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I N T R O D U C T I O N  

The purpose o f  t h e  present  work w8s t o  i n v e s t i g a t e  a pharmaceu- 
t i c a l  process u s i n q  an exper imenta l  des iqn  t h a t  generated a maxi- 
mum o f  i n f o r m a t i o n  f o r  a m i n i m u m  o f  exper imenta l  runs. 

n p t i m i s a t i o n  has been s t u d i e d  hy d i f f e r e n t  a u t h o r s  s i r i ce  
P l a c k e t t  and Burman i n  1946 ( 1 ) .  F n c t o r i a l  designs were a p p l i e d  
f i r s t  i n  p r e f o r i n u l a t i o n  studj.es (2, 3 )  and f u r t h e r  i n  pharma- 
c e u t i c a l  s t u d i e s  (4, 5, 6, 7 ,  R, 9 ,  1 0 ) .  Phan Tan Luu has s t u d i e d  
exper imenta l  research  methodology i n  chemis t ry  and i n  t h e  op t im i -  
s a t i o n  o f  i n d u s t r i a l  processes (11, 12, 13).  

Th i s  work i s  an a p p l i c a t i o n  o f  f r a c t i o n a l  f a c t o r i a l  methods 
t o  the  pharmaceut ica l  process o f  t h e  manufacture o f  m ic rog ranu les  
h y  extrusion-spheronisation. 

Spheron isa t ion  o r  marumerisat ion i s  a techn ique o f  Japanese 
o r i g i r i  f o r  t h e  p roduc t i on  o f  s p h e r i c a l  dosage forms (14). Inven- 
t e d  i n  1964 by Nakatiara, t he  techn ique i n v o l v e s  a massing stage, 
i n  which t h e  powders a r e  mixed w i th  water t o  form a heavy p l a s t i c  
mass; an e x t r u s i o n  s tage i n  which t h e  mass i s  shaped i n t o  c y l i n -  
de rs  o f  u n i f o r m  diameter; and s p h e r o n i s n t i o n  s tage i n  which t h e  
c y l i n d e r s  a r e  c u t  and r o l l e d  i n t o  spheres. 

Fo r  a g i v e n  fo rmu la t i on ,  t h e  p r o d u c t i o n  o f  spheres i s  de ter -  
mined by t l i e  exper imenta l  c o n d i t i o n s  employed. The procedure  t o  
s tudy  t h e  problem u s i n g  exper imen ta l  des ign  techn iques  (15)  
c o n s i s t s  o f :  

- s e l e c t i o n  o f  t h e  parameters t o  he s tud ied .  - 
- d e f i n i t i o n  o f  a model t a k i n g  i n t o  account t h e  d i f f e r e n t  

cho ice  o f  t h e  l e v e l  t o  he assigned t o  each parameter. 

parameters and t h e i r  i n t e r a c t i o n s .  
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1640 CHARIOT ET A L .  

- s e l e c t i o n  o f  t h e  optimum exper imen ta l  m a t r i x  f o r  c a l c u l a -  
t i o n  o f  t h e  model c o e f f i c i e n t s .  - s e l e c t i o n  o f  a response v a r i a b l e .  - de te rm ina t ion  by exper iment o f  t h e  va lues  o f  t h e  response 

- a n a l y s i s  o f  t h e  r e s u l t s  ob ta ined  u s i n g  t h e  coded 
v a r i a h l e  corresponding t o  t h e  exper imenta l  m a t r i x .  

va r iab les .  

FORMULA AND MANUFACTURING PROCESS 

The f o r m u l a t i o n  was l a c t o s e  : m i c r o c r y s t a l l i n e  c e l l u l o s e  : 
water, (30:3@:4O). Net g r a n u l a t i o n  performed i n  a p l a n e t a r y  mixer  
(Hobart  & Cie., Pa r i s ,  France) produced a p l a s t i c  mass wh ich  was 
then shaped i n t o  c y l i n d e r s  hy passage th rough t h e  screen o f  an  
ex t rude r  ( F u j i  Paudal EXDS 60, C o l l e t t e ,  Relgium). C y l i n d e r s  were 
then c u t  and r o l l e d  i n t o  spheres on the  grooved h o r i z o n t a l  p l a t e  
o f  a spheron iser  (Caleva Ltd., Newcastle, England) r o t a t i n g  a t  
h i g h  speed. 

EXPERIMENTAL DESIGN : INIT IAL STUDY 

Cons t ruc t i on  o f  exper imenta l  des ign  i n v o l v e s  t h e  s e l e c t i o n  
o f  t h e  parameters t o  be s t u d i e d  and t h e  cho ice  o f  d e s i r e d  
e f f e c t s .  

F i v e  parameters, each a t  two l e v e l s ,  were s t u d i e d  

X 1  : spheron isa t i on  t i m e  X4 : spheron iser  l o a d  
X2 : spheron iser  speed X5 : e x t r u s i o n  screen 
X3 : r a t e  o f  e x t r u s i o n  

The response s e l e c t e d  was t h e  y i e l d  o f  g ranu les  o f  t h e  des i -  
r e d  s ize,  t h i s  be ing  d e f i n e d  as t h e  s i z e  o f  t h e  screen user! f o r  
t h e  e x t r u s i o n  o f  t h e  wet mass. 

The aim o f  t h e  s tudy  was an e v a l u a t i o n  o f  t h e  v a r i a t i o n  o f  
experimental. response pass ing  from one l i m i t  o f  t h e  exper imen ta l  
p l a n  t o  t h e  o ther .  

I t  was p o s t u l a t e d  t h a t  some i n t e r a c t i o n s  would e x i s t ,  f o r  
example hetween t h e  spheron isa t i on  t i m e  and t h e  spheron iser  r a t e ,  
o r  between t h e  spheron isa t i on  t i m e  and t h e  spheron iser  load, 
f i t t i n g  a f i r s t  degree model. A complete f a c t o r i a l  p l a n  s t u d y i n g  
a l l  i n t e r a c t i o n s  would i n c l u d e  25 = 32 experiments. 

I n i t i a l l y  o n l y  8 exper iments were envisaged, a f f o r d i n g  a 
f r a c t i o n a l  f a c t o r i a l  des ign  25-2 wi th  a genera tor  IE234:235E1245, 
t h e  purpose he ing  t o  s tudy  t h e  main e f f e c t s  and t h e  two- fac tor  
i n t e r a c t i o n s .  

The f a c t o r i a l  des ign  w i t h  coded v a r i a b l e s  i s  rep resen ted  i n  
t a b l e  1. 
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A FACTORIAL APPROACH 1641 

TABLE 1 

Parameters x 1  

F: xper imen t s  
1 - 
2 + 
3 - 
4 + 
5 - 
6 + 
7 - 
n + 

Parameters x 1  
(min) 

Experiments 
1 2 
2 5 
3 2 
4 5 
5 2 
6 5 
7 2 

x2 x3 x4 

TABLE 2 

6511 15 4 
650 15 4 

1350 15 1 
1350 15 1 
650 59 1 
650 59 1 

1350 59 4 
n 5 1350 59 4 

x5 

+ - 
+ - - 
+ - 
+ 

x5 
(mm) 

1.5 
0.8 
1.5 
0.8 
0 .R 
1.5 
0 .R 
1.5 

Response 

Y 1  
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Y8 

Response 
( Y i e l d  !Y) 

11.1 
92.8 
19.7 
55.5 
75.5 
45.4 
46.5 
55 

Leve ls  o f  each parameter a r e  represented  by a s iqn :  (-1 f o r  
t h e  low l e v e l ,  (+) f o r  t h e  h i g h e r  l e v e l .  

Resu l t s  a re  shown i n  t a b l e  2, w i th  t h e  v a r i a b l e s  f o r  each 
parameter s t u d i e d  be ing  i d e n t i f i e d .  

C o e f f i c i e n t s  h i  r e p r e s e n t i n g  t h e  e f f e c t  o f  t h e  parameters X i  
can be est imated. h i  w i l l  be t h e  mean d i f f e r e n c e  of t h e  response 
when X i  v a r i e s  f rom l e v e l  0 t o  l e v e l  + 1. I n  o t h e r  words, 
response v a r i e s  by about 2 h i  when t h e  cor respond ing  f a c t o r  
changes f r o m  one l i m i t  o f  t he  exper imen ta l  p l a n  t o  t h e  o the r .  

h i  va lues  a re  c a l c u l a t e d  as f o l l o w s :  

- Y 1  +Y2 -Y3 +Y4 -Y5 +Y6 -Y7 +Y0 

8 b l  = 
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1642 CHARIOT ET AL. 

- Y 1  -Y2 +Y3 +Y4 -Y5 -Y6 +YJ +Y0 

8 b2 = 

- Y 1  -Y2 -Y3 -Y4 +Y5 +Y6 +YJ +Y8 

8 h3 = 

+ Y 1  +Y2 -Y3 -Y4 -Y5 -Y6 +Y7 +Y8 

A h4 = 

+ Y 1  -Y2 +Y3 -Y4 -Y5 +Y6 -YJ +Y8 

The c o n s t r u c t i o n  o f  t h e  m a t r i x ,  w i t h  a genera tor  
I E 2 3 4 3 3 5 3 2 4 5  i m p l i e s  t h e  combina t ion  of e f f e c t s  w i th  
i n t e r a c t i o n s .  

C a l c u l a t i o n s  produce the  f o l l o w i n g  equat ions:  

h l  = B 1  + f 3 3 5  b4 = $ 4 + $ 2 3  
h 2 =  $ 2 + $ 3 4  b5 = @ 5 + e l 3  
h3 = $ 3  + $ 2 4  + B 1 5  

where $ i  rep resen ts  t h e  r e a l  va lue  o f  t h e  c o e f f i c i e n t  and h i  t h e  
es t ima t ion .  Thus B 1 ,  and $ 3 5  a re  "a l i ases " .  

Some i n t e r a c t i o n s  can a l s o  be q u a n t i f i e d .  I n t e r a c t i o n  e x i s t s  
between two parameters when t h e  e f f e c t  o f  one parameter depends 
on t h e  l e v e l  o f  another a t  t h e  same t ime. 

I n  t h i s  case, each response i s  a f f e c t e d  by a s i q n  which i s  
t h e  produc t  o f  t h e  l e v e l s  o f  b o t h  parameters. We can c a l c u l a t e  I-! 
values f o r  two i n t e r a c t i o n s :  

- Y 1  +Y2 +Y3 -Y4 +Y5 -Y6 -YJ +YE 

8 tr14 = 

+ Y 1  -Y2 -Y3 +Y4 +Y5 -Y6 -YJ +Y0 

8 h12 = 

These es t ima t ions ,  as for  p r i n c i p a l  e f f e c t s ,  a r e  comhina- 
t i o n s  o f  e f f e c t s .  

h14 = $14  + f3 25 h12 12 + f3 45 

Resu l t s  a re  shown i n  t a b l e  3. 
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A FACTORIAL APPROACH 1643 

TARLF: 3 

h l  = 13. 
b2 = -  6 
b3 = 5.4 
b4 = 1.2 
h5 = - 17.4 

h l 4  = 10.5 
b12 = - 0.9 

Some f a c t o r s  seem t o  be impor tan t  : 1 ( s p h e r o n i s a t i o n  t ime)  
and 5 ( e x t r u s i o n  screen).  I n t e r a c t i o n  between 1 ( s p h e r o n i s a t i o n  
t ime)  and 4 (spheron iser  load)  i s  apparen t l y  impor tan t  too.  

However, i t  can be assumed t h a t  t h e  va lues  ob ta ined  f o r  some 
c o e f f i c i e n t s  a r e  i n f l u e n c e d  by i n t e r a c t i o n s  : B 35 ( i n t e r a c t i o n  
between r a t e  o f  e x t r u s i o n  and e x t r u s i o n  screen) f o r  h l ;  $ 24 
( i n t e r a c t i o n  hetween spheron iser  speed and spheron iser  l oad )  f o r  
b3. 

EXPERIMENTAL DESIGN : COMPLFMENTARY M A T R I X  

I t  i s  p o s s i b l e  t o  improve i n t e r p r e t a t i o n  by s e p a r a t i n g  e f -  

9 u i l r f i n g  a complementary m a t r i x  w i th  a genera tor  
f e c t s  and i n t e r a c t i o n s .  

1%-234--135-12h5 w i l l  g i v e  e s t i m a t i o n s  h ' i :  

b ' l  = 6 1 - $ 35 h ' 4  = 4 - B 23 
b ' 2  = B 2 - B 34 h ' 5  = 5 - B 13 
h ' 3 = $  3 - B 2 4 -  B 1 5  

The c o e f f i c i e n t s  $ i  can he i s o l a t e d  by  group ing  t h e  r e s u l t s  
o f  t he  f i r s t  and second mat r ices .  

The second f a c t o r i a l  des ign  i s  represented  i n  t a b l e  4 wi th 
coded v a r i a b l e s  . 

Resu l t s  a r e  shown i n  t a b l e  5. 

h '  va lues  corresponding t o  t h i s  new m a t r i x  a r e  g i v e n  helow. 

B v a l u e s  a r e  ob ta ined  as f o l l o w s :  

b l  + b ' l  

2 6 1  = 
b l  - b ' l  

B 3 5 =  
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1644 CHARIOT ET AL. 

b2 + b'2 
2 B2 = 

b3 + b'3 
2 B3 

b4 + h'4 
2 64 = 

b2 - t7'2 
2 B 34 = 

h4 - b'4 
2 6 2 3  = 

h5 - b'5 
2 B13 = 

b5 + b'5 
2 B.5  = .  

TABLE 4 

Parameters x1 x2 x3 x4 X5 Response 
(min) (rpm) (rprn) ( k g )  (mm) 

Experiments 
1' - 
2' + 
3' - 
4' + 
5' - 
6 '  + 
7 '  - 
8 '  + 

Y '1 
Y ' 2  
Y ' 3  
Y ' 4  
Y '5 
Y'6  
Y ' 7  
Y ' 8  

TABLE 5 

Parameters x1 x2 x3 x4 x5 Response 
(min) (rpm) (rpm) (kg) (mm) ( Y i e l d  X )  

Experiments 
1' 2 
2' 5 
3' 2 
4' 5 
5' 2 
6' 5 
7 '  2 
8 '  5 

650 
650 
1350 
1350 
650 
650 
1350 
1350 

15 
15 
15 
15 
59 
59 
59 
59 

1 0.8 
1 1.5 
4 0.8 
4 1.5 
4 1.5 
4 0.8 
1 1.5 
1 0 .R 

62.5 
34.9 
56.9 
29 
1.2 

78.7 
10.2 
47 
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A FACTORIAL APPROACH 1645 

TAPLE 6 

b ' l  = 7.3 
b ' 2  = - 4.3 
h ' 3  = - 5.0 
b ' 4  = 1.4 
h ' 5  = - 21.2 

Parameters 

$1 = 9.7 
62  = - 5.1 
$ 3  = - 0.2 
$ 4  = 1.3 
$5  = - 19.3 

b ' 1 4  = 5 
h'12 = - 5.1 

TARLE 7 

I n t e r a c t i o n s  

B35 = 2 . 3  
B 34 = - 0.8 
B 23 = - 0.1 
B 13 = 1.9 
B 24 + B 15 = 5.6 
$ 1 2  + B 45 = - 3 
$ 1 4  + $ 25 = 7.7 

Other i n t e r a c t i o n s  cannot be i s o l a t e d :  

h3 - b ' 3  

2 6 2 4  + B15 = 

$ 1 2  + $45 

$ 1 4  + $25 

B va lues  a re  r e p o r t e d  i n  t a h l e  7 

DISCUSSION OF RESULTS 

Spheron ise t ion  t i m e  has a p o s i t i v e  e f f e c t  on t h e  p r o d u c t i o n  
o f  spheres: i n c r e a s i n g  t h e  t i m e  f rom 2 t o  5 minutes improves t h e  
y i e l d  ahout 20 % ( B 1 = 9.7). However, t h e r e  i s  a s t r o n g  
i n t e r a c t i o n  B 14 + 25, which, based on our non p u b l i s h e d  
r e s u l t s  i s  p rohab ly  ma in ly  due t o  B 1 4  ( $  1 4  + f3 25 = 7.7). Thus 
spheron isa t i on  t ime  and l o a d  must he cons idered toge the r .  
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CHARIOT ET AL. 1646 

29 E 

- 1  

42 Z 

Mean v a l u e s  f o r  1 (-) 4 ( - ) ,  1 (+) 4 (-1, 1 (-1 4 (+) arid 
1 (+) 4 (+) can be r e p o r t e d  on a diagram. 

x 4  
s p he r on i s e r 1 o a d 

+ 1  
64 7; 

> x 1  
+ 1  s p h e r o n i s a  t ion  

time 

45.7 % 
- 1  

The e f f e c t  o f  i m r e a s e d  s p h e r o n i s a t i o n  time is  demonst ra ted  
a t  h ighe r  l oad  ( 4  kg) bu t  n o t  a t  ttie lower v a l u e  (1 k q ) .  

Spheron i se r  speed has  a n e q e t i v e  e f f e c t  on t h e  y i e l d  which 
is  10 A lower on p a s s i n ?  fronr 65n t o  1 3 m  rpm ( B  2 = - 5.1).  

There is an impor tan t  i n t e r a c t i o n  B 24 + B 1 5  (+ 5 .6 ) .  Tf i t  
is  cons ide red  t h a t  the i n t e r a c t i o n  between s p h e r o n i s a t i o n  t i v e  
and the e x t r u s i o n  s c r e e n  is low, B 24 + 15 can  he c o n s i d e r e d  a s  
t h e  i n t e r a c t i o n  between s p h e r u n i s e r  speed  and s p h e r o n i s e r  l oad .  

l + s ~ e r o n i s e r  x 4  l o a d  

46 5 - 47 x 

x 2  

speed  
- 1  + 1  s p h e r o n i  se r  

54.5 % 33.1 ?A 

I- 
The n e g a t i v e  e f f e c t  o f  s p h e r o n i s e r  speed is impor t an t  on ly  

a t  t h e  lower load .  
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1647 A FACTORIAL APPROACH 

33.3 ?A 

- 1  

37.6 X 

There e x i s t s  a l s o  an impor tan t  i n t e r a c t i o n  hetween sphero- 
n i s e r  speed and spheron isa t i on  t inie, i f  i t  i s  cons idered t h a t  
i n t e r a c t i o n  B 45 is neg l igeab le .  

‘ x 2  
spheron iser  speed 

+ 1  
46.6 7; 

- x 1  
+ 1  s p h e r o n i s a t i o n  

t ime  

63 % 

l- 
E f f e c t  o f  spheron isa t i on  t i n e  i s  more e v i d e n t  a t  lower  

speed, improv inq  t h e  y i e l d  by about 25 %. 

E x t r u s i o n  speed has no e f f e c t  on t l l e  y i e l d  ( 6  3 = - 0.2) and 
no s i g n i f i c a n t  i n t e r a c t i o n s  w i th  t h e  process v a r i a b l e s .  

Spheroniser l o a d  has l i t t l e  e f f e c t  on t h e  y i e l d  (B4  = 1.3) 
b u t  t he re  a re  s t r o n g  i n t e r a c t i o n s  w i t h  spheron iser  speed 
(B 24 = 5.6) and spheron isa t i on  t i m e  (6 14 = 7.71, so t h a t  these 
v a r i a b l e s  cannot be cons idered separa te l y .  

E x t r u s i o n  screen has 8 ve ry  s t r o n q  nega t i ve  e f f e c t  on t h e  
y i e l d :  ahout 40 % lower on go inq  from 0.E t o  1.5 mm 
( B  5 = - 19.3). There a r e  no i n t e r a c t i o n s  w i t h  o t h e r  v a r i a b l e s .  

The f i r s t  p l a n  gave a r e l a t i v e l y  good e s t i m a t i o n  o f  t h e  
importance o f  f a c t o r s ;  h va lues  were: 

h l  = 12 (61  = 9 .7 )  
b 2 = -  6 (B2 = - 5.1) 

h5  = - 17.4 (B5 = - 19.3) 
h4 = 1.2 (B4 = 1.3) 

The second a l t e r n a t i v e  p l a n  p e r m i t t e d  t h e  c a l c u l a t i o n  o f  t h e  
f a c t o r s  i n  an unambiguous manner and t h e  separa t i on  o f  main e f -  
f e c t s  from second o rde r  i n t e r a c t i 0 n s . B  va lue  so ob ta ined  i s  about 
0 i ns tead  o f  5.4 a t  f i r s t  for parameter X 3. 

CONCLIJS I O N  

1. The r e s u l t s  ob ta ined  enabled optimum ranges f o r  process 
v a r i a h l e s  t o  be de f ined.  
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2. A fractional factorial design allows the evaluation of 
main effects and interactions when only 16 experiments were 
performed throuqh two successive plans. 

3. Pefinition of objectives and preliminary calculations 
showed predictable results for hoth plans. The complementary plan 
was known to be helpful if ambiguity existed. 

4. Interpretation of results permitted the definition of the 
limits of the experimental zone. 

5 .  Solving prohlems with this method is of real interest for 
quantification of effects and interactions, and possihle extra- 
polation to a wider zone. Consideration of different response 
variables would permit many different interpretations and choice 
of conditions to he defined. 
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