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Abstract

The influence of the incorporation of two oppositely charged hydrophilic natural polymers, chitosan and sodium alginate,
alone and in combination, on the ability of formulations containing a model drug (paracetamol) to form spherical pellets by the
process of extrusion/spheronisation and the properties of the pellets, has been undertaken. A statistically experimental desigh was
employed to allow the major factors which determined the properties of the pellets, to be identified. A standardised procedure
was used to prepare the pellets with a ram producing the extrudate for spheronisation. Statistical analysis of the results indicated
that the formulation variables of the type and level of the polymer, the proportion of the model drug, and the proportion of the
microcrystalline cellulose influenced (a) the quantity of liquid binder required to produce a good formulation (narrow size range
and high value for the shape factor indicating sphericity), (b) the steady-state extrusion force, (c) the pellet perimeter, (d) the
apparent pellet density and (e) the porosity of the pellets. The median size of the pellets of the “good formulation” could only be
related to the chitosan and sodium alginate content of the formulations. The proportion of the drug, chitosan and sodium alginate
content of the formulation significantly influenced the in vitro dissolution of the model drug (paracetamol). The drug release
mechanism differed with the formulation variables, although if the pellets remained intact during the dissolution test, diffusion
was the controlling mechanism. There was no significant advantage to be gained by using a mixture of the two polymers in terms
of retarding drug release.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ful product can be achieved. There are also no abso-
lute criteria as to what is and what is not a success-
The preparation of pellets by extrusion/spheronis- ful product. In particular what is accepted as a sat-
ation is a well-documented process. As yet however, isfactory ‘sphericity’ is not agreed, nor even a stan-
there are only general guidelines as to the range of dard method of measuring ‘sphericity’. There is also
factors, which are involved in ensuring that a success- a range of variations in the process, which adds to the
confusion in the literature when it comes to judging
T Comesponding author, Tek+44-20-7753-5869; yvhether or not an approach.to. solv_ing a formulation
fax: +44-20-7753-5869. ' is appropriate. The main variations in the process are

E-mail address: michael.newton@ams1.ulsop.ac.uk the type of mixing process used to incorporate the lig-
(3-M. Newton). uid into the powder and the extrusion stage, where
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the options available can have an appreciable effect effects are achieved by adding hydrophilic polymers,
on the outcome of the process. The main types of ex- applying direct compression to avoid the swelling that
truders available are described Kgwton (2002)and would occur if an agqueous granulation was used in the
range from the screen extruders, which have ‘punched’ preparation of the tablets. Incorporation of swelling
holes whose length approximates to their diameter to polymers into the process of extrusion/spheronisation
‘drilled’ holes, whose length is usually at least dou- could present problems due to the inclusion of wa-
ble that of the diameter. The former provides limited ter in most formulations. Even if the polymers were
densification of the extrudate while the latter ensures not grossly swelling, the increase in viscosity, which
significant densification. The extrudates produced by occurs with hydrophilic polymers could significantly
these two types are not the same and respond dif- change the consistency of the wet powder mass to pre-
ferently to the spheronisation stage, the former being vent processability. Just how the presence of polymers
much more influenced by the rotational speed and load within the microcrystalline cellulose provides appro-
on the plate than the latter. Thus in considering the priate rheological properties to ensure good smooth
literature associated with the influence of formulation extrudate is produced, has been quantifiedRlaynes
variables, it is important to know the details of the et al. (1990) Unfortunately, the ability to quantify
processes involved and methods of assessment of thehe rheological properties required to ensure a sat-
properties of the pellets produced, before the influence isfactory process of pellet production has yet to be
of the formulation variables can be assessed. Unfortu- achievedBoutell et al. (2002)eported that doubling
nately, these are not always available or when they are,the viscosity of the binder liquid by the addition of
fail to appreciate the importance of a key issue. Thus, the Newtonian fluid glycerol did not hinder pellet
for example, a recent paper bieng and Koo (2001)  formation. O’Connor and Schwartz (1985¢ported
writes about the influence of formulation variables on that when sodium carboxymethyl cellulose was in-
the process of extrusion/spheronisation when the wet corporated into the microcrystalline cellulose (Avicel
powder mass is not extruded but merely pushed by RC581 and CL611) and used in the formulations pel-
hand through a sieve, rather like the process of wet let production and retardation of drug release was pos-
granulation. The influence of the spheronisation stage sible.Ghali et al. (1989glso found that if the RC581
on such a wet mass will be entirely different to that grade of MCC was added to the normal PH101, then
associated with the processing of an extrudate formed satisfactory pellets could be produced with retardation
by forcing through a long die. There are certain for- of drug release. Both these studies used screen extrud-
mulations, which will form pellets irrespective of the ers.Newton et al. (1992)however, found that these
extrusion stage, as was demonstratedChppra et al. grades of MCC did not readily form good spherical
(2001) who described a formulation, which produced pellets in spite of extruding well through long dies.
spherical pellets when the wet mass from the planetary In a study involving a range of binders on formu-
mixer was placed directly on the spheroniser plate. In lation of pellets containing 80% of theophylline, 18%
other cases, however, formulations can be very sensi-MCC and 2% solid bindef-unck et al. (1991jound

tive to the processing stages and the ingredients. Of that pellets were less friable when binder was present

particular concern is the quantity of water added, it's
method of incorporation into the powder and the de-
tails of the extrusion process.

A major commercial use of pellet formulations pro-
duced by extrusion/spheronisation, is in the field of
controlled release formulations, where their spheri-
cal from and the potential to incorporate relatively
high drug levels, lends them to the preparation of
film-coated products. If however, as is the case with
tablets, pellets could be formulated to provide a control
of release without the need to film coat, then cost sav-
ings in production could be achieved. In tablets such

than absent, but there was no marked difference in
the drug release properties. Again, a screen extruder
produced extrudates, as they were in the study by
Goskonda and Upadrashta (1998ho studied the in-
fluence of the incorporation of chitosan of different
grades and quantities, combined with Avicel RC581
to provide drug loadings of 20% paracetamol or theo-
phylline. The pellets were characterised in terms of
their bulk and tapped densities, friability and size (by
sieving). There was however no assessment of shape,
although SEM pictures illustrated that the pellets were
‘round’ but had very irregular surfaces. The in vitro
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drug release profiles were found to be formulation and 941 3425) and had a number mean Feret's diame-
dissolution media dependerfapia et al. (1993)n- ter of 2048 + 12.43pm, determined by an image
corporated chitosan dissolved in glacial acetic acid in analyser (Seescan Solitaire 512, Seescan, Cambridge,
pellet formulations. Pellets could be produced with up UK), connected to a black and white camera (CCD-4
to 3% chitosan, extruding through long dies (LR miniature video camera module, Rengo Co. Toy-
4). Above this level, extrusion/spheronisation was not ohashi, Japan) and a microscope (Olympus BH-2,
possible. The slowest drug release was found if pellets Tokyo, Japan) and an apparent particle density of
of 2mm diameter were prepared. 1037 kg/n?, determined with an air comparison
Law and Deasy (1997jound that incorporating  pycnometer (Model 930, Beckman, Irwin, USA).
PVP and sodium lauryl sulphate improved the prepa- The chitosan had a degree of deacetylation of 78%
ration of pellets containing indomethacin when a long (Seacure 252, batch number M1382 and was supplied
die extruder was used to produce the extrudate. Theyby Proton Biopolymer A/S, Drama, Norway), had a
claimed that the in vitro drug release profiles were bet- number mean Feret’'s diameter of.35+ 31.16um
ter than a commercial brand of a controlled release for- and an apparent particle density of 1407 kéy/ffihe
mulation. Goskonda and Upadrashta (19%3imed sodium alginate was of EP quality, was supplied by
that it was possible to produce pellets that retarded BDH, Merck Ltd., Poole, UK, had a number mean
drug release by the incorporation of polymer disper- Feret's diameter of 2344+21.04pm and an apparent
sions normally used in film coating. Here screen ex- particle density of 1702 kg/f The microcrystalline
trusion was used to produce the extrudate. While the cellulose (MCC was Avicel PH101 batch 6521 sup-
pellet size was recorded there was no assessment oplied by FMC Corporation, Cork, Ireland) had a
pellet shapeNeau et al. (1996)eported that, by care- number mean Feret's diameter of. 28+ 18.22um
ful selection of the added electrolyte and its concentra- and an apparent particle density of 1558 k¢y/ffihe
tion, pellets containing 5% chlorpheniramine maleate «-lactose monohydrate EP (batch 0100041), was sup-
could be produced containing different levels of Car- plied by Borculo Whey Products Ltd., Chester., UK,
bopol 975P. They used a screen extruder to produceas a ‘fine’ grade and had a number mean Feret’s di-
the extrudate. The authors admitted that the roundnessameter of 189+ 11.53wm and an apparent particle
of the pellets was not satisfactory even when measureddensity of 1549 kg/m The values for the apparent
with an insensitive method of assessing roundness. particle density of the powders were the mean of three
The Carbopol content, the pH and the ionic strength determinations.
of the dissolution media influenced the in vitro drug Mcllvaine buffers, which readily provide the dif-
release. ferent pH values required were prepared freshly from
Thus, there are differences in the outcome of the in- stock solutions of 0.1 M citric acid and 0.2 M disodium
corporation of hydrophilic polymers into the formula- phosphate. The dissolution media was simulated gas-
tion of pellets produced by extrusion/spheronisation. tric juice, without the pepsin, consisting of 0.07 M hy-
Therefore to add to the understanding of the formu- drochloric acid and 0.034 M sodium chloride having
lation possibilities, a system containing a polyanionic a total ionic strength of 0.104 M. All other chemicals
polymer (sodium alginate) and a polycationic polymer were ‘Analar’ grade supplied by Merck, Poole, UK,
(chitosan) and mixtures thereof, have been assessedvhile the water was freshly prepared distilled water.
in terms of their influence on the ability to produce
pellets, and the properties of the pellets produced.  2.2. Methods

2.2.1. Preparation of pellets

2. Materials and methods The dry ingredients of the formulations were
blended for 5min in a planetary mixer (Kenwood
2.1. Materials Chef, Havent, Hants, UK). The appropriate quantity

of binder liquid was added slowly with constant mix-
Paracetamol of EP quality was obtained from ing, and the process continued for a further 10 min.
Rhone-Poulenc, Poissillon, France (Batch no. (The process was stopped at least twice to scrape
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down the sides of the bowl and the mixer blade.)
The level of binder required for a formulation was
determined by trial and error, as judged by the qual-
ity of the pellets, in terms of size near to the die
diameter, narrow size distribution and spherical form.
The quantity of binder is reported as the quantity
of liquid as a percent of the dry weight of the solid
in the pellet. The wet mass was extruded through a
die of 1 mm diameter and 4 mm in length fitted to
a barrel of a ram extruder, whose piston was driven
at a cross-head speed of 200 mm/min by a Universal
testing Instrument (Lloyd MX50, Lloyd Instruments,
Southampton, UK). The force displacement profile
was recorded to allow identification of the type of
flow (Harrison et al., 198band the forces involved.
Multiple extrusion was used to produce 250-350 g of
extrudate to be spheronised for 30 min on a 22.5mm
diameter radial cut plate rotating at 1000 rpm (Caleva,
Sturminster Newton, UK). The pellets were dried for
60 min at 60°C in a fluid bed drier (Model FBD70P,
R.L. Engineering Ltd., Mostyn, UK).

2.2.2. Characterisation of the pellets

For all tests other than size analysis, a random sam-

ple of pellets was selected with a spinning riffler (Mi-
crosal, Ealing, UK) from the modal fraction, unless
otherwise stated.

2221, Pellet size analysis. This was determined
with a set of British Standard sieves in a root two pro-
gression of sizes between 500 and 2800with 100 g

of pellets by agitating for 20 min on a sieve shaker
(Endecotts, Ltd., London, UK). The median diameter
and the interquartile range were determined from a
cumulative percentage undersize graph.

2.2.2.2. Pellet apparent density. The apparent den-
sity of the pellets was determined by an air compar-
ison pycnometer Model 930, Beckman, Irwin, USA).
The values are the mean of three determinations.

2.2.2.3. Pellet shape and outline. The two-dimens-
ional shape factoer described byPodczeck and
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and a Zoom Lens (18-108/2.5 Olympus, Hamburg,
Germany). The magnification was set so that one
pixel was less than 26m and for each formulation
100 pellets were observed.

2.3. Experimental design

Five formulation variables were investigated. These
were:

1. the level of paracetamol (LP), ranging from 2.5 to
40% (formulations 1-4 and 11);

2. the level of microcrystalline cellulose (LA), rang-
ing from 30 to 70% (formulations 5-8, and 11);

3. the level of chitosan (LC) ranging from 0O to 16%

(formulations 22, 26 and 27);

the level of sodium alginate (LSA) 0-16% (formu-

lations 23, 28 and 29) and combinations of chi-

tosan and sodium alginate between 0 and 4% total

(formulations 1-8, 10-12, 14-17, 24 and 25);

the pH of the binder liquid, ranging from 2.2 to 5.4

(formulations 14-17 and 11).

4.

5.

A scale of five values for each variable with a con-
stant level of the other variables at the centre value of
the experimental design was chosen.

Twenty-nine formulations were employed to per-
form a statistical experimental plan based on the
centre of gravity design, as outlined Wodczeck
(1995) seeTable 1 The basic design was expanded
to evaluate the effect of the pH of the distilled water
instead of the buffer, formulation 10; the interaction
between the minimum pH value (pH 2.2) and the 4%
level of each added polymer, formulations 20 and 21;
the interaction between the maximum pH value (pH
5.4) and the 4% level of each added polymer, for-
mulations 22 and 23; the equilibrium time between
preparation and processing of 0, 18 and 36 h, formula-
tions 24, 11 and 25. In these formulations the quantity
of lactose varies. It was not considered as a variable
because it represents the missing amount of addi-
tive necessary to ensure the total solid content was
100%.

The influence of these variables, if any, on the re-

Newton (1994) the aspect ratio and the perimeter quired amount of liquid binder, the steady-state extru-
were determined with an image analyser (Seescansion force, the characteristics of the pellets in terms
Solitaire 512, Seescan Cambridge, UK), connected to of size, and its distribution, shape, density and poros-
a black and white camera (CCD-4 miniature video ity plus the in vitro drug release by dissolution testing
camera module, Rengo Co. Ltd., Toyohashi, Japan) was the objective of the work.
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Table 1

45

The experimental plan used to investigate the influence of chitosan, sodium alginate and formulation variables on the formation

release from pellets

Formulation LP (%) LA (%) LC (%) LSA (%) LL (%) PH
1 25 50 2 2 435 38
2 5 50 2 2 41 3.8
3 20 50 2 2 26 3.8
4 40 50 2 2 6 3.8
5 10 30 2 2 56 3.8
6 10 40 2 2 46 3.8
7 10 60 2 2 26 3.8
8 10 70 2 2 16 3.8
9 10 50 4 0 36 3.8

10 10 50 3 1 36 3.8

112 10 50 2 2 36 3.8

12 10 50 1 3 36 3.8

13 10 50 0 4 36 2.2

14 10 50 2 2 36 3.0

15 10 50 2 2 36 4.6

16 10 50 2 2 36 5.4

17 10 50 2 2 36 5.2

18 10 50 2 2 36 3.8

19 10 50 0 0 40 2.2

20 10 50 4 0 36 2.2

21 10 50 0 4 36 5.4

22 10 50 4 0 36 5.4

23 10 50 0 4 36 3.8

240 10 50 2 2 36 3.8

25° 10 50 2 2 36 3.8

26 10 50 8 0 32 3.8

27 10 50 16 0 24 3.8

28 10 50 0 8 32 3.8

29 10 50 0 16 24 3.8

and drug

LP: level of paracetamol; LA: level of microcrystalline cellulose (Avicel PH101); LC: level of chitosan; LSA: level of sodium alginate;

LL: level of lactose; PH: pH level of binder liquid.

a Centre of gravity experiment with the equilibrium time of 18 h.

b Equilibrium time of Oh.
¢ Equilibrium time of 36 h.

3. Results and discussion
3.1. Initial assessment

3.1.1. Binder liquid level

The “best” binder liquid level (BL) required for wet-

ting each formulation of the dry mixtures was cho-
sen, based on the quality of the pellets in terms of

the uniformity of size and sphericity data. This level

of binder liquid produced the pellets in the most fre-

quently occurring sieve fraction (1400—1700) with

this study, as the differences were found to be rela-
tively small with changes in a range of binder liquid
levels studied. The values of BL (percentage based on
the total dry powder weight) appeared to range from
40 to 74.8%, depending on the formulation variables,
seeTable 2 The minimum value of BL was required
for formulation no. 5 containing 30% MCC, and for-
mulations no. 13 and no. 23 containing 4% sodium al-
ginate, while the maximum value of BL was required
for formulation no. 27 containing 16% chitosan. This
suggests that the value of BL was likely to be depen-
the highest value for roundness assessment. The totaldent on the values of LA, LSA and LC. In the group
yield of pellets was not considered as a criterion in of experiments, which varied the value of LA, it can
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Table 2

Extrusion force (mean and standard deviatian= 4) and the
binder level for the best formulations used to investigate the in-
fluence of chitosan, sodium alginate and formulation variables on
the formation and drug release from pellets

Formulation Extrusion Binder liquid
force (kN) level (%)
1 11.83 (0.28) 43.2
2 10.97 (0.11) 43.2
3 9.61 (0.11) 44.8
4 9.06 (0.14) 48.8
5 7.75 (0.06) 40.0
6 9.50 (0.06) 42.0
7 12.00 (0.09) 46.0
8 10.58 (0.11) 56.8
9 6.19 (0.14) 56.0
10 6.39 (0.11) 54.0
11 10.42 (0.17) 45.0
12 6.58 (0.11) 50.0
13 11.83 (0.45) 40.0
14 9.97 (0.11) 44.8
15 9.67 (0.09) 448
16 10.19 (0.06) 44.8
17 10.08 (0.06) 44.8
18 7.72 (0.33) 45.0
19 5.78 (0.00) 54.0
20 6.69 (0.19) 60.0
21 10.75 (0.14) 47.2
22 6.14 (0.14) 54.0
23 9.92 (0.28) 40.0
24 9.58 (0.14) 47.2
242 10.53 (0.06) 47.2
25 11.28 (0.11) 45.0
26 4.11 (0.13) 70.0
27 4.61 (0.06) 74.8
28 6.94 (0.11) 48.0
29 4.19 (0.06) 56.0

SS: steady state.

@ Formulation no. 24, the binder liquid level of which was iden-
tical to that of formulations no. 11 and no. 25 but 24 extruded
immediately.
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The influence of the ratio of LC to LSA on the
value of BL was not so clear at this stage. In fact, a
relatively high value of LC required a higher level of
binder liquid for the “best” pellet formulatiori-g. 2).
Likewise, when only chitosan was incorporated at 4,
8 and 16% levels in formulations no. 9, no. 26 and no.
27, the values of BL of 56, 70 and 74.8%, respectively,
were considerably higher than the BL value of 54%
required for formulation no. 19 containing no added
polymer. This effect indicates that chitosan may pos-
sess the ability to absorb water in a similar manner
to MCC. No marked change in the value of BL was
observed when other formulation factors, such as the
pH level and the type of binder liquid, were varied, al-
though there was a slight increase in the value of BL
when the amount of paracetamol was increased.

To obtain the “best” pellet formulation, formula-
tion no. 24, which was extruded immediately after the
preparation of the wet powder mass, required a slightly
higher level of binder liquid than that for formulations
no. 11 and no. 25, which had the same formulation
variables but were equilibrated before the extrusion
process. This may be due to the equilibrium time al-
lowing the binder liquid to distribute throughout the
wet powder mass. Therefore, a good consistency of the
wet powder mass, and hence of the extrudate, could
be obtained at a relatively lower level of binder liquid,
if equilibrium is allowed to occur.

3.1.2. Extrusion force

The steady-state extrusion forces occurred in the
force/displacement profiles of the extrusion processes
for all the formulations studied, with no forced flow
stage. This information indicated that the uniformity
of the extrudate throughout the process of extrusion
was obtained, with no water migration as extrusion
proceeds.

be seen that the value of BL gradually increased from  The steady-state force (SSF) required for the “best”

40 to 46% when the value of MCC increased from

formulation varied from 4.11 to 12.00 kNTdble 2.

30 to 60%, and then a sudden increase in the value The former value of SSF was required for the extrusion

of BL occurred up to 56.8%, with a value of LA of

70% (Fig. 1). This can be explained by the “molecular
sponge” structure of MCC in which it is possible to
retain a high amount of water, as described-Blden

et al. (1988) Therefore, the higher the value of LA in

the formulation, the higher the quantity of the binder
liquid required to form a suitable consistency of the
wet powder mass.

of formulation no. 26 containing 8% chitosan, while
the latter value of SSF was required for the extrusion
of formulation no. 7 containing 60% MCC. The influ-
ence of each studied factor was however, not so clear.
The wide range of SSF values could be explained by
the characteristics of the wet powder mass together
with the formulation, which contained a higher level
of binder liquid, providing more lubrication to the wet



J. Chatchawalsaisin et al./ International

Journal of Pharmaceutics 275 (2004) 41-60

47

100 16
T 114
80 +
] L 12
s 60 5 10 2
.| | g =
@40 Z
1 16
20 +
1 —o—BL —%—SSF T4
0 t t t 2
30 40 50 60 70
LA (%)

Fig. 1. The influence of the levels of microcrystalline cellulose (LA) on the “best” binder liquid levels (BL) and the steady-state extrusion

forces required for the “best” formulations (SSF).

powder mass during the extrusion process. For ex-

ample, the lower SSF value required for the extru-
sion of the wet powder mass with the higher level of
BL, when the ratio of the LC to the LSA was varied
(Fig. 2.

It was also observed that a slight change in the

of SSF when the wet powder mass was equilibrated
for 18 h could be caused by the effect of the distribu-
tion of binder liquid throughout the wet powder mass,
which could soften the mass, whereas the possibility
of losing the moisture of the wet mass when the equi-
librium period was prolonged to 36 h could explain

value of SSF occurred when the same composition of the return of the higher SSF value of 11.28 kN. There

the dry mixtures (formulations no. 24, no. 11, no. 25)
were wetted with an identical water level, then imme-
diately extruded or equilibrated for different periods of
time (Table 2. Compared to the formulation extruded

was a slight change in the value of SSF when the pH
of the buffer was varied, but a marked decrease, from
10.42 kN of formulation no. 11 to 7.72 kN of formula-

tion no. 18, in the value of SSF can be seen when the

immediately after preparing the wet powder mass, a same weight of distilled water was used as the binder
gradual decrease, from 10.53 to 10.42 kN, in the value liquid instead of the buffer.

100

BL (%)

(NoY) 4SS

LSA (%)

Fig. 2. The influence of the ratios of chitosan (LC) to sodium alginate (LSA) with a total level of 4%, represented by the values of LSA,
on the “best” binder liquid levels (BL) and the steady-state extrusion forces required for the “best” formulations (SSF).
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Table 3
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Weight in modal sieve fractions, median diametgy) (and inter-quartile range (IQR) of pellets produced from the best formulations used
to investigate the influence of chitosan, sodium alginate and formulation variables on the formation and drug release from pellets

Formulation Sieve fractionp(m) Weight (%) in modal sieve fraction dg (pm) IQR (um)
1 1700-2000 42.84 1698 108
2 1400-1700 49.55 1652 108
3 1700-2000 46.89 1675 107
4 1400-1700 49.75 1645 107
5 1700-2000 47.72 1694 106
6 1700-2000 46.12 1683 107
7 1400-1700 60.85 1645 107
8 1700-2000 44.95 1653 108
9 1000-1400 80.50 1293 106

10 1400-1700 57.04 1584 107

11 1400-1700 49.33 1664 108

12 1700-2000 43.30 1702 108

13 1400-1700 62.25 1594 108

14 1400-1700 51.14 1629 108

15 1400-1700 45.27 1658 107

16 1700-2000 51.62 1695 107

17 1400-1700 47.15 1657 108

18 1400-1700 46.62 1693 110

19 1000-1400 54.09 1383 105

20 1000-1400 66.56 1339 106

21 1400-1700 62.46 1576 108

22 1000-1400 82.90 1296 105

23 1400-1700 43.90 1707 108

24 1400-1700 47.73 1665 108

242 1400-1700 49.95 1662 108

25 1400-1700 49.18 1658 108

26 1400-1700 53.33 1406 106

27 1000-1400 79.60 1284 107

28 1700-2000 47.24 1711 108

29 1400-1700 33.79 2017 120

@ Formulation no. 24, the binder liquid level of which was identical to that of formulations no. 11 and no. 25 but 24 extruded immediately.

3.1.3. Characterisation of the pellets

3.1.3.1. Sze analysis. The results of sieve analysis
showed that for the formulations studied, the most fre-
guently occurring sieve fraction was 1400-1701,
seeTable 3 Thus, this size range was used for the eval-
uation. In relation to sieve fraction 1000—140, the
yield of pellets in sieve fraction 1400-17@n was
generally higher, except for formulations no. 9, no.
20, no. 22 and no. 27 containing chitosan and with-
out sodium alginate and formulation no. 19 with no
chitosan and sodium alginate.

The median diameter of pelletsly) varied from
1284p.m (formulation no. 27 containing 16% chi-
tosan) to 2017%um (formulation no. 29 containing 16%
sodium alginate), depending on the formulation vari-

ables. The inter-quartile range (IQR) values were ap-

proximately 10Qum, indicating a very narrow size
range of pellets was produced. In fact, with a rela-
tively small difference in the size distribution, it can
be observed that the highest value of the IQR was
120pm and was obtained from formulation no. 29
containing 16% sodium alginate. The lowest value of
the IQR was 102.m, observed with formulation no.
19 containing no added polymer and no. 22 contain-
ing 4% chitosan. For example, nearly 90% of pellets
lying within two consecutively selected sieve fractions
(1000-1400 and 1400-17@@n) were produced from
formulations no. 9, no. 20, no. 22, no. 26, and no. 27,
which contained only chitosan and formulation no. 19
with no added polymer. Thus, overall results reflected
that the size and size distribution of pellets were in-
fluenced by the presence of chitosan and/or sodium
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alginate in the formulation. The smaller size and uni-
form size distribution, in particular within the selected
size range (1000-17Q@0m) could be obtained when
only chitosan was incorporated into the formulation or
there was no added polymer in the formulation. This
implied that the extrudate containing sodium alginate
could not be easily broken into short lengths and pos-
sessed lower plasticity than the extrudate, which did
not contain sodium alginate. The spheronisation time
of 30min required for all formulations, which con-
tained sodium alginate confirmed this conclusion.
Other formulation factors studied, including the val-
ues of LP, LA, PH, and the equilibrium time exerted
slight influence on the size of pellets produced from
the “best” formulation. There was no relationship be-
tween the value of BL, which was required for each
formulation and the size of pellets produced.

49

3.1.3.2. Shape and shape outline. The values of the
shape factor, which varied from 0.5211 to 0.6799 and
the aspect ratio ranging from 1.058 to 1.144, repre-
sented the best roundness of pelldshle 4. A max-
imum value of the shape factor and a minimum value
of the aspect ratio was obtained for formulation no. 18
in which each polymer was incorporated at 2% level
and distilled water was used as the binder liquid, while
a minimum value of the shape factor and a maximum
value of the aspect ratio was observed in formulation
no. 22 containing 4% of chitosan and using the pH 5.4
buffer as the binder liquid. With respect to the pH level
of binder liquid, there were differences in the values
of shape parameters, yet the relation between the pH
level of binder liquid and the value of shape parame-
ters cannot be identified. On the other hand, changes
in the shape of pellets can be related to the value of

Table 4

Shape factor, aspect ratio and perimeter (mean and standard deviatioB0—40) of pellets, in sieve fraction 1400-170®, produced

from the formulations used to investigate the influence of chitosan, sodium alginate and formulation variables on the formation and drug
release from pellets

Formulation Binder liquid level (%) Shape factor Aspect ratio Perimaien)(
1 43.2 0.5858 (0.0888) 1.101 (0.045) 5489 (256.3)
2 43.2 0.5849 (0.1196) 1.134 (0.233) 5342 (325.9)
3 44.8 0.6530 (0.1095) 1.072 (0.046) 5199 (256.6)
4 48.8 0.5908 (0.1128) 1.105 (0.069) 5280 (252.2)
5 40.0 0.6125 (0.0887) 1.088 (0.040) 5408 (262.8)
6 42.0 0.6559 (0.0952) 1.070 (0.044) 5266 (310.0)
7 46.0 0.5754 (0.1215) 1.116 (0.069) 5615 (275.8)
8 56.8 0.6240 (0.1103) 1.087 (0.057) 5410 (209.1)
9 56.0 0.5591 (0.0850) 1.116 (0.045) 4849 (120.9)

10 54.0 0.6262 (0.0771) 1.080 (0.036) 5160 (224.0)

11 45.0 0.6399 (0.1247) 1.101 (0.195) 5161 (332.3)

12 50.0 0.6394 (0.0821) 1.087 (0.084) 5229 (975.7)

13 40.0 0.6017 (0.1069) 1.096 (0.050) 5298 (257.7)

14 44.8 0.5865 (0.1123) 1.107 (0.060) 5515 (272.5)

15 44.8 0.6247 (0.1009) 1.085 (0.052) 5300 (220.8)

16 44.8 0.6113 (0.0985) 1.088 (0.048) 5175 (253.7)

17 44.8 0.6249 (0.0995) 1.080 (0.041) 5100 (296.6)

18 45.0 0.6799 (0.1055) 1.058 (0.045) 5087 (261.6)

19 54.0 0.5915 (0.1038) 1.104 (0.074) 4888 (248.8)

20 60.0 0.6278 (0.1165) 1.095 (0.117) 4585 (205.4)

21 42.4 0.5504 (0.1269) 1.134 (0.079) 5769 (314.4)

22 54.0 0.5211 (0.0951) 1.144 (0.057) 5218 (153.7)

23 40.0 0.5879 (0.1356) 1.117 (0.100) 5421 (230.6)

24 47.2 0.6429 (0.1049) 1.075 (0.043) 5342 (245.8)

25 45.0 0.6156 (0.1377) 1.131 (0.280) 5459 (379.7)

26 70.0 0.6121 (0.0702) 1.089 (0.037) 4699 (222.9)

27 74.8 0.5928 (0.0984) 1.095 (0.048) 5550 (129.4)

28 48.0 0.5782 (0.1241) 1.118 (0.077) 5563 (238.9)

29 56.0 0.5315 (0.1043) 1.139 (0.063) 5990 (401.6)
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Fig. 3. The influence of the levels of sodium alginate (LSA), with the presence and absence of chitosan in the formulation, on the shape

of pellets for the “best” formulations.

LSA and/or the value of LC in the formulations. It was
observed that from 1 to 3% of the LSAi@. 3), the

3.1.3.3. Density and porosity. The density of pel-
lets produced from most of the formulations stud-

presence of both sodium alginate and chitosan in the ied appeared to be in the range of 1300-1400 Rg/m

formulations improved the roundness of pellets, re-
flecting an increase in the value of the shape factor.

(Table 5. The higher density of pellets was found
for formulation no. 5 (1437 kg/R) containing 30%

The value of the shape factor slightly decreased when MCC, formulations no. 21 (1418 kgApand no. 29
sodium alginate or chitosan was incorporated alone (1488 kg/nt) which contained 4 and 16% sodium al-

at 4, 8 and 16% levels. Although the aspect ratio of

ginate, respectively, while the lower density of pellets

pellets was generally congruent with the shape factor, was obtained from formulation no. 27 (1281 kgjm
the aspect ratio was a poor indicator of the difference with 16% chitosan.

between each formulation and hence it will not be

In the group, which varied the value of LA, a

discussed further here. It is clear that the value of the lower density of pellets was observed when the level
aspect ratio is not a sensitive parameter to assess theof MCC in the formulation was increased from a
sphere quality in spite of its persistent use in studies 30% level. Further, looking at the influence of chi-

of pellet properties.

The perimeter of pellets was proposed to be a
parameter defining the size of pellets in sieve frac-
tion 1400-170Qum. Except for formulations no.
9, no. 20 and no. 26 in which only chitosan was
added, and formulation no. 19 with no added poly-
mer, having perimeter values of less than 5068
most of the formulations had perimeter values of
greater than 500@m. The minimum perimeter value
(4585um) was found for formulation no. 20 con-
taining 4% chitosan, while the maximum perimeter
value (599Qum) was obtained for formulation no.
29 with 16% sodium alginate. Therefore, these re-
sults could support the influence of chitosan and
sodium alginate on the pellet size, as previously
discussed.

tosan or sodium alginate incorporated alone at 4, 8
and 16% levels in the formulations, there was a rel-
atively marked decrease and increase in the density
of pellets only at 16% values of LC and of LSA,
respectively. The change in the density of pellets
cannot be clearly related to the density of MCC
(1558 kg/n?), chitosan (1472kg/® and sodium
alginate (1702 kg/).

The porosity (here defined as 1—the ratio of the
apparent pellet density to the apparent particle den-
sity) of pellets produced was generally higher than
10%, although the values varied from 0.042 (4.2%)
to 0.155 (15.5%) Table 5. A minimum porosity of
pellets was observed for formulation no. 29 contain-
ing 16% sodium alginate, while a maximum porosity
was found for formulation no. 27 containing 16%
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Table 5

Density and porosity (mean and standard deviatiors: 3) of
pellets, in sieve fraction 1400-17QMn, produced from the best
formulations used to investigate the influence of chitosan, sodium
alginate and formulation variables on the formation and drug
release from pellets

Formulation Density (kg/f) Porosity
1 1340 (0.001) 0.135 (0.001)
2 1339 (0.001) 0.132 (0.001)
3 1325 (0.001) 0.121 (0.000)
4 1324 (0.001) 0.092 (0.000)
5 1437 (0.002) 0.060 (0.001)
6 1344 (0.001) 0.122 (0.001)
7 1332 (0.001) 0.131 (0.001)
8 1325 (0.000) 0.135 (0.000)
9 1340 (0.001) 0.122 (0.001)
10 1334 (0.001) 0.127 (0.000)
11 1319 (0.000) 0.138 (0.000)
12 1299 (0.000) 0.153 (0.000)
13 1348 (0.001) 0.122 (0.001)
14 1324 (0.001) 0.135 (0.000)
15 1343 (0.001) 0.122 (0.000)
16 1336 (0.001) 0.127 (0.001)
17 1366 (0.001) 0.108 (0.001)
18 1342 (0.001) 0.123 (0.001)
19 1385 (0.000) 0.095 (0.000)
20 1372 (0.001) 0.101 (0.000)
21 1418 (0.001) 0.076 (0.000)
22 1359 (0.002) 0.110 (0.001)
23 1332 (0.002) 0.133 (0.001)
24 1304 (0.001) 0.148 (0.001)
242 1322 (0.001) 0.137 (0.001)
25 1338 (0.001) 0.126 (0.001)
26 1310 (0.001) 0.140 (0.001)
27 1281 (0.001) 0.155 (0.000)
28 1356 (0.001) 0.120 (0.001)
29 1488 (0.001) 0.042 (0.001)

2 Formulation no. 24, the binder liquid level of which was iden-
tical to that of formulations no. 11 and no. 25 but 24 extruded

immediately.

3.1.4. Invitro drug release

Disintegration was observed to occur within the first
5-10 min of the dissolution time for the pellets pro-
duced from formulations no. 9, no. 20, no. 22, no. 26
and no. 27, which contained varying amounts of chi-
tosan and with no sodium alginate. In each case, the
value of LC did not appear to be an important factor
for the disintegration time of the pellets. The reason of
this disintegrating effect was not identified, although
it could be attributed to the property of chitosan acting
as a disintegrant, as has been used in a tablet formu-
lation (e.g.Sawayanagi et al., 1982Conversely, the
addition of chitosan, had previously reported to retard
drug release (e.glapia et al., 1993; Goskonda and
Upadrashta, 1993 The pellets produced from other
formulations, except formulation no. 10 with 3% of
chitosan and 1% of sodium alginate, which had ex-
tended disintegration times, remained intact after com-
pletion of the dissolution studies. Typical dissolution
profiles of some formulations used to investigate the
influence of the formulation variables are illustrated
in Fig. 5.

The characteristics of the dissolution profiles, as-
sessed by the area under the dissolution curve (AUC),
the mean dissolution time (MDT) and the variance as-
sociated with the MDT (VR) of drug (paracetamol)
release from pellets, are presentedéable 6 The val-
ues of VR were found to be 0.08 tior formulations
no. 9, no. 20, no. 22, no. 26 and no. 27. The steep-
ness of the curve was attributed to the disintegration of
pellets made from these formulations. The lower val-
ues of VR were also found for the pellets with faster
drug release. Frorhig. 6, it is apparent that when the
ratio of sodium alginate to chitosan increased, with
a total level of chitosan and sodium alginate of 4%,
the values of AUC and MDT increased. The substi-
tution of chitosan by 1% of sodium alginate resulted

chitosan. This difference reflected that a dense struc-in a reduction of the disintegration effect of chitosan,
ture of pellets possibly resulted from the addition and was reflected by an extended disintegration time.
of sodium alginate and a looser structure of pellets No disintegration effect was observed when incorpo-
could be obtained from the presence of chitosan in rating equal parts of chitosan and sodium alginate or
the formulation. However, such conclusion cannot when the relatively high levels of LSA were studied.
be easily established, due to the fact that the resultsIn relation to formulation no. 19 with no added poly-
involved a number of formulation variables. It was mer (AUC = 23.9% h; MDT = 0.25h), an increase
observed that the higher the density of pellets, the in the value of AUC from 5.8 to 36.8% h and in the
lower the porosity. The influence of the added poly- value of MDT from 0.06 to 0.38 h occurred when the
mers on the density and porosity of pellets is shown in level of sodium alginate increased from 0 to 4% in
Fig. 4 formulations no. 9—13. This could indicate a relatively
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Fig. 4. The influence of the ratios of chitosan (LC) to sodium alginate (LSA) with a total level of 4%, represented by the values of LSA,
on the density and porosity of pellets for the “best” formulations.

prolonged drug release effect of sodium alginate in the AUC from 16.8 to 71% h and an increase in the value
pellets. However, the values of AUC and MDT for for- of MDT from 0.18 to 0.75h. This may be due to the
mulations no. 28 (AUC= 27.7% h; MDT = 0.29 h) change in the porosity of pellets from 0.135 (13.5%)
and no. 29 (AUC= 34.0% h; MDT = 0.35 h) did not to 0.092 (9%) and the corresponding reduction of lac-
show a greater effect by increasing the value of LSA tose content (LL) from 43.5 to 6% when the value
up to 8 and 16%, respectively. of LP in the formulation was increased. Lactose is a
In addition to the influence of chitosan and sodium highly soluble excipient in the formulation. Therefore,
alginate in the formulations, changes in the values of during the dissolution process there was the possibil-
AUC and MDT were observed when the level of LP ity of a rapid increase in the porosity of pellets, which
was variedFig. 7). Increasing the level of LP in pellets  contained considerable amounts of lactose. These pel-
from 2.5 to 40% resulted in an increase in the value of lets allow the dissolution medium to penetrate into the
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Fig. 5. The influence of the levels of paracetamol (LP): (1) 2.5%, (2) 5%, (11) 10%, (3) 20%, (4) 40%, on drug (paracetamol) release
from pellets.
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Table 6

Area under the dissolution curve, AUC; mean dissolution time, MDT; variance associated with the MDT, VR; relative dispersion of
the dissolution time, RD (mean and standard deviatior; 6) and release model, RM of drug release from pellets, in sieve fraction
1400-170Q.m, produced from the best formulations used to investigate the influence of chitosan, sodium alginate and formulation variables

on the formation and drug release from pellets

Formulation AUC (% h) MDT (h) VR (R) RD RMm?
1 16.8 (0.5) 0.18 (0.01) 0.03 (0.01) 0.774 (0.017) 2
2 20.1 (0.4) 0.21 (0.00) 0.04 (0.01) 0.817 (0.020) 2
3 37.6 (0.9) 0.39 (0.01) 0.14 (0.03) 0.828 (0.014) 2
4 71.0 (1.5) 0.75 (0.02) 0.53 (0.03) 0.952 (0.010) 1
5 22.0 (0.4) 0.23 (0.01) 0.04 (0.00) 0.667 (0.013) 3
6 23.8 (0.6) 0.24 (0.01) 0.05 (0.00) 0.821 (0.009) 2
7 25.6 (0.6) 0.27 (0.01) 0.05 (0.00) 0.704 (0.006) N
8 34.9 (0.9) 0.37 (0.01) 0.13 (0.01) 0.944 (0.021) 1
9 5.8 (0.2) 0.06 (0.00) 0.00 (0.00) 0.372 (0.012) 0

10 15.1 (0.3) 0.16 (0.00) 0.01 (0.00) 0.508 (0.008) N

11 25.0 (0.3) 0.26 (0.01) 0.06 (0.01) 0.790 (0.008) 2

12 27.5 (0.5) 0.29 (0.00) 0.06 (0.00) 0.764 (0.021) 2

13 36.8 (0.8) 0.38 (0.01) 0.13 (0.01) 0.930 (0.033) 1

14 27.9 (0.3) 0.29 (0.00) 0.07 (0.00) 0.810 (0.026) 2

15 23.6 (0.9) 0.25 (0.01) 0.05 (0.01) 0.785 (0.015) 2

16 28.5 (0.6) 0.30 (0.01) 0.08 (0.01) 0.897 (0.037) N

17 26.1 (0.9) 0.27 (0.01) 0.06 (0.01) 0.755 (0.020) 2

18 21.9 (0.4) 0.23 (0.00) 0.04 (0.01) 0.652 (0.007) 3

19 23.9 (0.3) 0.25 (0.01) 0.05 (0.00) 0.826 (0.021) 2

20 8.6 (0.2) 0.09 (0.00) 0.00 (0.00) 0.303 (0.011) 0

21 35.9 (0.2) 0.37 (0.00) 0.13 (0.01) 0.907 (0.007) N

22 7.2 (0.2) 0.08 (0.01) 0.00 (0.00) 0.335 (0.012) 0

23 37.2 (0.6) 0.39 (0.01) 0.13 (0.01) 0.841 (0.009) 2

24 26.0 (0.5) 0.27 (0.01) 0.05 (0.00) 0.721 (0.016) N

25 25.9 (0.8) 0.27 (0.01) 0.05 (0.01) 0.738 (0.011) N

26 4.7 (0.3) 0.05 (0.00) 0.00 (0.00) 0.262 (0.042) 0

27 4.2 (0.2) 0.05 (0.01) 0.00 (0.00) 0.154 (0.081) N

28 27.7 (1.1) 0.29 (0.01) 0.07 (0.00) 0.795 (0.031) 2

29 34.0 (1.0) 0.35 (0.01) 0.11 (0.01) 0.901 (0.005) N

2 Release model: 1, first order; 2, square root; 3, cube root; 0, zero order; N, no simple kinetics.
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Fig. 6. The influence of the ratios of chitosan (LC) to sodium alginate (LSA) with a total level of 4%, represented by the values of LSA,
on the mean dissolution time (MDT) and the area under the dissolution curve (AUC) of pellets.
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Fig. 7. The influence of the levels of paracetamol (LP) on the mean dissolution time (MDT) and the area under the dissolution curve
(AUC) of pellets.

matrix quickly and hence ensure fast release of parac-tion medium penetrated into the pore of the matrix
etamol. and dissolved paracetamol, which then diffused out

In the set of the formulations in which the level of from the pellet. The influence of the level of LP on the
LSA was the variable, an increase in the values of AUC release rate mechanism of paracetamol was evident.
and MDT of drug release can be seen for formula- Here formulation no. 4 with a maximum paracetamol
tion no. 8 with 70% MCC (AUC= 34.9% h, MDT = level (40%) was indicated as a first order mechanism
0.37 h) Fig. 6). This effect may also be explained by (RD = 0.952 4+ 0.010). Thus, paracetamol release
the influence of lactose content (16%), which was rel- from pellets was dependent on the amount of paraceta-
atively small in this formulation and may be due to the mol remaining in the pellets. The release rate mecha-
matrix behaviour of MCC with a substantial amountin nism of paracetamol from pellets of formulation no. 8
the formulation, which could prolong the drug release. containing a maximum level of MCC (70%) was the
The influence of other formulation factors on the val- same (RD= 0.944+0.021). The dissolution of parac-
ues of AUC and MDT of drug release was not readily etamol seemed to be the rate-limiting factor (RD
apparent. Nevertheless, it is possible that the dissolu-0.667+ 0.013) for its release from pellets of formula-
tion behaviour of most pellet formulations could be tion no. 5 with the minimum level of MCC (30%). This
dominated by a level of lactose of at least 36% in the was also likely to control the release rate of paraceta-
pellet, as has been reported previousliafque et al., mol from pellets of formulation no. 18, where distilled
1995. water was the binder liquid (RB: 0.6524 0.007).

The mechanism of drug release from pellets could Further, a marked influence on the release rate
be identified, based on the value of the relative disper- mechanism can be related to the ratio of chitosan
sion of dissolution time (RD), as proposedWyegele to sodium alginate. When the ratio of LC to LSA
et al. (1988) A compromise must be made, based on was changed from 4:0, 2:2, 1:3 to 0:4, the release
the value of standard deviation, in order to fit the kinet- rate mechanism changed from zero order (Rb
ics of drug release into one of the mechanism models 0.372+ 0.012), square root (RR= 0.790+ 0.008),
(Table §. In fact, it was apparent that the drug release square root (RD= 0.764+ 0.021) and became first
for some formulations of pellets studied did not fol- order mechanism (RB= 0.930+ 0.033). At a 3:1
low the defined release mechanisms, or overlapping ratio of LC to LSA, the mechanism of paraceta-
release mechanisms may occur. mol release cannot be identified with simple kinetics

For most of the formulations studied, the release (RD = 0.5084 0.008). Thus, it was apparent that the
rate mechanisms were dominated by the diffusion pro- first order mechanism was present for paracetamol
cess (approximate RB:= 0.8), in which the dissolu-  release from pellets of the formulations containing
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sodium alginate as a single added polymer, while the 3.2.1. Analysis of variance

zero order mechanism of paracetamol release can be The results of the analysis of variance are shown in
seen for the formulations, which contained chitosan as Table 7 Since for each formulation, the data of size
a single added polymer and where the disintegration analysis were obtained from one experiment, they can-
effect was observed. However, due to the disintegra- not be compared using this statistical analysis. At a
tion effect within the first measuring time, the RD significance level ) of 0.05, there was a significant
values of the latter formulations were the estimated difference in the values of SSF, perimeter, density and
values and hence the zero order mechanism couldporosity of pellets, responding to the change of each
not be validated. In addition, the interpretation of the factor studied. No significant difference can be seen
results could be influenced by a quantity of lactose in in the value of the aspect ratio of any of the groups,
the formulations as described earlier. although there was a significant difference reflected in
the value of the shape factor. A significant difference
in the shape factor of pellets was not, however, present
when the equilibrium time of the wet mass was varied
or when the interaction between the levels of PH and
LSA in the formulation was evaluated. Nevertheless,
as the sphericity data were the criteria for selecting
the “best” binder liquid, it is reasonable that the val-
ues of the shape factor and the aspect ratio of the pel-
lets produced from the “best” formulations were very

3.2. Satistical analysis

Three procedures of statistical analysis were applied
in an attempt to identify a relationship between for-
mulation variables and formulation responses.

The analysis of variance was first applied to screen
whether there was a significant difference among the
sample means of data for each factor studied, hence .
the non-significant parameters could be excluded from similar.

the subsequent statistical analyses. Second, the canon- The vaIue.s of A.UC lanq. MDT .Of the drug release
ical analysis, which is a multivariate analysis, was profiles varying, with significant differences and were

conducted to signify the influence of each single pa- influenced by each factor studied. There was no sig-

. : . nificant difference in the value of MDT when varying
rameter and the interrelationship between two groups o ) . B ’
i . . the equilibrium time before extrusion for the “best
of variables. Finally, as suggested by the first and the ellet formulation
second statistical analysis, multiple regression analy- P '
sis was employed to identify possible empirical mod-
els of the relationship between significant formulation
variables and formulation behaviours.

3.2.2. Canonical analysis
The canonical analysis as applied Bodczeck
et al. (1993)o a pharmaceutical study was employed

Table 7

The results of the analysis of variande-{alues) comparing the sample means of data for each factor studied

Group? sSSP Shape factdy Aspect rati8 Perimetef? Density Porosity AUCP MDTP

| 158.48 2.82 1.00 6.67 353.75 2644.17 4112.10 2334.44
Il 872.50 248 1.00 12.17 4671.25 5288.93 425.10 187.80
1] 839.19 393 1.48 34.26 >17724.44 6533.53 2525.84 1571.67
\Y, 142.18 261 1.04 10.64 871.20 689.31 99.14 60.00
\Y 29.76 6.72 2.39 63.44 662.48 829.36 8119.13 920.04
\ 372.48 1.18 1.49 60.03 2669.71 4016.52 867.43 343.30
VI 143.01 1.00 1.00 7.07 1827.00 546.87 557 2.00
VI 58.94 1.04 1.00 7.75 656.00 199.08 - -

SSF: steady-state extrusion force for the “best formulation; AUC: the area under dissolution curve; MDT: the mean dissolution time” (-)
not studied.

2|, formulations no. 1-4 and no. 11; Il, formulations no. 5-8 and no. 11; Ill, formulations no. 9-13, no. 19, and no. 26-29; 1V,
formulations no. 14-18 and no. 11; V, formulations no. 9, no. 19, no. 20, and no. 22; VI, formulations no. 13, no. 19, no. 21, and no.
23; VII, formulations no. 11, no. 24 and no. 25; VIII, formulations no. 11, no. 24, and no. 25.

b Bold characters show significant differences at a significance |&)ebf(0.05.
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to qualify and quantify the interrelationship between or V) of the same range; the “global” measures of re-
two groups of variables which were the influencing dundancy ¢%,, andg?,,,) describing which part of
factors or independent variable§,and the dependent  the whole variance of one range can be explained by
variables,Y. The basic requirement for the applica- the canonical variables of the other range and the in-
bility of the canonical analysis, such as a number of terranging communalrtleslﬁ v anddY y) presenting
experiments performed with replications and signif- the part of variance of one varlable whrch can be ex-
icant difference of values included in the group of plained by the canonical variables of the other range.
independent variables which were unrelated to each The complete canonical solution is achieved if firstly
other, must be achieved. g%/u is 1.0 andg3,,, is 1.0 or less which infers that

In the present analysis, based on the result of the the experimental design was well balanced, and sec-
analysis of variance, the independent variables were ondly the “global” measures of redundangﬁ,/v and
the formulation variables, including the verlues of LP, 8%/1/ are less than 1.0. For further discussion, how-
LA, LC, LSA and pH, and dependent variables were ever,gf,/U will be considered Whi|%§(/v is not rele-

'grsego[rr]nulatl(;n responsis, |r|1|cltud|n_g the v;iluesfof BL, vant as the variables studied were chosen to evaluate
i ’ 9 p(ir org1anc;e of pe e.ts (S'Z%d)(ti apﬁ ac-t whether, and to what extent, formulation variables or
or, perimeter, density, porosity), an € character- independent variables influenced the dependent vari-

'iujé of grs&:gl_lr_mo_lr_rhprofrles to f r;aracetamct)l pellgc'[is ables rather than to make an empirical prediction about
( q han Al\ibVAehajng tr'? '3 ;’r\:as no cor;sr " the independent variables from the results of depen-
ered here as ad ldentined this parameter as o \ariaples. In all cases, the extracting measuring

non-significant. The canonical analysis was divided alueSgX/Uarel Oan@ | are less than 1.0Téble §

]ltlntor:hreefs%ecr:;trl}orllst.iTrr:(\a/flrristbsl,ectronnt(r:]on\?u?ered tfthln indicating that the mvestrgatrons were well designed
uence of formuation variablies on the values o '’ and led to complete canonical solutions.

itssl': :23 (:r?eﬂ;ifgr:gnse;i?i:ne g(s)l:lii?jg?err)jo:ﬁ:%ﬁl:gsge F:onsidering the fir;t section of the canonical anal-
of fr)rmulation variables on the shape factor and the - (I'z_;lble §, the Wilk's test4 (4 = 0.00002;

) . X . approximateF-value = 53.06; f1 = 25, f» = 76
median diameter values of pellets. These two sections ;" 0.001) signifies a global interdependence be-

vr;/]eretiprnosozeglto exatlﬁlate Itlh? flnrl‘rlzetrilcs rOfI tgﬁ f?r- tween the independent variableX) (or formulation
ulation variables on the pefiet tormation re'aling 1oy, o hjes and the dependent variable$, (includ-

:E? dextruts_ron and .theéot?:sat'%n procesfs]; Fma:h([’. the ing the values of BL, SSF, perimeter, density and
Ird section considered the influence ot formulation porosity of pellets. The “global” measure of redun-

variables on the characteristics, in terms of the values dancy, 85/(1 indicates that not more than 56.8% of

0]: AUC art\d M?T' |c|>ftthe in vitro dissolution profiles the values of dependent variables can be explained
0 gar[?]ce amlr_) p,f N Sf' ical vsis. the sianif by the canonical variables of (U). Therefore, there
y the appflication of canonical analysis, the Signit= - g, e some other uncontrolled factors, which in-

ican_ce of a global interdependence betvxreen the influ- fluenced this group of dependent variables but which
enC|n%\E)ar|ta;]bI?Ns>,.(l,kaSr)1dtth? deper";?enrv?rrflbltefs?rg have not been identified. Comparing the interranging
proved by the vWi est (a multivariate test of sig- communalities, the result shows that each dependent

tmfrc%nce).tﬁ IS ap%roxwfngred on_to thé'%'imbu“?n variable was significantly influenced by some of the
0 reduce the humber ot dimensions and hence 10 €asg mquencmg factors. The influence on the value of BL

interpretation, comparing the calculated value with the |, = 0.841) was greater than that on the density
tabulated value for a first and second degree of free- E / .
. L (ddensity v = O- 730) porosity { y = 0.691),
dom,f; andf,, at a given level of significanc®( P < th ensity ¢ °r°5' {
. . . o e perimeter 4p weyy = 0.6 4) of pellets and

0.05). The interpretation of the result of this multivari- erjmetef

¢ Vsi d ived Bod K et al. (1993 the value of SSFa(SS y = 0.595). The interranging
ate analysis, as described Bypdczeck et al. ( ) communalities further indicate that the main influenc-

Can_?ﬁ macile th consrderm%%(the fogovzvmg_uz_eful Val- ing factors of these dependent variables were the levels
ues: the extracting measureg (,, andg? ) indicat- paracetamold?s,, = 0.964), chitosandZ,,, =

ing which part of the whole variance of one range ( ) )
or Y) can be explained by the canonical variables ( 0-835) and sodium alginateifs, , = 0.816). The
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Table 8

The results of canonical analysis applied to influencing factors,
X (LP, LA, LC, LSA, PH) and dependent factor¥, (BL, SSF,
perimeter, density, porosity)

Parameter Canonical F-value Significance
analysis level (P)
Test of significance
A 0.00002 53.06 <0.001
Extracting measures
g% U 1.000
gy 0.796
“Global” measures of redundancy
g%/v 0.494
&y 0.568
Interranging communalities
d)z(/v
2y 0.964 64.05 <0.001
d2n )y 0.679 4.11 0.008
iy 0.835 11.07 <0.001
dZsasy 0.816 9.54 <0.001
By 0.345 1.00 n.s.
a3y
Y 0.841 11.60 <0.001
d3spy 0.595 2.63 0.049
2
E— 0.664 3.78 0.011
diensity v 0.730 5.47 0.002
2
A2 rosity v 0.691 4.39 0.006

LP: level of paracetamol; LA: level of microcrystalline cellulose
(Avicel PH101); LC: level of chitosan; LSA: level of sodium
alginate; PH: pH level of binder liquid; BL, the “best” binder liquid
level; SSF: steady-state extrusion force for the “best” formulation.

* ApproximateF-value withf; f, (25; 76). n.s., not significant
(P> 0.05).

level of MCC @'EA/V = 0.679) can also be related to
the behaviour of these formulations, although it was
a less important factor. The pH level of binder liquid
(d@,H/v = 0.345) did not have a significant influence
on any of the responses.

Looking at the result of canonical analysis in the
second sectionTable 9, the Wilk's test (A = 0.202;
approximateF-value =5.63; f1 = 10, fo = 46; P <
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Table 9
The results of canonical analysis applied to influencing factrs,
(LP, LA, LC, LSA, PH) and dependent factorg,(shape, size)

Parameter Canonical F-value Significance
analysis level (P)
Test of significance
A 0.202 5.63 <0.001
Extracting measures
& u 1.000
g,z,/v 0.270
“Global” measures of redundancy
&y 0.344
g 0.211
Interranging communalities
&y
dipy 0.056 1.00 n.s.
d2ny 0.098 1.00 n.s.
dfc/v 0.612 8.08 0.002
dESA/V 0.844 33.55 <0.001
E 0.100 1.00 n.s.
2
dY/U
20 0.796 8.33 <0.001
- 0.369 1.00 n.s.

LP: level of paracetamol; LA: level of microcrystalline cellulose
(Avicel PH101); LC: level of chitosan; LSA: level of sodium
alginate; PH: pH level of binder liquid; size: geometric mean pellet
diameter; shape: shape factor.

* ApproximateF-value withfi; f, (10; 46). n.s., not significant
(P> 0.05).

the interranging communalities that the shape factor of
pellets szhape,‘U = 0.369) was not significantly influ-
enced by the formulation variables, while the median
pellet size Sziz y = 0.796) was related to some of
the formulation variables, namely the levels of sodium
alginate @7, ,, = 0.844) and chitosandf.,, =
0.612). The results for the shape factor are reasonable
because the pellet formulations were optimized for the
“best” shape, i.e. being round. Hence, any true rela-
tionship should be restricted by the choice of samples
chosen.

In the last section of canonical analysi@ble 10,

0.001) indicates a global interdependence between thethe relationship between the formulation variables

formulation variables and the dependent variables, in-

cluding the values ofl, and shape factor of pellets.
The value of 21.1% of the “global” measure of re-
dundancyg§/ y reflects that a good overall prediction

and the characteristics of dissolution time profiles of
paracetamol release was considered. The Wilk's test
(A = 0.104; approximatd--value = 9.23; f1 = 10,

f2 = 44; P < 0.001) signifies the interdependence

of dependent variables by the canonical variables of between the formulation variables and the dependent
X cannot be achieved. However, it can be seen from variables including the values of AUC and MDT.
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Table 10
The results of canonical analysis applied to influencing factérs,
(LP, LA, LC, LSA, PH) and dependent factorg,(AUC, MDT)

Parameter Canonical F-value Significance
analysis level (P)
Test of significance
A 0.104 9.23 <0.001
Extracting measures
& 1.000
&y 0.465
“Global” measures of redundancy
gi/v 0.288
g?,/U 0.818
Interranging communalities
2
dX/V
iy 0.753 17.04 <0.001
a2y 0.373 1.00 n.s.
i)y 0.660 10.04 0.001
disay 0.512 4.61 0.019
By 0.189 1.00 n.s.
2
dY/U
d3ucu 0.905 20.76 <0.001
dioT v 0.905 20.72 <0.001

LP: level of paracetamol; LA: level of microcrystalline cellulose
(Avicel PH101); LC: level of chitosan; LSA: level of sodium
alginate; PH: pH level of binder liquid; AUC: area under the
dissolution time curve; MDT: mean dissolution time.

* ApproximateF-value withfy; f; (10; 44). n.s., not significant
(P > 0.05).

The “global” measure of redundangy?,,; indicates
that the predictability of 81.8% for the values of the
AUC and MDT from the canonical variables of
can be achieved. Comparing the interranging com-
munalities, it can be inferred that the values of AUC
and MDT were equally inﬂuenceaﬂﬁuc/U = 0.905,

d,\ZADT/U = 0.905). Further, the result indicates that
the main influencing factor of these parameters was
the value of LP 7, = 0.753). The significant in-
fluence of the level of chitosanit;,,, = 0.660) and
sodium alginate CQ%A/V = 0.512) also existed but
were less important. No significant influence can be
related to the level of MCCJLZA/V = 0.373) and the

pH of binder liquids (ZSH/V ~ 0.189).

3.2.3. Multiple regression analysis
As suggested by the result of the previous statistical
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and binding liquid level, pellet size and dissolution,
in terms of AUC and MDT have potential quantifiable
relationships.

The “best” binder liquid level (BL) is significantly
correlated to two formulation variables, the levels of
MCC and chitosan { = 52.34; f1 = 2, fo = 21,

P < 0.001). The adjusted coefficient of determination

(Badjusteg Of 0.817 shows an acceptable correlation,

although the calculated root mean square (RMS) of
16.02% indicates a certain lack of fit of the model. It

can be seen from the multiple regression equation:

BL = 0.376LA + 13505InLC+ 18464

that both the values of LC and LA are the main fac-
tors. The increase in the values of LC and/or LA in the
formulation results in an increase in the value of BL
required. Nevertheless, due to the logarithmic compo-
nent of LC, the extent of increase in the value of BL
is smaller at the relatively higher level of chitosan.
The median size of pellets is significantly correlated
to the levels of added polymer# (= 14584, f1 =
3, fo = 26; P < 0.001). The multiple regression
equation:

MEDIAN SIZE = 70.131LSA— 1.793LSA?
+48525LC x LSA + 13412

has theBagjusted value of 0.937 and RMS of 9.58%
indicates a good correlation of the model. The value
of LSA is shown to be an important factor affecting
the median pellet size. With a negative quadratic term,
the relationship between the value of LSA and the
median pellet diameter is a parabolic shaped down-
ward relationship. There is also a first-degree interac-
tion between the values of LSA and LC with a pos-
itive regression coefficient. Therefore, the change in
the median pellet size when varying the value of LSA
is dependent on the value of LC in the formulation.
The characteristics of the dissolution profiles for the
paracetamol release, the values of AUE £ 33.98;
f1 =3, fo=25; P < 0.001) and MDT ¢ = 33.42;
f1 =3, f =25; P < 0.001), are significantly corre-
lated to the values of LP, LC and LSA. TiBgjusted
values of 0.779 and 0.776 for the regression lines of
the AUC value and the MDT value, respectively, re-
flect the relatively good correlation, although the RMS
values of 47.45 and 47.31% for the correlation models

analyses, only the relationships between the variablesof the AUC value and the MDT value, respectively,
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show the lack of fit of both models. It can be seen
from the multiple regression equation:

AUC = 1.493LP— 1.941LC+ 0.852LSA+ 11.348
MDT = 0.016LP— 0.020LC+ 0.009LSA+ 0.117

that the values of AUC and MDT are positively related
to the values of LP and LSA and the effect of the LP
value is slightly more distinct. The values of AUC and
MDT also negatively respond to the change of the LC
value in the formulation.

4. Conclusions

The statistically designed experiment was able to
indicate the important formulation variables, which
influenced the formation of pellets prepared by the
process of extrusion/spheronisation and the in vitro

paracetamol release. In these experiments extrusion

was with a ram extruder fitted with a 1 mm die, which
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pellets remained intact. There was no implication of
the interaction between oppositely charged polymers,
in terms of retarding the drug release from pellets.
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