
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 2 1( 18), 2129-2 137 (1995) 

DESIGN AND OPTIMIZATION OF THEOPHYLLINE PELLETS 
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ABSTRACT 

The pelletization of lactose, cellulose, polivinylpirrolidone and theophylline 
was carried out in a 10 1 high-shear mixer. The effect of impeller speed and the 
amount of binding solution was investigated on the characteristics of the pellets 
(percentage of pellets possessing a diameter in the interval 800 to 1250 pm and 
porous structure). Numerous experiments were performed using the experimental 
design methodology, in particular a Doehlert and simplex matrix combination. 

INTRODUCTION 

Pellets for pharmaceutical application are defined as spherical granules of 0.5 
to 2.0 mm average size. It is experimentally known that narrow granule size 
distributions can be produced by wet granulation in a high-shear mixers. The major 
advantage of this pelletization technique over others (e.g. extrusion and 
spheronization) is that dense pellets can be produced within a short processing 
time. 

Holm (1) examined the applicability of a 90 I modified high-shear mixer for 
pelletization of dicalcium phosphate in the presence of 15% w/w Kollidon VA 64, 
lactose and Avicel PH 101 with water as binder. 

Wehrle et al. (2) developed active pellets of 20% anhydrous theophylline, 30% 
lactose and 50% Avicel PH 101 with 15% hydroalcoholic solution of 
hydroxypropylmethylcellulose as binder, using a Stephan UMC 5 high-speed 
granulator. 

In our previous work (3) we examined the wet pelletization of lactose, 
cellulose and paracetamol with water as binder in a Zanchetta Rot0 J 10 1 high- 
shear mixer. The effect of process variables on the characteristic of pellets was 
studied by a surface response design. 
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One interesting quality is the number of distinct levels taken by each of the 
variables: figure la shows that the first variable (Xi)  is at 5 levels and the second 
(X2) is at 3 levels. Some experiments may lead to the allocation to one or two 
variables of as few levels as possible. Others, on the contrary, may take it 
obligatory for the variables to have as many levels as there are experiments. We 
used a rotated Doehlert matrix to achieve this last property : figure lb indicates 
that the first and the second variable are both at 7 levels. 

The aim of present investigation is to examine the wet pelletization of 
theophylline, lactose, Avicel, PVP with isopropanol alchool as binder, always in 
the Zanchetta Rot0 J 10 1 high-shear mixer. 

A particular combination of Doehlert and simplex matrix (43) let us to study 
the effect of process variables on the characteristics of pellets (yield of 800-1250 
pm fraction and its porous structure-total porousness, average diameter of the 
pores and porosimetric profile). 

MATERIALS AND METHOD 

Materials 

Lactose (Meggle Germany), microcrystalline cellulose (Avicel PH 10 1, 
Faravelli Italy), anhydrous theophylline and PVP (Gianni, Italy), isopropanol 
alchool (Carlo Erba, Italy) were used as starting materials. 

Instruments 
Zanchetta Rot0 J granulator, set of sieves (200, 250, 3 15,400, 500,630, 800, 

1250, 2000 pm) connected to a vibrating apparatus (Octagon 2000, Endecotts), 
multi-pycnometer (Quantochrome) with helium as gas, and mercury porosimeter 
(Mod. 225, Carlo Erba Instruments, Milano, Italy) with intrusion pressure of 
mercury from 0 to 2000 atm, were employed. 

PreDaration of Theophilline Pellets 

A 1 kg batch containing lactose (32%), microcrystalline cellulose (1  5%), PVP 
(3%) and theophylline (50%) was mixed using the impeller at 120 rpm for 10 min. 
The granulating liquid was isopropanol. The binder solution was added by spraying 
at a flow rate of 50 to 70 mYmin, pressure of 4.0 bar and atomized by a pneumatic 
nozzle of 0.3 mm in diameter. The pellets were dried in a oven at 60°C for 4 h. 

Characterization of the Pellets 

The particle size distribution was accomplished by determining the percentage 
in weight (%w/w) of each pellet fraction. A particular relevance was given to the 
percentage of fines which, if high, indicates a rather friable product. 
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FIGURE 1 
Doehlert experimental design: a) classic, b) rotated 

Experimental Desim 

We chose an experimental matrix proposed by Doehlert to compare the effects 
of process variables on the pellet characteristics. This experimental design consists 
of seven experiments and is represented in Figure 1. 

One interesting quality is the number of distinct levels taken by each of the 
variables: figure la shows that the first variable ( X i )  is at 5 levels and the second 

Seven pelletizations were carried out and two process variables were studied 
(XI= the amount of binding solution, X2 = impeller speed during the pelletization). 
The lower and upper limits of each variable were selected according to preliminary 
studies and are given in Table 1. 
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Process 
variable 

Xi:  amount 
of binding 

X2: impeller 
speed 
(rpm) 

solution ('YO) 

VOJNOVIC, MONEGHINI, AND MASIELLO 

Normalized Experimental 
level value 

-1 26 
0 30 
+1 34 
-1 300 
0 400 

+1 5 00 

In the preliminary investigation, the percentage of pellets possessing a size 
distribution within the range of 800 to 1250 pm was chosen as the quality 
criterion. This was due to similar previous results obtained employing 50 1 
granulator and aiming at verifjmg the feasibility of the scaling up. 

The experimental design and matrix are given in Figure 2 and Table 2. 
The overall strategy adopted was developed employing a program NEMROD (6,7). 

RESULTS AND DISCUSSION 

The results obtained in the first set of experiments are reported in Table 3. 
On the basis of these parameters experiment number 7 appears to be the best 

point of the design because of the high yield of the 800-1250 pm fiaction and the 
low percentage of fines. 

In order to increase the yield of the fraction taken into consideration, we 
followed the strategy of translating the point number 7 using the simplex 
methodology, thus obtaining two new points, number 8 and 9 (Figure 2). 

Point number 9 showed an increase in the yield of the 800-1250 pm fiaction 
and a lower percentage of fines. 

Thereafter we designed four other test points (10,ll , 12,13) around the point 
number 9, obtaining a new Doehlert matrix. However we observed no 
improvements in the pellet characteristics taken into consideration (Table 4). 

Therefore, according to this strategy, points number 7 and 9 resulted the best 
ones (Figure 3). 

In order to see whether the variation of the impeller speed during pelletization 
provokes not only an increase of the yield but also a modification in physical 
chemical characteristics of the pellets, we determined the porousness and the 
average diameter of the pores (Table 5 and Figure 4). 
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FIGURE 2 
“Doehlert and simplex” experimental design 

TABLE 2 
“Doehlert and simplex” experimental design 

N O  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

*1 x 2  YO rpm 

0.966 

0.259 

0.707 
-0.707 
0.000 
-0.448 
-0.224 
-0.094 
-0.577 

-0.966 

-0.259 

0.129 
-0.353 

0.259 34 
-0.259 26 
0.966 31 

-0.707 32 
0.707 27 
0.000 30 
1.673 28 
0.836 29 
1.319 29 
1.190 27 
0.483 30 
0.353 28 

-0.966 28 

426 
373 
500 
300 
326 
473 
400 
567 
483 
53 1 
519 
423 
43 5 
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TABLE 3 
Experimental results for points 1-7 

EXPERIMENT 

TABLE 4 
Experimental results for points 8-13 

rKACTION (%W 
EXPERIMENT '>2000 1250 800 6 3 0  500 400 315 250 %Offines 

Fm 2000 1250 800 6 3 0  500 400 315 NUMBER I l l  

Through the study of the porograms we observed that the average diameter of 
the pores and the percentage of porousness is higher as the impeller speed 
increases during spheronization. 

These results obtained employing a high speed mixer are in disagreement with 
those obtained using the process of extrusion-spheronization (8). 

Furthermore experiences 7 and 9 differ in the percentage of granulating liquid 
(30% and 29% w/w respectively) and this indicates a tendency for the porosity to 
decrease as the granulating liquid content increases. This is in agreement with 
studies of influence on porousness of percentage of water content of extrudate in 
extrusion-spherohtion process (9,lO). 
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Speed of spheronization 

400 
(rpm) 

2135 

Porousness (%) Average diameter of the pores 
(nm) 

15.8 520 

FIGURE 3 
Typical pellets shape of the 800-1250 pm fiaction corresponding to point number 

9. Magnification 1OX 

TABLE 5 
Porosimetric characteristics depending on the spheronization speed 
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Differential Pore Size Distribution 

Pore Radius (nm) 

FIGURE 4 
Evolution of the porosimetric distribution depending on the spheronization speed 

(-exp 7,400 rpm; ---- exp 9,483 rpm) 

CONCLUSION 

This work indicates that it is possible to produce active pellets with a Rot0 
granulator using a simple procedure. 

In order to optimize the process variables of theophilline pelletization in a 
laboratory scale high-shear mixer we demonstrated the value of combination of 
two different types of matrices (Doehlert and simplex). With this strategy the 
number of experiments were significantly reduced and optimized pellets with high 
yield and good porosity were obtained. 

ACKNOWLEDGMENTS 

The authors would like to thank the Zanchetta S.p.a. (Lucca, Italy) for their 
active technical participation in the elaboration of this project. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



WET SPHERONIZATION OF THEOPHYLLINE PELLETS 2137 

REFERENCES 

1 .  P. Holm, Wet and melt pelletization in high-shear mixer, Course 5 19 APV 22- 
24, Hannover, October (1 990). 

2. P.Wehrl&, G.F. Palmieri and A. Stamm, Drug Dev.Ind.Pharm.,a, 2823-2843 
(1 994). 

3. D. Vojnovic, P. Rupena, M. Moneghini, F. Rubessa, S. Coslovich, R. Phan-Tan- 
Luu and M. Sergent, S.T.P. Pharma Sci., 2, 130-135 (1993). 

4. D. H. Doehlert, Uniform shell design. Applied Statistics, l9, 23 1 (1970). 

5 .  F.H. Walters, L.R. Parker Jr., S.L. Morgan, S.N. Deming, Sequential Simplex 
Optimization, CRC Press, Inc., 199 1 .  

6. D. Mathieu, and R. Phan-Tan-Luu, NEMROD: New Efficient Methodology for 
Research using Optimal Design. L.P.R.A.I., Universite d'Aix-Marseille,1990. 

7. D. Feneuille, D. Mathieu, R. Phan-Than-Luu, Methodologie de la Recherche 
Experimentale- Etude des surfaces de reponse. L.P.R.A.I. Universite d'Aix- 
Marseille, 1983. 

8. B. Bataille, K. Ligarski, M. Jacob, C. Thomas, C. Duru, Drug Dev. Ind. Pharm, 
- 19,653-671 (1993). 

9. P. Kleinebudde, Int. J. Pharm., 96, 119-128 (1993). 

10. P. Kleinebudde, Int. J. Pharm., 109,209-219 (1994). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


