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Influence of process conditions on drug release from pellets
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Abstract

The preparation of pellets by the extrusion/spheronization process is widely used. Although a body of work already
exists which identifies the most important factors involved, there are areas of uncertainty still remaining. One of them
is the role of water. In addition to the effect water has on the physical characteristics of the pellets, some authors have
also noted that the amount of water required for extrusion can influence the dissolution profiles achieved with this
dosage form. The objective of this work was to study the different ways in which water can be considered an active
excipient in terms of the amount used to obtain the wet mass, the dispersion within the mass and the drying process.
To achieve this goal, a statistical design was performed, considering three levels for the first variable (water content)
and two for both the second (pre-extruser storage time) and third (drying process). Physical characteristics of the
pellets were analysed for pellets within the same fraction size of 1-1.4 mm diameter. The analysis indicated that the
amount of water and the extrusion and drying processes are of great importance and influenced the physical
characteristics of the resultant pellets. As the analysis of variance procedure indicates, the influence of the independent
variables on the dissolution characteristics of AUC, MDT, RDC and cumulative drug release after 12 h are related
in a complex manner to the different pellet performances. Hence, water should be considered as an ‘active’ excipient
rather than an inert component of the extrusion masses. Copyright © 1996 Elsevier Science B.V.
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1. Introduction suitable way of solving some problems connected
with classical oral pharmaceutical dosage forms.

Sustained release preparations have become a Certain drugs—principally those with a short

* Corresponding author. Tel.: +44 171 7535800; fax: + 44 half-life—are of more benefit when administered
171 7535942; e-mail: jissou@pharm.lon.ac.uk daily in a form which maintains the drug blood

0378-5173/96/315.00 Copyright © 1996 Elsevier Science B.V. All rights reserved
P11 S0378-5173(96)04745-X



160 J.J. Sousa et al. [ International Journal of Pharmaceutics 144 (1996) 159-169

level over the ‘minimum effective level’ (Ligarski
et al., 1991).

Among the various methods that have been
proposed, pellets, due to their particular prop-
erties seem an attractive method in the design
and development of these kind of preparations.
In fact, pellets or beads, have the minimum
surface/volume ratio and are an ideal shape for
coating. These properties offer a practical
method to control the site and rate of drug
dissolution in the gastro-intestinal tract. More-
over, the lower level of gastric irritation, the
fewer dose dumping accidents and the possibil-
ity of building up different barriers for differ-
ent drugs are a few of the advantages which
confirm the success of this particular dosage
form (Follonier and Doelker, 1992).

One of the most successful processes to ob-
tain pellets is extrusion/spheronization, which
came increasingly into use during the late
1970s (Newton, 1990). Since then, various
works have been published pointing out the in-
teracting factors of the whole process: the for-
mulation factors (Hasznos et al., 1992), the
extrusion conditions (Bataille et al., 1993) and
the relationship with the quality of the spheres
(Noché et al., 1994; Vervaet et al., 1994) are
some of these studies.

Among the formulation factors, the role of
water as a binding agent has been seen of
great importance with respect to the physical
performance of the end product (Bains et al,
1991). Because it acts as a binder during wet
massing, a lubricant during extrusion and a
plasticizer during spheronization, it can be con-
sidered as a critical variable in the extrusion
(Hileman et al., 1993).

Furthermore, as concluded by Dyer et al
(1994) and Kleinebudde (1994a,b) the drying
process has a great influence in the pellets
structure and can be closely related to the
drug release pattern.

The objective of this work was to study the
behaviour of water in three stages of the extru-
sion/spheronization process: the wetting phase,
the water distribution within the powder mix and
the drying process.

2. Materials and methods

2.1. Materials

Propranolol hydrochloride, BP (Lusochimica,
Milano, Italy), Barium sulphate, EP (Sachtleben
Chemie GmbH, Hamburg, Germany) and cellu-
lose microcrystalline (Avicel PHI101) (FMC,
Cork, Ireland) were used as received. Water
freshly demineralised, was used as a liquid binder.
Freshly distilled water was used as a medium in
the dissolution tests.

2.2. Formulation

The same formulation was used, based in a
model drug propranolol hydrochloride (P), bar-
ium sulphate (B) and Avicel PH101 (A) in the
ratio 1:9:10. Water, as will be explained below,
was used in terms of 10.8; 11.2; 11.6 and added to
the solid mixture.

2.3. Preliminary studies

In the extrusion/spheronization process, parti-
cles are formed from extrudate during the
spheronization step. As a consequence the extru-
date must break down in small pieces and form
round pellets due to the force in the spheronizer,
so the mass has to fulfill several requirements. It
must be brittle enough to break down in small
cylinders but it must be sufficiently cohesive not
to be deaggregated in the spheronizer (Lindner
and Kleinebudde, 1994).

Preliminary studies had shown by trial and
error, that using these materials, the ratio of water
between 9 and 11 parts of the dry mixture was
necessary to provide appropriate consistency. This
allows a wet mass to be obtained with appropriate
rheological characteristics that can give a high
yield of spheres in the chosen fraction size.

Initial experiments confirmed that the lower the
content of water, the higher the dust formation
during forward steps. Conversely, the larger the
amount of water, the larger the trend of the
extrudate or pellets to agglomerate during the
spheronization process.
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Preliminary experiments were also carried out
to identify appropriate conditions for successful
coating.

2.4. Experimental design

A factorial design was used to study the effect
of the water in pellets characteristics. Three fac-
tors were choosen:

(1) The amount of water required for mixing;
10.8 (W1); 11.2 (W2) and 11.6 parts (W3).

(2) The lag time between massing and extrusion:
immediately prior to extrusion (E1); after 12 h
storage in a closed container (E2).

(3) The drying process: in a tray oven (D1); in a
fluid bed dryer (D2).

The factorial design comprised 12 experiments
as shown on Table 1. All the other experimental
conditions, described below were constant.

2.5. Extrusion/spheronization process

The pellets were produced by the following
process.

Table |
Experimental design

Prep. No. Level
W EP De
! 1 1 |
2 1 1 2
3 1 2 1
4 1 2 2
5 2 | 1
6 2 1 2
7 2 2 l
8 2 2 2
9 3 | 1
10 3 1 2
11 3 2 |
12 3 2 2

“Water content.
PPre-extruser storage time.
“Drying process.

2.5.1. Dry mixing

Dry powders were weighed (eletronic balance,
Mettler PC 1616, Mettler Instruments AG,
Greifensee, Ziirich, Switzerland) and mixed in a
planetary mixer (Chef KN 201, Kenwood, Wok-
ing, UK) for 10 min.

2.5.2. Wet mass
The water required for each mix was added,
and allowed to mix for further 10 min.

2.5.3. Extrusion

According to the experimental design, Prepara-
tions 1, 2, 5, 6, 9 and 10 were extruded immedi-
ately after the wetting phase (E1); preparations 3,
4, 7, 8, 11 and 12 were stored for 12 h in a well
closed plastic bag (E2) before extrusion.

For all the preparations, the wet mass was
extruded through a 1 mm/4 mm (diameter/length)
die, using a ram extruder fitted to a physical
testing instrument (Lloyds MX 50, Lloyds Instru-
ments, Southampton, UK) fitted with a 50 KN
load cell, at a constant cross-head speed of 250
mm,/min.

2.5.4. Spheronization

A spheronizer (Caleva, Sturminster Newton,
Dorset, UK) fitted with a radial plate with 203.2
mm/diameter was used. Extrudates were left to
round for 10 min at a fixed speed of 1000 rpm.

2.5.5. Drying

Preparations 1, 3, 5, 7, 9, and 11 (Dl) were
dried for 24 h in a tray oven equiped with a fan
(Hotbox oven, Size 1, Gallenkamp, Leicester,
UK) at 35°C. Preparations 2, 4, 6, 8, 10 and 12
(D2) were dried in a fluid bed dryer (model,
FBD/L70, PRI Engineering, Mostyn, Flintshire,
UK) at 35°C for 30 min.

2.5.6. Coating

All the preparations were coated with a ethyl-
cellulose latex preparation, Surelease E-7050 (Col-
orcon, Orpington, Kent, UK}, previously diluted
to 15% total solids, to give 10% weight gain in a
fluid bed coater (Strea 1, Aeromatic, Bubendorf,
Switzerland). The coating conditions are shown
on Table 2. Each cycle took on average 15 min.
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Table 2
Coating conditions

Coating parameters Set values
Batch size (g) 40

Inlet air temperature (°C) 50
Outlet air temperature (°C) 40
Atomizing air (bar) 0.2

Air pressure 35

Air volume (m?3/h) 100

Feed rate (ml/min.) 3

2.6. Analysis of the spheres

2.6.1. Determination of drug content

A sample of pellets was ground and the resul-
tant powder was suspended in water, shaken and
filtered. An amount equivalent to 3 mg of drug
was diluted to perform 100 ml with water and
analysed for propranolol content in a UV spec-
trophotometer at 288 nm (model 554, Bodenseew-
erk Perkin Elmer, GmbH, Uberlingen, Germany).

2.6.2. Sieve analysis

Pellets were analysed for size using a mechani-
cal method (Sieve shaker, Endecotts, London,
UK). Each preparation (100 g) was shaken for 10
min. The mesh diameter of the British Standard
followed a \/ 2 progression between 500 and 2000
pm.

2.6.3. Shape

Measurements were carried out using a Seescan
Image Analyser (Solitaire 512, Seescan, Cam-
bridge, UK.) attached to a black and white cam-
era (CCD-4 miniature video camera module,
Rengo, Toyohashi, Japan) connected to a zoom
lens (18-108/2-5, Olympus, Hamburg, Germany)
and analysed for shape as descibed by Podczeck
and Newton (1994). According to these authors,
the characterization of the shape of a particle,
taking in account the surface roughness, is based
on a shape factor, E,, calculated as follow:

. 2nr

Er—P—m—Jl —(b/a) (0

where P, is the measured perimeter, r the mean
radius of the circle, 4 the length of the elipse and

b the breadth of the ellipse, representing the
largest distance perpendicular to the length axis.
Eq. (1) related the surface roughness (first part)
and the linear eccentricity (part under the square
root signal). According to Eq. (1) only a circle can
have an E, value of 1.0. However, due to the fact
that the image is projected as a two dimensional
shape, light can reflect due to shadows resulting in
change of the real image which was confirmed
(Podczeck and Newton, 1994) when a perfect
sphere (ball bearing) was found to have a E, of
0.766, using a light table (the image of the pellets
was thus black on a bright backgroung, and dark
shadows could alter the image).

To cary out this analysis, 40 spheres were
mounted in a petri dish previously painted with
non reflective black ink. The pellets were lit from
the top using a cold light source (Olympus, Ham-
burg, Germany). The image was thus white pellets
on a black background, and the dark shadows
only influenced the shape to a small extent.

2.6.4. Density and porosity

Samples of pellets were weighed (Oertling YP4
balance, Orpington, UK) and placed in the air
pycnometer (Beckman model 930, Irvin, USA)
using ambient air as a gaseous medium. The mean
of three samples was determined. Porosity was
then calculated from the following Eq. (2):

Porosity = 1 — (granule density/particle density)
(2)

2.6.5. Crushing strength

Twenty pellets of each formulation were evalu-
ated by diametrical crushing force using a tablet
strength tester (CT40 Engineering Systems, Not-
tingham, UK).

2.6.6. Water content

The residual water present in the pellets after
drying was determined by thermogravimetric
analysis (TGA Hi-Res TGA 2950 Thermogravi-
metric Analyser connected with a Thermal Ana-
lyst 2000, TA Instruments, New Castle, Delaware,
USA).
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Table 3
Results of the physical tests performed on uncoated pellets

Preparation number

1 2 3 4 5 6 7 8 9 10 11 12

E, 0.58 0.602 0.603 0.612 0.616 0.636 0.598 0.613 0.574 0.605 0.568 0.596
A.R. .11 1.09 1.09 1.10 1.10 1.08 1.09 1.10 1.12 1.11 1.12 1.11
Per 3218 3349 3141 3306 3589 3482 3582 3520 4225 4318 4551 4480
Den 2.14 2.15 2.14 2.14 2,12 2.14 2.14 2.12 2.08 2.14 2.13 2.14
Por 0.24 0.23 0.24 0.24 0.24 0.24 0.24 0.24 0.26 0.24 0.24 0.24
C.F. 0.70 0.70 0.83 0.79 0.88 0.77 1.03 1.00 1.38 1.28 1.38 1.40
RwW 1.89 1.99 1.96 1.98 1.75 1.81 1.78 1.82 1.81 1.81 1.83 1.78
SA 1.46 2.58 2.98

D¢ 102.1 101.6 99.8 100.1 100.0 100.0 101.1 99.8 98.9 101.5 100.6 100.6

E,. Shape factor (n =40); AR, aspect ratio (n = 40); Per, perimeter (mm) (n =40); SA, specific area (m?/g); Den, density (g/cm?)
(n=3); Por, porosity; CF, crushing force (N) (n = 20); RW, residual water (%) (n = 3); Dc, drug content (%).

2.6.7. SEM

Scanning eletron microphotographs (SEM) of
the surface, structure and membrane thickness
were taken before and after dissolution test
(Philips, serie 2000, Philips Technology, Eid-
hoven, The Netherlands).

2.6.8. DSC

Samples of pellets as well as the powder blends
(typically 5-7 mg) were sealed in an aluminium
seal and heated at 10°C/min. from room tempera-
ture to 300°C in a calorimeter (Shimadzu, Tokyo,
Japan) under inert atmosphere of nitrogen.

2.6.9. Specific area

Samples from preparations 2, 6 and 10 (corre-
sponding to each level of water) were analysed by
BET technique for specific area using the gas
adsorption technique with Krypton (ASAP 2000,
Micrometrics Instruments, Norcross, USA).

2.6.10. Dissolution tests

Dissolution studies were performed according
to the paddle method USP XXII, apparatus 2
(Pharmatest PTWS, Tredegar, Kent, UK), fitted
with a pump (Ismatec IPS, Surrey, UK) and a
sample collector (model PTFC II, Pharmatest,
Tredegar, Gwent, UK), at a rotational speed of
100 rev/min.

From all the batches, three samples of uncoated
(150 mg < >3 mg of propranolol) and three of

coated pellets (165 mg), were analysed.

Samples of the dissolution medium were taken
after 15 min and at each hour for 12 h and
analysed for propranolol content by a UV spec-
trophotometer at 288 nm.

3. Results and discussion

Table 3 shows the general characteristics of the
pellets obtained.

3.1. Size distribution

The amount of water used during the wetting
phase causes an increase in the median pellet size,
whatever the following conditions of extrusion or
drying process. Fig. 1 shows the level of water on
the resultant median size of pellets obtained when
the level of the influence of other variables (E and
D) change.

3.2. Crushing strength and density

The strength data records the moment when the
pellets first broke. Sometimes some pellets showed
only a partial fraction but this was considered as
the end point of the experiment. Fig. 2 shows the
influence of the water content on this variable,
when both the conditions of drying and the lag
time before extrusion changed. It also can be seen
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Fig. 1. Influence of the amount of water in the median size of
pellets.(1, E1DI; MW, E1D2; O, E2D1; @, E2D2.

that the absolute value of pellefs crushing strength
increased with the amount of water (Table 1).
This is probably due to the ‘water bridges’ built
after partial dissolution of a powder. Since the dry
formulation was the same, an increase in the
water level (W) or in the time which it was
allowed to disperse within the mass, is respons-
able for a great number of those strong bonds
which lead to a strong structure. It should be
pointed out that in ail the batches the residual
moisture was lower than 2% (w/w).

strength (N)

0,8

06 T T T
104 10,8 11,2 11.6

Water (Parts)

Fig. 2. Influence of production variables on the strength of
pellets. Symbols are the same as for Fig 1.

Table 4
Influence of the independent variables on the strength of
pellets

Variable DF F values
we 2 409,59%**
EP 1 43.85%%*
D¢ 1 6.71%*
W/E 2 4.41*
W/D 2 0.60
E/D 1 2.27
W/E/D 2 1.90

“Water content.

®Preextruser storage time.

‘Drying process.

** P <0.001.

**P<0.01.

*P<0.05; degree of freedom for variance within the group:
228; degree of freedom for total variance: 239;

3.3. Statistical analysis

The analysis of variance for this dependent
variable (Table 4) shows that only the factor
‘drying’ acts as an independent variable. Al-
thought the extrusion lag time and water level
show a positive effect they are included in the first
degree of interaction (W/E), and therefore their
single influence cannot be considered as influence
factor. This results are in accordance with a previ-
ous paper (Bataille et al., 1993) which compared
the strength of pellets dried in an oven tray and a
microwave. Due to the high penetration of heat in
the second process which give a quasi-immediate
release of the water molecules the pellets became
more porous and less strong (Bataille et al., 1993).
As can be seen in Table 4, by comparison between
pairs of preparations, pellets dried in fluid bed
dryer are less strong than the correspondent pel-
lets dried in an oven tray.

The analysis of the changes in density however
did not show any differences, which means that
this factor is only dependent on the density of the
raw materials used. As residual water in all the
batches is about 2% and as the composition is the
same for all pellets the results also confirm the
effectiveness of both drying methods. Differences
between them should be considered in the speed
of removal and the implications in structure
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rather than in the residual moisture. Porosity was
also identical in all batches.

3.4. Shape

Analysis of variance of the data obtained for
perimeter, aspect ratio and shape factor, E,, are
shown in Table 5. The three independent variables
act together and due to this interaction none of
them, individually, can be responsible for the
different results obtained for aspect ratio and
shape factor, E,. However, as seen for the mean
pellet size, the perimeter value increases with the
water content (Table 3). Changes are small and
the pellets are all quite round.

3.5. DSC

As no significant differences were seen between
the batches analysed, it can be concluded that the
water which remained within the pellets is present
as free water which may be readily lost by evapo-
ration, confirming the findings of Fielden et al.
(1988).

Table 5
ANOVA for diameter, aspect ratio and shape factor, E,

Variable DF F values
Perimeter ~ Aspect ratio Shape factor

we 2 161.73%** 91.10%** 28.43%**

E® 1 203.03***  186.16%** 25.03%x*

D¢ 1 40.15%%% 209 27*** 81.45%**
W/E 2 138.93%** 28.35%** 10.51%**
W/D 2 3.13%* 19.41*** 11.85%**
E/D 1 15.34%** 26.23%* 14.08***
W/E/D 2 47.03%** 1.35 1.19

“Water content.

bPreextruser storage time.

“Drying process.

*** p<0.001.

** P<0.01.

* P<0.05; degree of freedom for variance within the group:
342: degree of freedom for total variance: 353.

281

234

Surface area (sq.m/g)

13 T T T
10.4 10.8 11.2 11.6

Water (Parts)

Fig. 3. Influence of water level in the specific surface area.

3.6. Specific area

Preparations 2, 6 and 10 were analysed for
specific area by krypton adsorption. The results
clearly demonstrated (Fig. 3) that the higher the
level of water used the higher the specific area
which may be related to the swelling properties of
the insoluble fillers present in the formulation.
Although porosity values of the different pellets
are similar, the surface area determinations show
that there are major changes in pellet structure.

3.7. Dissolution studies

The introduction of statistical moments in the
characterization of the dissolution profiles (Brock-
meier, 1986) has often been widely used in an
effort to correlate in vitro and in vivo data.

One important approach is modelling the disso-
lution release profile of a drug. According Voegele
et al. (1988) the first step to carry this out is the
calculation of the mean and variance of dissolu-
tion times, considering the cumulative distribution
function F(¢) which is the statistical representa-
tion of the the fraction of drug release in the time
t, and the probability density function f{r) which
are conversible:

dF(r)/ dt = f(t) and ff(t) di = de(z) = F(t)
(3)
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Various different moments can be calculated dur-
ing the residence time of the drug in the dosage
form:

i t
m = j Aty d(r) = J t* dF(t) 4)
4] 0]
the limits of zero and infinity (or the final time).
If K equals unity, the mean of dissolution time
is achieved, representing the first moment,

m, = jt'f(t)- di (5)

Again, when K is equal to 2:

mz=Jt2'f(t)' dr (6)

the second moment is generated.

Voegele et al. (1988) defined the vartance of
dissolution times (VDT) as the difference between
the second common moment and the squared
mean:

m, — MDT? = VDT 7

It follows that the calculation of the relative dis-
persion of dissolution times (RDC) can be obtain
as:

RDC = VDT/MT? )]

This is used as a measure of the width of a
distribution and serves as a discriminator in the
specification of which model function best fits the
data obtained.

With these values, simple equations (Table 6)
can be drawn to define the rate constants for zero
order release, first order release, square root law
and cube route law, which only requires the mean

Table 6
Relation between relative dispersion and model dissolution
behaviour according to Voegele et al. (1988)

Dissolution model  Eqgs. Relative dispersion

Zero-order K=1/2-MT) 0.333
First order K =1/MT 1.0
Square root K=1/3-MT)!? 0.8
Cube root K=1/(4-MT) 0.6

dissolution time to define these standardized dis-
solutions profiles (Voegele et al., 1988).
However, when the Weibull function is applied,
the relation between the amount of drug release
up to the time ¢, designated as M(¢) and the final
amount released Mo, is given by the expression:

M@)/Mo=1—¢ &=/ )]

In order to derive the model parameters k and £
by mean and variance of dissolution times, it is
necessary to use the gamma-function in order to
carry out the integration step. With this ap-
proach, there is an initial relation between f and
the relative dispersion, and the rate constant, k, is
related to the mean and a value of the y-function
of

1
p+1

The release profile will be sigmoidal when RDC
1s smaller than unity and conversely shows steep-
ness when RDC is larger than unity (Voegele et
al., 1988). When RDC is 1, a first order release is
achieved.

Analysing the influence of the independent
variables and their interaction on the relative
dispersion factor (Table 7), it can be seen that the
drying process is actually acting as an indepen-
dent factor and that there is an interaction be-
tween water level and extrusion lag time (Fig. 4).

Considering the mathematical approaches pre-
sented by Voegele et al. (1988) for the RDC
values, it seems that for the first level of water,
the release profile switch between a non-Fickian
release for pellets dried in tray oven and a zero-
order profile for those dried in fluid-bed coater.
For pellets produced with a medium level of
water, the release profile pattern is closely re-
lated to a square root model. On the other hand,
pellets obtained with the highest level of wa-
ter, show a zero order release for the extrus-
ion conditions designated as E2 while for El the
release profile only can be explained by the
Weibull-function showing an initial steep on
the dissolution pattern. However, the charac-
terisation of the different release profiles ob-
tained can also be carried out by analysis of
other dissolution properties. The values of area

(10)
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Table 7

Area under the % drug dissolved time profile (AUC), mean dissolution time (MDT), variance of dissolution time (VDT), relative

dispersion coefficient (RDC) and release at 12 h (Rel. 12 h)

Experiment no. AUC (mg1~' h) MDT (h) VDT (h?) RDC Rel. 12 H (mg/100 mi)
1 103.3+6.6 5.05+0.27 13.26 +0.88 0.53+0.05 20.36 +£0.26
2 65.5+2.1 6.9 +0.26 15.874+2.4 0.34 £ 0.07 9.43 +£0.20
3 118.3 +£3.3 4.54 +£0.21 15.00 £+ 0.78 0.69 +0.07 25.58 +1.02
4 113.7 +15.7 5.90 + 0.67 14.23 +2.45 0.39 +£0.17 19.02 £ 0.54
S 1478 +17.1 4.55+0.50 14.44 + 0.90 0.80 +£0.19 345+ 1.01
6 542440 493 +0.25 17.85 4+ 1.69 0.81 £ 0.11 10.94 +0.42
7 1714 +17.6 4,09 +£0.49 14.03 + 0.50 0.75 4+ 0.21 4291 +1.80
8 826+2.5 4.25 £ 0.06 12.54 £ 0.30 0.70 + 0.01 19.35+0.44
9 1553+ 11.0 2.02+0.12 8.65 + 0.85 2.11 £0.09 77.07 +1.37

10 1534+31.4 1.76 £ 0.34 5.67+1.20 2.08 +0.60 87.16 +2.27

11 4420+ 3.3 5.10 £ 0.06 7.42+0.47 0.29 + 0.02 86.49 +0.35

12 4742 + 3.0 5.28 +£0.03 6.01 £0.15 0.22 +£0.01 89.86 + 0.17

For the formulations under study (resuits are the mean and standard deviation of three replicates).

under the curve (AUC), mean dissolution time
(MDT), variance of dissolution time (VDT), per-
centage of drug released after 12 h (Rel. 12 h) and
the relative dispersion coefficient (RDC) for the
preparations under study are shown on Table 7.

It can be seen that the higher level of water
(W3) leads to the fastest release independently of
the extrusion lag time or the drying method. All
the four preparations on this sub-group, reached
high drug release which seem not be related to the
other two variables. For the levels W1 and W2,

10 3

o —e— MDT (D1)
——g—  RDC(D1)
eOse MDY (D2)
resedees  RDC (D2)

log of MDT and RDC values

1 T T LI

104 108 1.2 11,6
Water (Parts)
Fig. 4. Influence of water content on MDT and RDC values

obtained with pellets dried under D1 and D2 conditions; @,
MDT(D1); B, RDC(D1); C, MDT(D2), J, RDC(D2).

the amount of drug released was considerably
smaller. The influence of the lag time before ex-
trusion also indicates differences on the release
profile. The longer the time that water was al-
lowed to disperse within the mass, the faster the
release, when compared with preparations imme-
diately extruded after the wet mix. These results
can only be explained if we take into consider-
ation the previous results obtained for physical
characteristics of the pellets. It is obvious that
when the same amount of coating material is
sprayed onto spheres with different sizes and
shape the thickness of the resultant film will not
be the same. resulting in different drug release
profiles.

The results of ANOVA (Table 8) for these
variables show that for AUC and MDT no single
factor acts alone and only the interaction should
be considered. Conversely, the cumulative release
profile up to 12 h of the dissolution test is influ-
enced by the extrusion lag time (E) which indeed
acts as a single factor plus the interaction between
all the three variables.

4. Conclusions
The role of the water during the preparation of

pellets by the extrusion/spheronization process
seems to influence not only the physical character-
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Table 8

ANOVA for AUC, MDT, RDC and cumulative release after 12 h
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Factor DF F values
AUC MDT RDC 12 h

W 2 927.95%** 113.85%%* 27.80%** 14000%**

E 1 760.85%** 35.63%%* 61.37%** 443 16***
D | 55.16%** 29.36*** 5.77*% 564,96%**
WE 2 440.86%** 141.10%** 79.73%%* 1.58
WD 2 ST T*** 20.21%** 0.34 608.48%***
ED 1 7.59%* 0.13 0.03 119
WED 2 1.22 1.41 0.33 23.27%**

“Water content
bPre-extruser storage time;
‘Drying process.
***P<0.001.

**P<0.01.

*P<0.05; degree of freedom for variance within the group: 24; degree of freedom for total variance: 35.

istics of the resultant pellets but also the release
pattern of the drugs entrapped in their structure.

A clear relation between the amount of water
and the particle size distribution can be pointed
out in this study. Moreover, the surface area,
shape and structure are related not only to the
amount but also to the drying process. On the
other hand, while the density and porosity seems
to be only related to the raw materials, the
strength is influenced by the water level and the
lag time between massing and extrusion.

All the preparations under study gave different
release profiles that are not related to the film
thickeness as this was a constant parameter. The
differences were the different structures of the
pellets obtained. Due to the inability of finding a
relationship between the independent variables
and the release behaviour, it can be concluded
that not only the formulation itself but the pro-
cess conditions are of paramount importance in
the preformulation study of sustained release pel-
lets obtained by extrusion/spheronization.
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