distilled

water was placed carefully with the help of a microsyringe

on the pellet. Photographic impressions of the water drop in

contact with the pellet were recorded in the static stage.

Differential Scanning Calorimetry

Differential scanning calorimetry (Mettler Toledo, Model

No DSC 821e, Schwerzenbach, Switzerland) scans of the-

ophylline, carnauba wax, and the mixture were performed.

A 6-mg sample was heated in a cuvette from 50ºC to 300ºC

at a rate of 1-C/10 minutes.

Scanning Electron Microscopy

To understand any changes in the surfaces, the topography

of pellets was analyzed with the help of scanning electron

microscopy (SEM; Cemeca, Tokyo, Japan). The pellets from

optimized batch B3, both the one that was unsintered and the

one that was sintered at 140 seconds, were selected. Pellets

were mounted on a metal holder with silicon adhesive and

then sputter-coated with gold. Pellets were examined with

the scanning electron microscope at an accelerating voltage

of 20 kV.

RESULTS AND DISCUSSION

It can be observed from Figure 1 that mere incorporation of

wax into the formulation did not retard the release. A poly-

mer concentration as high as 20% could not sustain the

release of drug for more than 3 hours. Hence, the technique

of sintering was used to slow the drug’s release from the

wax matrix.

Preparation of Fine Particle–Sized Carnauba Wax

Size reduction of the wax was attempted either in the solid

condition (ie, by grinding) or in the liquid condition (ie, by
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emulsification). The lowest particle size of wax that could be

obtained by grinding was in the range of 180 to 250 µm. It

was observed that extrusion of wax particles obtained by

grinding was difficult. In addition to that, the pellets showed

significant differences in terms of shape and integrity. This

adversely affected the process of sintering and subsequently

the drug release. Therefore, the particle size of carnauba wax

needed to be reduced. In the present work, the method at-

tempted for size reduction of carnauba waxwas emulsification.

Emulsification resulted in fine spherical wax particles. The

powder recovery from this was ~99% of the wax load in the

emulsion. When the stirring speed was reduced to 1200 rpm

or lower, larger spherical particles of wax were formed,

which on drying did not pass through a 200# sieve. At a speed

above 1500, no further decrease in particle size was ob-

served. By maintaining the temperature of both the aqueous

and wax phases at 90-C, we ensured that the wax did not

congeal before it could be emulsified into a spherical parti-

cle. When the concentration of the surfactant was kept be-

low 1%, a significant change in the particle size and shape

was observed. Increasing the concentration to 1.5% did not

make much difference; thus, the concentration of the surfac-

tant was optimized at 1%. Carrying out emulsification at the

optimized condition resulted in wax particles of 45 to 75 µm.

The nature of the drug and MCC and the fine particle size of

wax obtained through emulsification proved to be conducive

for pelletization without a need for additional binder. Using

wax of finer particle size increased the wax’s surface area,

which was important to ensure maximum coverage and

homogeneity in the pellets. This also helped in improving

shape and integrity, which is discussed further below.

Preparation of Pellets

The content of the MCC was optimized from the initial trials

to improve the shape and sphericity of the pellets. The

spheronization at optimized conditions yielded 85% wt/wt

pellets of 710 µm to 1000 µm. This may have been due to the

self-binding nature of MCC to hold water. It was observed

that desirable pellets could be formed even in the presence

of a hydrophobic material like carnauba wax in a concen-

tration as high as 20%. The pellets prepared with ground

wax were irregular in shape and had low sphericity. They

were alsomechanically weaker. Results can be seen in Table 1.

The findings can be attributed to the irregular shape of the

wax particles, which might have resulted in irregular distr-

ibution of wax, thus hampering the spheronization process.

When dissolution studies were performed for unsintered

batches containing the ground wax, the release was similar

(P G .05) to that of batches prepared with the spherical wax

particles. The only difference was the presence of a high

standard deviation for the pellets prepared with ground wax.

A similar phenomenon was observed with sintered batches.

A high standard deviation can be observed in Figure 2,

which can be correlated to uneven distribution of wax par-

ticles in the pellets. The pellets prepared from wax ob-

tained through emulsification showed better shape and

sphericity, which was attributed to the fine particle size of

the pellets.

Sintering

To retard the release of the drug, pellets were sintered for

different time intervals at various temperatures. The sintering

time markedly affected the drug release properties of the car-

nauba wax matrices. The release of theophylline for batches

B1 to B4 after sintering at 100-C for 240 seconds is shown

in Figure 3. All the pellets were exposed to 240 seconds so

as to maximize the movement of molten wax in the matrix.

There was no significant difference in the release of theoph-

ylline (P G .05) at the same wax concentration when the

pellets were sintered in the range of 90-C to 120-C. The wax

Figure 1. Dissolution profile of various batches of unsintered

pellets prepared with emulsified wax (n = 3).

Figure 2. Dissolution profile of sintered batches prepared with

ground wax (n = 3).
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concentration did play a significant role in the release of

the drug. At higher concentrations, release rates decreased.

Complete release was observed for batches B1 and B2 in

4 and 8 hours, respectively. The release was incomplete at

the end of 12 hours for batches B3 and B4. Only 78% and

43% of the drug was released at the end of 12 hours for

batches B3 and B4, respectively. As complete release was

observed at 8 hours for batch B2 and 78% release was

observed at the end of 12 hours for batch B3, we decided

to use batches B2 and B3 for further modification to obtain

complete release in 12 hours. Evaluation of the physical

properties of matrix pellets of theophylline before and after

sintering revealed differences in their micromeritic prop-

erties, which are depicted in Table 2. Although sintered

pellets showed a negligible change in sphericity, surfaces

were smoother, which is discussed below in detail. As in-

dicated by Figure 1, drug release was not retarded for more

than 3 hours by simple incorporation of wax particles into

pellets.

Unsintered pellets showed erosion during dissolution, which

might have been due to the disintegrating property of MCC

as well as the lack of cohesive bond between the neighboring

wax particles (ie, there was no uniform matrix formation).

On sintering, wax particles melted and penetrated the empty

spaces, forming a continuous sheet around the drug and other

materials present in the pellets, which increased the surface

area of wax and thus indicated a nearly monolithic formation.

In other words, sintering increased the percentage area of

pellets covered, thereby improving the flow property. This

thereby decreased the exposure of the drug to the dissolution

medium, and hence the release of the drug was retarded.

Although on sintering no change in the size, shape, or mass

of pellets was noted, the improvement in the continuity of

wax, approaching a type of monolith, reduced erosion and

enhanced drug retardation. It is a fact that the true volume of

materials remains constant. Therefore, it could be inferred

that the void volume remained constant during sintering.

This indicated maintenance of porosity. Thus, changes due

to sintering might be in tortuosity and in the increase in

continuity of wax layers.

Optimization With Batches B2 and B3

It is notable that the release rate of theophylline from car-

nauba wax matrices is inversely related to the time of sin-

tering. Complete release of drug was achieved in 7 and

10 hours when batch B3 was sintered at 100ºC for 60 and

120 seconds, respectively, as shown in Figure 4. Sintering

for 180 or 240 seconds did not yield a complete drug re-

lease; only 78% of the drug was released in 12 hours.

Complete release of drug was achieved in 3 and 6 hours

when batch B2 was sintered at 100ºC for 60 and 120 seconds,

respectively. Sintering for 180 or 240 seconds yielded a

complete release of the drug in 8 hours. This indicated that

the 6% wax concentration is insufficient for sustaining the

release of the drug for 12 hours even after sintering. Thus,

no further modification was tried on batch B2. Batch B3

was further studied and modified for optimization of the

drug release for 12 hours. The pellets were treated at 100-C

for 140 and 160 seconds so as to have faster release in com-

parison to that of the 180-second-treated pellets, as shown

in Figure 5. The release of the drug was complete for the

140- second-treated pellets, while 94% ± 1.2% was released

for the 160-second-treated pellets. Thus, almost complete

release of drug was observed when the pellets were treated.

In short, it can be said that drug release decreased as sinter-

ing time increased for all formulations, which is in accor-

dance with the literature studied.4,5 But for these formulations

no significant difference in release within the batch was

Figure 3. Dissolution profile of sintered batches prepared from

emulsified wax (passed through a 200# sieve). Batches were

sintered at 100-C for 240 seconds.

Table 2. Properties of Unsintered and Sintered (at 100ºC for 3

Minutes) Pellets Prepared Using Emulsified Wax (200 µm)

Batches Treatment

Hardness-

Friability

Index

Angle of

Repose

(-)

Sphericity

(%)

B1
Unsintered 57 29 76% ± 3%

Sintered 90 27 80% ± 1%

B2
Unsintered 60 28 79% ± 3%

Sintered 93 26 81% ± 2%

B3
Unsintered 62 28 80% ± 3%

Sintered 94 26 81% ± 2%

B4
Unsintered 66 27 81% ± 3%

Sintered 96 24 81% ± 1%
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obtained when sintering lasted either 180 or 240 seconds.

The minimum duration of sintering resulting in maximum

release retardation appears to have been 180 seconds, as is

evident from all the release profiles. Thus it can be inferred

from the findings above that the time taken by the wax to

heat up, melt, and fuse with neighboring particles would be

at least 180 seconds. Thereafter there would be no im-

provement in matrix structure to favorably extend the drug

release.

Kinetic Treatment

The coating of wax acted as a diffusion barrier and thus had a

retarding effect on the drug release from pellets. The release

data for pellets were further analyzed to find out whether they

fit zero-order kinetics, first-order kinetics, or the Higuchi

mechanism. The analysis revealed that the drug release did

not fit first- or zero-order kinetics. When the square root of

time vs percent drug released for the optimized batch was

plotted, it was apparent that the release occurred via a matrix

diffusion-controlled process, as shown in Figure 6. The

pattern of drug release from sintered pellets was linear with

the square root of time. The linear correlation coefficient of

the profiles shown in Table 3 indicated that the drug release

from the sintered carnauba wax matrix was via diffusion.

Figure 4. Dissolution profile of sintered batches B2 and B3

prepared from emulsified wax (passed through a 200# sieve)

at 100ºC for various durations.

Figure 5. Dissolution profile of batch B3 sintered at 100ºC

for 140 and 160 seconds (n = 3).

Figure 6. Higuchi treatments for batch B3 sintered at 100ºC for

140 and 160 seconds (n = 3).

AAPS PharmSciTech 2007; 8 (3) Article 74 (http://www.aapspharmscitech.org).

E6



To gain some insight into the drug release mechanism, a

very simple and semi-empirical equation to describe drug

release from polymeric systems, the power law (Korsmeyer-

Peppas model), was also applied21,22:

Mt

M∞

≡ kt
n ð3Þ

Here, Mt and M∞ are the absolute cumulative amount of

drug released at time t and infinite time, respectively; k is a

constant incorporating structural and geometric character-

istics of the device; and n is the release exponent, indicative

of the mechanism of drug release.21 Thus, Equation 3 im-

plies 2 meanings, n = 0.5 (indicating diffusion-controlled

drug release) and n = 1.0 (indicating swelling-controlled

drug release). Values of n between 0.5 and 1.0 can be

regarded as indicating the superposition of both phenomena

(anomalous transport). It is important to remember that the

2 extreme values for the exponent n, 0.5 and 1.0, are valid

for only slab geometry. For spheres and cylinders, different

values have been derived,22,23 as listed in Table 3. Unfor-

tunately, this fact is not always taken into account, leading

to misinterpretations of experimental results. The n values

obtained were 0.5996 and 0.5769 for 140- and 160-second-

treated samples. Thus, it can be concluded that the release

of the drug from sintered matrix pellets was due to anoma-

lous transport, which is well supported by the literature.24-26

Wettability

Figure 7 shows that the contact angle for sintered pellets was

greater than that of the unsintered pellets. This indicated an

improvement in hydrophobicity in the sintered pellets. As is

apparent, the surface of the unsintered pellets consisted of

particles from the entire formula (ie, the dominance of wax

was much less). When a drop of liquid was placed on an

unsintered pellet, the advancing liquid might have encoun-

tered a surface with fewer waxy areas and probably a large

number of microscopic cracks, leading to a smaller contact

angle. In contrast, the larger contact angle for sintered pellets

indicated resistance to the advancing liquid. This could be

explained only by increased dominance of wax and exis-

tence of a smoother surface—that is, having fewer micro-

scopic cracks because of the melting and spreading of wax.

Flow and Other Properties of Pellets

The densities and Carr’s compressibility of sintered pellets

were between 0.72 and 0.82 g/cm3, and 5% and 7%, re-

spectively. The low values of Carr’s index (less than 15%)

indicate good flowability of the spheroids for all batches,

since the angle of repose of all the formulations was less

than or equal to 30- (±0.13--0.59-).27 As these figures re-

veal, sintered pellets had a packing property superior to that

of unsintered pellets. The average percent hardness index

of sintered pellets and unsintered pellets was 93 and 71, re-

spectively, which indicated that sintered pellets were harder

than unsintered ones. The low hardness obtained when the

pellets were unsintered as well as when they were sintered at

a low temperature indicated that the main forces holding the

particles together were probably Van der Waals and me-

chanical forces caused by the interlocking of irregularities on

the surface of the particles making the pellets. Increasing the

temperature and/or time of exposure to a particular degree

during sintering boosted the hardness, because of the fusion

of wax particles or formation of welded bonds among the

particles. These and the forces mentioned earlier contributed

to the final hardness of the sintered pellets. The Van der

Waals, mechanical force, and the welded bonds would there-

fore help to reduce the subsequent wear and tear from

handling, especially during transport and packaging.

Table 3. Kinetic Treatment for Batch B3 Sintered at 100-C for 140 and 160 Seconds*

Treatment

140 Seconds 160 Seconds

r2 n k (h–1) r2 n k (h–1)

First order 0.5654 — — 0.5771 — —

Zero order 0.9697 — — 0.9683 — —

Diffusion (Higuchi) 0.9922 — — 0.9904 — —

Korsmeyer-Peppas model 0.9914 0.5996 0.2221 0.9961 0.5769 0.2389

*k indicates release rate constant; n, diffusional release exponent; r2, correlation coefficient.

Figure 7. Photomicrographs showing contact of water with (A)

unsintered pellet and (B) sintered pellet.
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Differential Scanning Calorimetry

Differential scanning calorimetry plots in Figure 8, corre-

sponding to the qualitative composition of the drug for-

mulations, verified the identity of each of the components

and indicated the absence of interaction or complexation

throughout the process of pelletization and sintering.

SEM

The SEM photographs in Figure 9 indicate that wax par-

ticles did flow and improve the matrix structure on thermal

treatment. The sintered surface appears smoother than the

unsintered surface. This is the reason for the increase in the

hydrophobicity of sintered pellets, which caused the in-

crease in the release extension.

CONCLUSION

On thermal sintering of the pellets, the wax changed from

finely divided particles to films and sheaths, as reflected by

the wax’s non-eroding nature during dissolution and as

shown in improved drug release retardation. By selecting the

proper wax-to-drug ratio and sintering condition, we for-

mulated an effective controlled-release dosage form using a

model therapeutic (ie, theophylline). During sintering, the

drug did not undergo any degradation or complexation by

which its release could be retarded.
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