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ABSTRACT

The effects of type and amount of binding agent and different amounts of granu-
lating liquid on the physical properties of uncoated beads of phenylbutazone were
investigated. The binders used were polyvinylpyrrolidone (PVP) and gelatin/starch
(G/S) at two levels, and each formulation at two percentages of granulating lig-
uid; water/ethanol at 60/40 ratio. The ability of these binders to produce pellets
of phenylbutazone by the extrusion-spheronization method was evaluated by two
criteria. The first was physical properties such as particle size, yield berween 710
and 1400 um, friability, and density. The other criterion was the drug release
profile. Generally 5% of gelatin/starch with 80% of solvent produced more uni-
form pellets with a narrower particle size range and a high yield of spheres be-
tween 710 and 1000 um. Changing the type of the binder, its percentage, and the
amount of granulating liquid had no significant effect on the pellet density. Chang-
ing the type of the binder or/and its percentage and also the effect of granulat-
ing liquid in combination with the other mentioned variables had significant ef-
fects on the friability of the pellets. The results show that the amount of granulating
liquid and binder amount have the same influence on the drug release from pel-
lets. A slower release rate was observed with increased amounts of these two
variables. These differences in the release profiles were parallel to the differences
in hardness and structure of the pellets. The difference between particle diameter
and the percentage of drug released within 30 min was significant in all formu-
lations.
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INTRODUCTION

The methods of manufacturing pellets include crys-
tallization; agglomeration by tumbling, compacting, and
crushing; and extrusion-spheronization (1). Extrusion-
spheronization is extensively used for a wide range of
drugs since the cores produced, whether for encapsula-
tion or tableting, have some advantages. Spherical pel-
lets with smooth surfaces, a narrow particle size distri-
bution, minimal friability, and suitable density are able
to mix and flow well, and are able to incorporate high
levels of active substances, up to 60-80%. Pelletization
of drugs may also allow control of a dissolution profile
2.,3).

The number of excipients available for extrusion-
spheronization is limited. Microcrystalline cellulose and
lactose are well-known excipients for pellet production
(2). In some cases the addition of binders may be nec-
essary to produce acceptable spheres (4).

Among the different agents used as binders in extru-
sion-spheronization, there are reports on using sodium
carboxymethyl cellulose (5) and chitosan (6).

The effect of some common granule binding agents
on production of pellets by the extrusion-spheronization
technique was investigated. Phenylbutazone was used as
a water-insoluble model drug and Avicel PH 101/lactose
in a 2/1 ratio was used as the base formulation. Poly-
vinylpyrrolidone (PVP) and a mixture of gelatin and
starch were used at the lowest and highest levels com-
monly employed in granule production, namely 2% and
5%. As the amount of liquid used in the wet granula-
tion stage has an important role in the friability of the
pellets (7), the effect of the binders with two levels of
the liquid was studied.
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MATERIALS

Phenylbutazone BP, microcrystalline cellulose
(Avicel PH 101, FMC Corporation USA)

Lactose BP (Wynvale, New Zealand)

Polyvinylpyrrolidone (PVP, MW 40000, Sigma
Chemical Company, USA)

Gelatin (food grade)

Maize starch BP (Fielders, England)

All other ingredients were at least reagent grade and
were used as supplied.

METHODS
Preparation of Pellets

The different formulations used are summarized in
Table 1. The manufacturing process is shown schemati-
cally in Fig. 1. PVP was added to the other powders as
the dry form. Gelatin and starch 50/50 was added as a
25% w/v aqueous solution and then the whole mass was
wet granulated with an ethanol-in-water solution whose
strength was adjusted so that the final water-to-ethanol
ratio was 60/40. The mass of wet granulated mixture
was extruded for 10 min, and the extrudates were spher-
onized for 5 min. The spheres were dried for 2 hr at
37°C in a convection oven. Each batch was manufac-
tured in triplicate.

Evaluation of Pellets (8)

Particle size analysis was determined using a vibra-
tory sieve shaker (Retsch, Vibro, Germany) with a set

Table 1

Composition of Phenyibutazone Microspheres Prepared by Extrusion-
Spheronization

Ingredients Level I of Binder Level II of Binder
(for 100 g of Pellets) (g) (®
Phenylbutazone 20 20

Binder (PVP or G/S) 2 5

Avicel (PH 101) 52 50
Lactose 26 25
Water/ethanol: 60/40 80 and 90 80 and 90

Note. PVP = polyvinylpirrolidone; G/S = gelatin/starch:50/50.
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Figure 1. Processing flow chart of extrusion-spheronization.

of 7 sieves. Each sample was sifted for 10 min at a
speed position of 10, and the weight percent retained on
each sieve was recorded.

The shape of individual pellets from sieve fraction
710-1000 pm was visualized by scanning electron mi-
croscopy (Jeol 35C, Japan).

To determine the friability, a sample of each formu-
lation was sieved for 10 min on the vibratory shaker and
the 710- to 1000-um fraction was separated. This was
rotated for 10 min in an Erweka friabilitator tester. At
the end the material was sieved again with the same
method to separate the fines. The weight reduction was
recorded as the percentage.

Bulk density was measured using Fonner’s method
(9). Fifty grams of the pellets were placed in a 100-ml
graduated cylinder, which was dropped 20 times from
a height of 1.9 cm onto a hard surface. The volume of
particles was measured to the nearest 0.5 ml and the
bulk density was calculated.

A nitrogen pycnometer (Multivolume 1305, Micro-
meritics Co., USA) with a 5-cm? sample holder was
used to obtain the true density. Porosity was calculated
by Eq. (1), as a measure of ease of water penetration
into the pellets and also of the degree of close orienta-
tion of the pellets because of the regular spherical shape.
This methodology does not account for any fully en-
closed pore.

Porosity % = [(true density ~ bulk density)
/true density] x 10 D

613

Drug release studies were performed on a sieve frac-
tion 710-1000 pm, in a six-pot dissolution apparatus
(Vankel VK 6010, USA) by the paddle method of USP/
NF XXI in 900 ml of potassium phosphate buffer 0.2
M (pH = 7.4) at 100 rpm and 37°C. Dissolution test
samples were analyzed spectrophotometrically (Hitachi
U 2000, Japan) at 264 nm.

The experimental design was 22 factorial, and the
results were analysed by analysis of variance (ANOVA)
using a computer package (Statview 4 for Macintosh,
Abacus Concepts, USA). The critical level of signifi-
cance chosen was p < 0.01, and Fisher’s PLSD was
used for post hoc testing.

RESULTS AND DISCUSSION

Using the formulations shown in Table 1 and the
processing flow chart shown in Fig. 1, pellets were
produced by extrusion-spheronization. The results of
physical tests for each formulation are shown in Table
2, with the statistical analysis results shown in Table 3.
Pellets containing PVP showed a narrower particle size
distribution compared to those prepared with G/S, as
shown in Fig. 2. All but one formulation prepared with
PVP had the highest yield at the particle size range
between 710 and 1400 um; of pellets produced by P22,
98% were larger than 1400 um. However, all G/S for-
mulations had their highest yield at 710-1400 um. This
may be related to the greater tackiness of PVP compared
to G/S.

Increasing the binding agent from 2% to 5% had a
significant effect on the particle size distribution. Granu-
lating liquid amount had a similar effect. Simultaneous-
ly, increasing the binder percentage and increasing the
amount of granulating liquid increased the particle size
distribution significantly. The type of the binder also had
a significant effect on this property. The pellets pro-
duced by PVP had a smaller mean particle size com-
pared to G/S.

The morphology of the pellets is shown in Fig. 3. As
this figure indicates, there are some fractures on the
surface of the pellets containing PVP while G/S pro-
duced a smoother surface. Except for formulation P22,
the majority of the pellets produced were spherical. In
P22 the pellets were rod shaped, possibly because of
their high resistance to being spheronized.

Increasing the granulating fluid at a particular level
of each type of binder decreased the friability signifi-
cantly, while increasing the binder level for both bind-
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Probabiliy of Factors Affecting Characteristics of Phenylbutazone Pellets Prepared by Extrusion-Spheronization:
Analysis Performed by 2° Factorial ANOVA

Factors and Granule Bulk Density True Density Friability Drug Released
Interactions Diameter (mm) (g/cm?) (g/cm?) (%) (% in 30 min)
Binder type <0.0001 0.0167 0.3844 <0.0001 <0.0001
% Binder <0.0001 <0.0001 0.4496 <0.0001 <0.0001
Binder X % binder <0.0001 0.1285 0.1270 <0.0001 <0.0001
% liquid <0.0001 0.0011 0.9532 0.0003 <0.0001
Binder X % liquid <0.0001 0.9650 0.8603 0.1811 <0.0001
% binder X % liquid <0.0001 0.1189 0.9532 <0.0001 <0.0001
Binder X % binder X % liquid <0.0001 0.7593 0.8603 0.1174 <0.0001

Note. p values < 0.01 are significant.
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Figure 2. Weight-size distribution of phenylbutazone pellets containing different amounts of binders and solvent: (a) polyvinyl-

pyrrolidone (PVP); (b) gelatin/starch (G/S).
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Figure 3. Scanning electron micrographs of phenylbutazone pellets containing different types of binders: (a) polyvinylpyrrolidone
(PVP); (b) gelatin/starch (G/S).

RIGHTS LI N Ki}



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/30/12

For personal use only.

Phenylbutazone Pellets Prepared by Extrusion-Spheronization

ers decreased the friability significantly. Generally pel-
lets prepared with G/S showed less friability compared
to PVP.

None of the variables discussed so far had a signifi-
cant effect on the true density. The bulk density was
affected by increasing the binder percentage from 2%
to 5%. This may be attributed to more uniform spheri-
cal pellets produced by increasing the binder amount,
since nearly spherical particles lead to higher bulk or tap
density (10).

The drug release profiles of different formulations of
PVP and G/S are shown in Fig. 4. As indicated, chang-
ing the percentage of the binder and/or the granuiating
liguid had a significant effect on the drug dissolved
within 30 min. Changing the binder type from PVP to
G/S, or binder percentage from 2% to 5%, or the
amount of liquid from 80% to 90% significantly de-
creased the amount of drug dissolved within 30 min.

617

This also shows the binding effect of the granulating
liquid. Therefore increasing the granulating liquid and/
or binder increases the hardness of the pellets (Table 2)
and so prolongs drug release rate (Fig. 4).

CONCLUSIONS

It can be concluded that by increasing the percentage
of the binder and/or granulating liquid, a prolonged
drug release effect may occur. Gelatin/starch had a
greater effect than polyvinylpyrrolidone on the binding
properties of the microspheres produced by extrusion-
spheronization. For both binders, an increase in the
amount of binder or the percentage of granulating lig-
uid caused significant decrease in the dissolution rate of
the drug. However, increasing both variables—i.e., the
binder (polyvinylpyrrolidone or gelatin/starch) and
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Figure 4. Dissolution profiles of phenylbutazone pellets containing different amounts of binders and solvent in phosphate buffer
(pH = 7.4): (a) polyvinylpyrrolidone (PVP); (b) gelatin/starch (G/S).
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granulating liquid—simultaneously may increase the
hardness of the pellets greatly and prolong the drug
release rate.

o
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