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Alginate paracetamol pellets were prepared by extrusion-
spheronization process. The process variables studied were wet
mass mixing time, feed rate, die opening diameter, spheronization
residence time, feed rate, disk speed, and drying. The formulation
variables studied were granulation fluid composition and level
and drug-to-excipient ratios. The dried pellets were cross-linked
with calcium chloride solution. The cross-linked pellets wer e eval-
uated for dissolution test, friability test, sphericity, flow behavior,
particle size distribution, aggr egation, water uptake, drug entrap-
ment, and yield. Gustatory sensation test exhibited successful
taste-masking of paracetamol by present approach.
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sodium alginate

INTRODUCTION

Pellets as a drug delivery system offer therapeutic advan-
tages, such as less irritation of the gastrointestinal tract (GIT);
lowered risk of adverse effects due to dose dumping in modi-
fied release products; targeted delivery to a particular site(s)
within the GIT; improved absorption through GIT (as it dis-
perses freely in the GIT); reduced harmful effects of certain
drugs by making a small amount of drug available in a single
pellet; reproducibility of the drug blood levels; and reduced
inter- and intrasubject variability. They offer technological
advantages such as better flow properties, less friable dosage
form, narrow particle size distribution, and uniform packing.
They also possesses advantages over granules, such as reduced
particle agglomeration, higher mechanical strength, suitability
for coating due to spherical shape of pellets, and achieving a
specific dissolution profile (Erkoboni, 2003; Vervaet, Baert, &
Remon, 1995).
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Pellets are evaluated for parameters like mechanical prop-
erties (like viscoelasticity and deformability) (Bashaiwoldu,
Podczeck, & Newton, 2004); influence of formulation vari-
ables on strength, density, sphericity (Chopra, Alderborn,
Podczeck, & Newton, 2002; Eriksson, Alderborn, Nystrom,
Podczeck, & Newton, 1997; Hileman, Goskonda, Spalitto, &
Upadrashta, 1993; Newton, Chapman, & Rowe, 1995;
Santos, Veiga, Pina, Podczeck, & Sousa, 2002), and surface
roughness (Podczeck & Newton, 1995); and friability
(Howard, Neau, & Sack, 2006).

Drug and calcium alginate matrices are currently prepared
by spraying or dropping an aginate drug aqueous dispersion
into a bath of calcium chloride solution for cross-linking
(Bodmeier & Wang, 1993; Rubio & Ghaly, 1994). However,
the method has many drawbacks, which have been reported by
Mukhopadhyay, Reid, Saville, and Tucker (2005). The authors
have a so reported cross-linking of dried drug alginate granules
using calcium chloride and applicability of the method to
industrial scale-up. However, flow behavior, particle size dis-
tribution, and mechanical strength need to be studied, as they
are essential parameters for industrial scale-up. Sriamornsak
and colleagues (Sriamornsak & Kennedy, 2006; Sriamornsak,
Burton, & Kennedy, 2006) have developed calcium alginate
gel—coated pellets by forming insoluble gel coat with emphasis
on sustained dissolution. This differs from present work in that,
in the reported work, calcium salt was incorporated in pellets
for the purpose of coating with polysaccharide, while in the
present work a bath of calcium salt solution was employed
externaly as a cross-linking agent for dried sodium alginate
pellets. The purpose of the present study was not to coat pellets
with gel but to use them as a matrix for taste-masking. Cham,
Huey, and Heng (2006) have investigated mechanisms of
external and internal gelation of alginate for coating and encap-
sulation purposes. Cross-linking mechanism of sodium algi-
nate using calcium ion has been reported (Chan, Jin, & Heng,
2002). Chatchawalsaisin, Podczeck, and Newton (2004) have
studied the influence of chitosan and sodium alginate on the
properties of uncross-linked pellets. Takeuchi, Yasuji,

199



200

Y amamoto, and Kawashima (2000) have reported dry-coated
tablets with sodium alginate as a release-retarding agent for
formulating controlled-release dosage form. Effect of cross-
linking with calcium on diffusion of paracetamol in aginate
gels has been reported (Adani & Kennedy, 1996). Amidated
low methoxylated pectin has been used, similar to present
study, for cross-linking in dried state with calcium ion solution
(Tho, Sande, & Kleinebudde, 2005).

Apart from cross-linking of dried drug-alginate granules
(Mukhopadhyay et al., 2005) there has been no work dealing
with cross-linking of pellets containing drug produced by
extrusion-spheronization technique. This article describes
research on the cross-linking of dried paracetamol sodium algi-
nate pellets produced by extrusion-spheronization process. The
cross-linked pellets were evaluated in terms of aggregation
behavior, water uptake during cross-linking, yield, drug entrap-
ment, dissolution test, friability, roundness (sphericity), flow
properties, and extent of unpleasant gustatory sensation—mask-
ing test.

MATERIALS AND METHODS

Materials

Paracetamol (sodium: absent; calcium: absent) was obtained
as a gift sasmple from Bajg Healthcare Ltd., Mumbai, India.
Manugel® LBA (sodium alginate, 400 mPas, calcium 0.1%,
sodium 12% based on dry weight) was gifted by Anshul,
Mumbai, India. Microcrystalline cellulose (Avicel® PH 101)
and colloidal microcrystalline cellulose (95%) and sodium car-
boxymethylcellulose (5%) combination (Avice® RC 591)
were gifted by Signet Chemical Corporation, Mumbai, India.
Calcium chloride dihydrate was purchased from Ranbaxy L ab-
oratories Ltd., S. A. S. Nagar, India. All other materials used
were of analytical grade.

Methods
Pre-Treatment Pellets Preparation

The extrusion-spheronization process parameters were opti-
mized in terms of granulation fluid level, wet mass mixing
time, feed rate, die opening diameter, spheronization residence
time, disk speed, and drying (use of fluidized bed dryer, tray
dryer, and oven drying). The formulation variables like
drug:Avicel® PH101:Avicel® RC 591 ratio and granulation
fluid composition, that is, water:polysorbate 80 ratio, were also
optimized (data not shown). The optimized process and for-
mula are described below.

Paracetamol (25%), Manugel® LBA (25%), Avicel® PH 101
(35%), and Avicel® RC 591 (15%) were dry mixed in a Hobart
planetary mixer for 5 minutes. Avicel® PH 101 was used as a
spheronizing aid. A mixture of purified water and polysorbate
80 (as a lubricant for extrusion) (Mesiha & Valles, 1993)
(99.8:0.2) was added as the wet massing fluid (0.4 mL/g) to
form wetted mass for extrusion. The wetted mass was further
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mixed for 1 minute and then passed through axial single screw
extruder (Naomi Enterprise, Mumbai, India) equipped with
0.8-mm aperture diameter screen with L/Rratio of 1.7, where L is
thickness of screen and R is radius of screen aperture (Vervaet
et al., 1995). The extruder rate was maintained at 50 rpm. The
extrudates were collected on butcher paper. The extrudates
were spheronized for 300 secondsin a spheronizer (R. R. Enter-
prises, Thane, India) fitted with a cross-hatched plate with
length of each groove of 2 mm. The spheronizer rate was main-
tained at 750 rpm. The contents emptied from the spheronizer
were dried in an Aeromatic fluidized bed dryer at 50°C for 30
minutes. All experiments were carried out in triplicate.

Cross-Linking Treatment of Pellets

The cross-linking of pellets was carried out in a beaker of
250 mL capacity with a paddle-type stirrer shaft dipped in it at
25° to 30°C. The stirrer blade was 2.5 cm above the bottom of
the vessel. The pellets (W5 = 100 g) were immersed in 5% cal-
cium chloride solution (100 mL) at a stirrer speed of 25 rpm for
30 seconds (these parameters were considered to be optimum
in the previous study by Mukhopadhyay and colleagues
[2005]). At the end of the treatment process, the wet pellets
were filtered through 0.2-mm nylon membrane filter under
suction for 60 seconds. Cross-linked pellets were dried at 60°C
for 12 hours. The weights of the wet pellets before (W,) and
after drying (W,) were determined. All experiments were
carried out in triplicate.

Water Uptake, Yield, and Drug Entrapment in Cross-Linked
Pellets

Water uptake (WU) was determined as:
WU =[(W; - W,)/W,]x100
Theyield as a percentage was determined as:
Yield = (W,/W3) x 100

Drug entrapment was estimated by spectrophotometric
assay (Mnax = 247 Nm) after extraction of drug from pellets (n = 3)
in methanol under stirring followed by suitable dilution in
methanol to concentration of 5 ppm. The quantity of drug
entrapped (DE) was given by:

DE =100 x ([amount of drug in W, g pellets]/
[amount of drug in W; g pellets])

Aggregation Behavior
Aggregation behavior was determined as described previoudy
in the literature (Mukhopadhyay et a., 2005). In short, a
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weighed quantity of cross-linked pellets was pressed with a spat-
ulaon aglass dide to determine whether individual pellets could
be separated. All experiments were carried out in triplicate.

Dissolution, Friability, Roundness (Sphericity), Flow
Behavior, and Particle Sze Analysis of Cross-Linked Pellets

Dissolution test of cross-linked pellets was carried out as
per USP 29 procedure for acetaminophen capsules. USP 11 dis-
solution test apparatus (Electrolab, Mumbai, India) was used
for the test. Pellets equivalent to containing 500 mg drug
(2.105 g) (calculated from percent drug entrapment after cross-
linking) was taken as unit dose. The dissolution test for pellets
was carried out using 900 mL water as the medium and rotating
the paddle at 50 rpm for 45 minutes.

Friability test (n = 3) was performed using a Roche friabilator.
A pre-weighed sample (5 g, 16/25 mesh fraction) was placed in
the friabilator along with 25 steel balls, each 2 mm in diameter.
After 100 revolutions at 25 rpm the mass retained on the 25-
mesh sieve was weighed and the friability was cal culated as the
percentage |oss of mass between the initial and final weights of
each bead sample (Howard et al., 2006).

Sphericity of the pellets was determined as described in the
literature (Hileman et al., 1993). Briefly, it was determined by
assigning a rank score, with 1.0 being very spherical and 12
being a cylinder. When two different scores were obtained,
rank scores were averaged.

Flow behavior was assessed in terms of parameters like
angle of repose, fluffy bulk density, tapped bulk density (Woo-
druff & Nuesde, 1972), Carr’sindex, and Hausner ratio (Stainforth,
1988), as reported previoudly.

Particle size analysis was carried out by sieve analysis
(Woodruff & Nuessle, 1972).

Gustatory Sensation Test

Gustatory sensation test was performed by modifying a
previously described method (Tokuyama et al., 2006). In brief,
quinine hydrochloride solution 1 mM was considered as a stan-
dard for bitterness with a bitterness score of 5 and purified
water as 0. The human volunteer study was done according to
ethical guidelines for biomedical research on human subjects
by the Indian Council of Medical Research (ICMR) (http://
www.icmr.nic.in/ethical.pdf). The protocol for the test was
approved by the institutional ethical committee. The test was
performed with 10 well-trained volunteers. The cross-linked
paracetamol pellets were rated between 0 and 5 depending
upon the intensity of bitterness, 0 being tasteless and 5 very
bitter. After tasting each sample, volunteers gargled well and
waited for at least 20 minutes before tasting the next sample.

Statistical Analysis

The results were expressed as mean values £ SD. The
Student t-test was applied to examine significance of differ-
ence. In al cases p < .05 was considered to be significant.
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RESULTS AND DISCUSSION

Introduction

In the present work, steps in the pellet manufacturing
process were: (1) dry mixing; (2) wet granulation; (3) extru-
sion; (4) spheronization; (5) drying; and (6) cross-linking
(including immersing pellets in calcium chloride solution, fil-
tration, and drying).

Pre-Treatment Pellets Preparation

The mixing time of the powder blend with granulating fluid
was optimized. The amount of granulating fluid needed was
also optimized (0.4 mL/g of dry blend) in terms of extrudate
desirable characteristics (discussed later), and was found to be
greater than that used for tabletting granulation. Overgranula-
tion (when the amount of granulating fluid used was more than
0.4 mL/g of the dry blend) caused sticking of the extrudates to
each other that could not be processed further, and employing
lesser granulating fluid (less than 0.4 mL/g of the dry blend)
formed extrudates of poor mechanical strength and conse-
quently low pellet yield. Granulating fluid at the extrudate and
die interface acted as a lubricant and facilitated the movement
of the extrudates through the die, which was evident from
lesser extrusion force required when granulating fluid level
was increased. Granulation time was kept longer during the
initial stages of formulation development, prior to optimiza
tion, as recommended by Erkoboni (2003). The granulation
time was optimized in terms of desirable properties of extru-
dates (like length, reduced shark-skin effect, and low extrusion
force). The optimum granulation time was found to be 1
minute. The extrudates produced were plastic enough to
deform and did not adhere to each other when collected or
rolled in the spheronizer. The surface impairments of extru-
dates like roughness and shark skinning have been reported to
increase at a higher extrusion speed as well as when the stress
at the wall of the die perforations increases with increasing
thickness (i.e., higher L/R ratio) of the extrusion screen or as
the granulating fluid content of the formulation decreases (Har-
rison, Newton, & Rowe, 19853, 1985b). It was indeed found to
be the situation and therefore the lower L/R ratio (1.7) screen
was found to be suitable for getting extrudates with desirable
properties, which have been mentioned above. However, this
observation was contradictory to that reported by Baert,
Remon, Elbers, and Van Bommel (1993). Further, employing
extrusion speed of 50 rpm and granulating fluid content of 0.4
mL/g of dry blend produced extrudates with no surface rough-
ness as well as shark skin effect. Harrison and colleagues
(1984, 1985a) have reported that under high stress, that is,
more requirement of extrusion force associated with low gran-
ulating fluid content, high L/R ratio and absence of lubricant
(like polysorbate 80 used in the present study), causes rough
surface in moderate cases and shark skinning in more severe
cases, which is further in agreement with the results of the
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present study. Some researchers (O’ Conner & Schwartz, 1989)
have indicated that pellets having acceptable properties can be
produced from extrudates having shark skinning, attributed to
the fact that shark skinning facilitates the breakage of the
extrudates during the spheronization step. Thisisin agreement
with our observation of pellet qualities produced in various
batches (data pertaining to optimized batch only has been
shown). Higher granulating fluid content caused agglomeration
of pellets and no product roping effect during spheronization
process was observed. Lesser granulating fluid reduced the
yield of the pellets. Increase in spheronization speed (800 to
1,200 rpm) and spheronization residence time (more than 300
seconds) also caused agglomeration, specifically increased pel-
let diameter. Higher disk speed and longer residence time dur-
ing spheronization increased the coarser fraction and the mean
diameter and decreased the fine fraction. Conversely, lower
disk speed and shorter residence time during spheronization
produced cylindrical- or dumbbell-shaped particles. Therefore,
disk speed of 750 rpm and spheronization residence time of
300 seconds were considered to be optimum conditions for
spheronization, which produced spherical pellets with narrow
particle size distribution (Figure 1). Friability (1.5% to 12%) of
pellets decreased with increasing spheronization residence
time. The effect was similar to that reported by O’ Conner and
Schwartz (1989). Fluidized bed dryer was used for drying due
to its efficient processing and its requiring less time than a hot
air oven.

Cross-Linking Treatment of Pellets

No studies have been reported so far to cross-link dry drug
alginate pellets produced by extrusion-spheronization technol-
ogy. In this study, the parameters found optimal in the previous
work by Mukhopadhyay and colleagues (2005) for cross-link-
ing paracetamol alginate granules in dehydrated state were
kept constant, as studying these parameters (like calcium con-
centration, agitation rate during cross-linking, temperature during

Sieve Analysis of Pellets
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FIGURE 1. Sieve analysis of crosslinked paracetamol aginate pellets
expressed as weight percent retained on screen of optimized batch.
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cross-linking, and moisture content of uncross-linked granules)
would be repetitive and obvious. Instead, emphasis was on
other parameters, like masking of unpleasant gustatory sensa-
tion, water uptake, yield, drug entrapment, and dissolution (to
be discussed later). Briefly, during cross-linking treatment of
dried drug alginate pellets, an insoluble calcium alginate layer
is formed when pellets first come in contact with cross-linking
agent (calcium chloride in present case). Calcium ion cross-
links the polymer chains by its bond to polycarboxylic acid
group present in sodium aginate. Conformational changes of
polymer chain due to the cross-linking slow the diffusion of
calcium ion into the interior of the matrix and thus leading to
stoppage of cross-linking process (Julian, Radebaugh, & Wis-
niewski, 1988). This aso supports the finding that longer
cross-linking timeis unnecessary and that it may further reduce
drug entrapment by promoting diffusion of the drug through
matrix into calcium chloride solution bath. Dried alginate pel-
lets treated with calcium chloride solution for 30 seconds for
cross-linking showed satisfactory taste masking and dissolu-
tion. The drug loss during treatment weakens the matrix and
thereby reduces the yield due to erosion of the porous polymer
mass (Mukhopadhyay et al.). The use of optimized concentra-
tion of cross-linking agent (5% calcium chloride) aso reduced
pellet aggregation.

Evaluation of Pellets

The pellets were complying with limit of at least 75% of
dissolution of the drug in 45 minutes as mentioned in USP 29
monograph for acetaminophen capsules (Figure 2). Relatively
low dissolution of the drug (93.854% + 4.215% in 45 minutes)
was considered to be due to the incorporation of Avicel® RC
591. Thisfinding isin conformity with that described by Ghali,
Klinger, and Schwartz (1989), who stated that because of the

Dissolution Profile of Cross-linked
Paracetamol Pellets
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FIGURE 2. Dissolution profile of cross-linked paracetamol pellets. The
error bars represent the SD of the mean.
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formation of gel-like structure in water due to the presence of
sodium carboxymethylcellulose in the RC and CL types of
Avicel® slowed the he dissolution of the drugs. However, in
the present study, Avicel® RC 591 was incorporated in pellets
to reduce diffusion of drug (the drug having 14.28 mg/mL sol-
ubility in water [EI-Obeid & Al-Badr, 1985]) into calcium
chloride solution bath during cross-linking.

Water uptake by the pellets was 150% + 3.05%. The water
uptake during treatment was reproducible. The average pellet
yield was found to be 96% + 2.1%. The drug entrapment was
95% + 4.2%, which was higher than previously reported data
for granules (Mukhopadhyay et a., 2005). It might be due to
the incorporation of Avicel® RC 591 retarding drug diffusion
from pellets (Ghali et a., 1989) to calcium chloride bath, and
thus retaining drug within pellet as microcrystalline cellulose
has been reported to have binding action (Chilamkurti, Rhodes,
& Schwartz, 1982).

Aggregation value of 1% + 0.05% of pellets was observed,
which was not significant. Aggregated pellets could be sepa-
rated easily so it is unlikely to pose any practical separation
problems during preparation.

The results of the friability, roundness, and flow behavior
are depicted in Table 1. Friability of pellets is influenced by
spheronization residence time, speed (Erkoboni, 2003), cal-
cium cross-linking treatment time, and calcium concentration
(Mukhopadhyay et a., 2005). The optimized formulation
showed lower friability values than those that have been
reported abundantly in the literature (Bianchini, Bruni, Gazza-
niga, & Vecchio, 1992; Howard et a., 2006; Malinowski &
Smith, 1975; Mesiha & Valles, 1993; O’ Connor & Schwartz,
1985; Zhang, Schwartz, Schnaare, Wigent, & Sugita, 1991)
and which may also be attributed to the presence of Avicel®
RC 591 having strong binding property.

Free surface of the static heap of powder, when gravity is
the only external force acting upon it, can assume various
forms, but one limitation persists. the angle to the horizontal
cannot exceed a certain value, which is known as angle of

TABLE 1
Measurement of Angle of Repose, Aerated
Bulk Density, Tapped Bulk Density, Carr’s
Index, Hausner Ratio, and Sphericity of
Cross-Linked Pellets

Parameter Values
Angle of repose 27° 22
Aerated bulk density 0.71 g/em®
Tapped bulk density 0.82 g/em®
Carr’'sindex 13.41

Hausner ratio 1.15
Friability 1.5% + 0.05%
Sphericity (n = 30) 2+0.15
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repose. Difference between tapped bulk density and aerated
bulk density indicates cohesiveness of the powder and the
greater the difference, the more cohesive the powder and
poorer the flow and vice versa (Stainforth, 1988). However, in
this study the flow properties, as evident from the vaues
shown in Table 1, indicate that flow behavior of the optimized
formulation is good and thus aids in downstream pharmaceuti-
cal processes like filling in sachet or capsule and further
reduces weight variation.

Sphericity is one of the most important properties of the pel-
let and is also related to flow properties (Woodruff & Nuessle,
1972). Determination of sphericity by visual inspection, the
simplest and most economical method, even though it lacks
sharpness and sensitivity (Hileman et al., 1993), was used in
the present study. The sphericity value of about 2 (Table 1)
indicates excellent sphericity of the optimized formulation, and
thus the formulation was found to be suitable for coating pro-
cess, as compared with other formulations (sphericity values
between 2 and 12).

Particle size distribution by sieve analysis of pellets was as
shown in Figure 1. The histogram (Figure 1) of sieve analysis
of pellets indicates Gaussian distribution without skewness. It
aso indicates that the particles produced had narrow particle
size distribution, major percentage of pellets being in the range
of 1,204 to 710 micrometers, which is the usable yield size
range (Howard et al., 2006). The factors determining particle
size distribution of pellets produced by extrusion-spheronization
have been reviewed previously (Vervaet et al., 1995).

Gustatory Sensation Test

Table 2 shows the gustatory sensation—masking effect in
human volunteers. Masking of unpleasant taste by using a
matrix-type system has been studied previously (Albertini
et al., 2004). However, in the study, matrices were prepared by
wet granulation without employing the cross-linking process.
In the current study, cross-linked pellets showed no bitter taste
as evident from bitterness score (Table 2). The mean bitterness
score of 0.3 of the pellets was not significant (p < .001). Fur-
ther, pellets were soft to chew, which may be due to the forma-
tion of sodium carboxymethylcellulose gel in presence of
saliva. The pellets produced can be coated with sweeteners and
flavors to improve palatability. Further, spherical nature of the
pellets would produce uniformly coated pellets.

CONCLUSION

Cross-linking of dehydrated paracetamol sodium alginate
pellets produced by extrusion-spheronization technique can
mask unpleasant taste. The process is simple and can be easily
scaled up. The pellets as a drug delivery system can provide
additional benefits over granules especially in terms of flow
behavior and reduced friability. The pellets produced can be
coated uniformly due to their sphericity with flavors and
sweeteners so as to improve taste, palatability, and mouthfeel.
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TABLE 2
Bitterness Scores Obtained in Human
Gustatory Sensation Test of Cross-linked
Paracetamol Pellets

Volunteer No. Bitterness Score

1 1

2 0

3 0

4 1

5 0

6 1

7 0

8 0

9 0

10 0

Mean score 0.3
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