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ABSTRACT 

A s low-re lease t a b l e t  f o r m u l a t i o n  c o n t a i n i n g  h i g h  l e v e l s  o f  a montomor i l -  

l o n i t e  c l a y ,  Veegum F@ , was i n i t i a l l y  developed by t r i a l  and e r r o r .  The 

p resen t  s t u d y  was under taken t o  u t i l i z e  an approach i n v o l v i n g  s t a t i s t i c s  

w i t h  t h e  a i d  of computer sc ience  t o  develop a fo rmu la  w i t h  d e s i r e d  cha r -  

a c t e r i s t i c s .  An exper imenta l  des ign  f o r  f i v e  f a c t o r s  was employed. The 

f i v e  f a c t o r s  c o n s i s t e d  o f  l e v e l s  o f  v a r i o u s  components and t h e  amount o f  

compressional f o r c e  a p p l i e d  w h i l e  t a b l e t i n g .  The response o r  dependent 

v a r i a b l e s  i n c l u d e d  t a b l e t  we igh t  u n i f o r m i t y ,  hardness and f r i a b i l i t y ;  and 

pe rcen t  d r u g  i n  s o l u t i o n  a f t e r  3 hours o f  d i s s o l u t i o n  t e s t i n g .  The r e -  

sponse v a r i a b l e s  were f i t t e d  t o  a second-order po lynomia l  w i t h  t h e  f i v e  

f o r m u l a t i o n  f a c t o r s  as t h e  independent v a r i a b l e s .  

were used t o  o p t i m i z e  t h e  f o r m u l a t i o n  wi th  respec t  t o  t h e  response v a r i -  

ab les .  The r e s u l t s  i n d i c a t e d  t h a t  a f o r m u l a t i o n  w i t h  t h e  d e s i r e d  charac-  

t e r i s t i c s  c o u l d  be p r e d i c t e d  by  t h e  technique.  

The r e s u l t i n g  equa t ions  

Copy-right 0 1985 by Marcel Dekker, Inc. 
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1090 HARRIS, SCHWARTZ, AND MC GINITY 

INTRODUCTION 

There i s  an increasing interest  in the development and ut i l izat ion 

of controlled release d r u g  delivery systems, 

ceived a great deal of attention, since they are  the most convenient t o  

administer. 

Oral dosage forms have re- 

I n  the previous reports (1-3) of t h i s  ser ies ,  the development of a 

slow-release tablet  formulation containing a high level of  magnesium 

aluminum s i l i ca t e  was described. The release was found t o  follow f i r s t -  

order kinetics with several possible mechanisms involved. The mechanisms 

included hydration of the clay, diffusion of the soluble model d r u g  (sodium 

sulfathiazole) through a hydrated gelatinous barrier and  a t t r i t i on  of the 

gel barr ier .  

The term "optimized" i n  pharmaceutical product development has been 

used in the past to  suggest t h a t  a product h a d  been improved t o  sa t i s fy  

the objectives of  the development sc ien t i s t .  However, today th i s  term 

usually implies that  s t a t i s t i c s  and computers have been uti l ized t o  define 

the best possible product. 

pharmaceutical l i t e ra ture  on this  subject. The major emphasis in these 

studies was the optimization of conventional dosage forms. 

There have been several reports (4-12) i n  the 

The formulation of the slow-release tablet  characterized previously 

(1-3) resulted from a t r i a l  and error process. 

the use of s t a t i s t i c s  with the a i d  o f  computer science t o  predict a for- 

mulation with the desired characterist ics will be described. 

However, in th i s  report 

EXPERIMENTAL 

The materials and procedure to prepare tablets  was reported ear l ie r  ( 1 ) .  

To q u n t i t a t e  compressional force, the following procedure was used: 
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SLOW-RELEASE TABLET FORMLTLATION 109 1 

1 .  Three tablets  o f  each formulation were compressed with a 

hydraulic press’ usinq the same s ize  punch and die set  
n 

(7/16” f l a t  face bevel edge) as in the tablet  machineL; 

2. The amount o f  pressure used t o  compress tablets  was mea- 

sured w i t h  the a i d  o f  a load cell  calibrated to 2000 

pounds ; 

3 

4 3 .  The hardness of the three tablets  was then measured and 

a mean value calculated: 

4 .  This mean value was then used t o  calibrate the single punch 

tablet  machine. 

Although this  method of quantitating the force involved in the compression 

of tablets did n o t  take into account the dwell times, hardness resul ts  

(Table 1 )  were reproducible for  tablets  made with the same formulation and 

compression force. The pressures employed are shown in Table 2 .  

The experimental design (Table 3 )  required the preparation of  27 

tablet  formulations. Tablets made from each of the formulations were 

subjected t o  dissolution5, hardness, f r i ab i l i t y  and uniformity t e s t s .  

These tes t s  represented the response variables. The independent vari - 
ables (investigator controlled) included: 

montomorillonite level ( X 2 ) ,  dextrose-maltose8 level ( X 3 ) ,  magnesium 

stearate level ( X 4 ) ,  and starch” level ( X 5 ) .  Calcium phosphate dihydrate 

was used as the f i l l e r .  

6 

compressional force ( X ,  ) ,  
7 

9 11 

The translation of the levels in the experimental design into experi- 

mental values appears in Table 4 .  The experimental units were a rb i t ra r i ly  

chosen. The zero level represented the level of the variables used t o  pre- 

pare the prototype formulation ( 1 ) .  

were then calculated by adding or subtracting the experimental u n i t .  

The levels for additional experiments 

For 
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1092 

Formula 

HARRIS, SCHWARTZ, AND MC GINITY 

TABLE 1 

HARDNESS OF THREE TABLETS 

Hardness ( k g )  
mean 2 S .  D. 

1 

2 
3 
4 

5 
6 
7 
8 

9 

10 
11 

12 

13 
14 
15 

16 

17 
18 
19 

20 
21 

22 
23 
24 
25 
26 

27 

5.58 2 0.38 

9.0 t o . 0  
6.16 5 0.14 

10.4 2 0.63 
t 5.6 - 0 . 6  

11.25 0.0 
7.6 2 0.4 

10.9 2 0.38 
6.2 2 0.5 
9.9 2 0.38 

6.7 2 0.28 
9.7 2 0.72 

6.1 2 0.14 
8.8 ? 0.14 

7.0 2 0.5 

11.6 2 0.57 
4.7 2 0.29 

11.8 5 0.52 
8.1 2 0.38 
9.5 2 0.0 

8.2 2 0.28 

8.7 2 0.28 
9.6 2 0.5 
8.2 2 0.14 
7.1 2 0.38 
9.4 2 0.38 
9.25 2 0.0 
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SLOW-RELEASE TABLET FORMULATION 1093 

TABLE 2 

EXPLANATION OF COMPRESSIONAL FORCE FACTOR** 

Exper i  men t a 1 
Fac to r  Level  D i a l  Reading* F a c t o r  Level  

Design 

0.25 1050 -1.547 

0.5 1200 -1 

1 .o 1500 0 

1.5 1800 +1 

1.75 1950 +l. 547 

*read f rom a Load C e l l ,  Enerpac Model LH-101 
**Three t a b l e t s  o f  t h e  formulas were compressed a t  t h e  d i a l  r e a d i n g  

corresponding t o  t h e  s p e c i f i c  l e v e l  i n  t h e  des ign  f o r  t h a t  
formula.  The t a b l e t s  were t e s t e d  f o r  hardness and t h e  va lues  
recorded. 
punch t a b l e t  machine. 

The average hardness was used t o  c a l i b r a t e  t h e  s i n g l e  

example, + 1 i n  t h e  des ign  i n d i c a t e d  t h a t  one exper imenta l  u n i t  was added 

t o  t h e  ze ro  l e v e l  and v i c e  versa f o r  -1. 

extreme values f o r  each f a c t o r  and t h e  exper imenta l  l e v e l s  were c a l c u l a t e d  

by adding o r  s u b t r a c t i n g  o n e - h a l f  expe r imen ta l  u n i t  t o  o r  f rom t h e  e x p e r i -  

mental l e v e l s  co r respond ing  t o  t 1  o r  -1 i n  t h e  des ign .  

The 2 1.547 va lues rep resen ted  

Each o f  t h e  fou r  responses was f i t 1 2  t o  a second-order po lynomia l  o f  

t h e  type:  

Y = b, t blXl ... + b5X5 

bl2X1 x2 ... + b45X4X5 

2 ... + b X b l l x :  55 5 

where Y = response v a r i a b l e  

b = r e g r e s s i o n  c o e f f i c i e n t  

X = independent  v a r i a b l e  

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1094 HARRIS, SCHWARTZ, AND MC G I N I T Y  

TABLE 3 

EXPERIMENTAL D E S I G N  

Factor Level i n  Experimental Units 
Trial  

x1 x2 x3 x4 x5  

1 -1 
2 +1 

3 -1 
4 +1 
5 -1 
6 +1 
7 -1 

a +I  
9 -1 

10 + 1  

11 -1 
12 +1 
13 -1 
14 + 1  
15 -1 

16 +1 
17 -1.547 
18 t1 .547  
19 0 

20 0 
2 1  0 
22 0 
23 0 
24 0 
25 0 

26 0 
27 0 

-1 
-1 
+ 1  
+I 
-1 
-1 
+ 1  
+1 
-1 
-1 
+ 1  

+l 
-1 
-1 
+1 
+1 
0 
0 

-1.547 
+l. 547 

0 
0 
0 
0 
0 

0 
0 

-1 
-1 
-1 
-1 

+ 1  
+1 
+1 

+1 
-1 

-1 
-1 
-1 
+1 
+1 
+1 
+1 

0 
0 

0 
0 

-1.547 
+I .  547 

0 

0 
0 

0 

0 

-1 
-1 
-1 
-1 

-1 
-1 
-1 
-1 
+1 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
0 
0 
0 
0 
0 

0 
-1.547 
t 1 . 5 4 7  
0 

0 
0 

+1 
-1 
-1 
+1 

-1 
+1 
+1 

-1 
-1 

+1 
+1 
-1 
+1 
-1 
-1 
+1 

0 
0 

0 
0 
0 
0 
0 
0 

-1.547 

+l. 547 
0 
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SLOW-RELEASE TABLET FORMULATION 1095 

Factor 

Compressional 
Force Factor 
eu* = 0.5 

Montmorillonite 
eu = 5% 

Dextrose 
eu = 2.5% 

Magnesi urn 
S teara te  
eu = 0.5% 

Starch 
eu = 5% 

TABLE 4 

TRANSLATION OF VARIABLES 

Level in Design 

-1.547 

0.25 

22.5 

10.5 

0.25 

12.5 

-1 

E 

0.5 

25.0 

11.5 

0.5 

15.0 

0 

p e r i n  

1 .0  

30.0 

14.0 

1.0 

20.0 

+1 

! n t a l  

1.5 

35.0 

16.5 

1 .5  

25.0 

*Experimental u n i t  

The four response equations were subsequently fed i n t o  a computer optimi- 

za t ion  program13. The objec t ive  was t o  f ind  the  l eve l s  o f  t he  f i v e  inde- 

pendent var iab les  t h a t  would provide t a b l e t s  w i t h  t he  desired responses. 

RESULTS A N D  DISCUSSION 

The experimental design was of the orthagonol type f o r  f i v e  

f ac to r s  (13) .  

changed a t  the same time t o  study the e f f e c t  of each var iab le  as i f  

they were changed one a t  a time. I t  a l so  permitted the  evaluation 

of the  influence of i n t e rac t ions  between the var iab les .  The f i r s t  

s ix teen  t r i a l s  represented a one-half f ac to r i a l  design f o r  f i v e  

f ac to r s  and the  f ac to r s  were varied a t  two l eve l s  (+1 and - 1 ) .  The 

remaining t r i a l s  were designed t o  t e s t  the  e f f e c t  of each var iab le  

I t  enabled the f i v e  independent var iab les  t o  be 

+l. 547 

. e v  e l  s 

1.75 

37.5 

17.75 

1.75 

27.5 
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1096 HARRIS, SCHWARTZ, AND MC G I N I T Y  

a t  an upper and lower  extreme w h i l e  h o l d i n g  t h e  o t h e r  f o u r  a t  a 

cons tan t  l e v e l .  T h i s  t y p e  o f  des ign was used p r e v i o u s l y  i n  t h e  

o p t i m i z a t i o n  o f  a r a p i d  r e l e a s e  t a b l e t  f o r m u l a t i o n  wi th  success ( 5 ) .  

T a b l e t  we igh t  u n i f o r m i t y ,  hardness, f r i a b i l i t y  and p e r c e n t  d rug  i n  

s o l u t i o n  a f t e r  t h r e e  hours o f  d i s s o l u t i o n  t e s t i n g  were chosen as 

the  response v a r i a b l e s .  The t a b l e t s  made f rom each f o r m u l a t i o n  

were t e s t e d  and t h e  r e s u l t s  appear i n  Table 5. 

was f i t  t o  t h e  second-order po lynomia l  and t h e  r e g r e s s i o n  c o e f f i -  

c i e n t s  a r e  shown i n  Table 6. 

a r e  a l s o  g i v e n  and as can be seen,a reasonably  good f i t  was o b t a i n e d  

f o r  t he  hardness, f r i a b i l i t y  and d i s s o l u t i o n  responses. 

f i t  f o r  t h e  we igh t  u n i f o r m i t y  response was p robab ly  due t o  t h e  

l a c k  o f  v a r i a t i o n  o f  t h e  parameter  used. The c o e f f i c i e n t  o f  v a r i a -  

t i o n  o r  r e l a t i v e  s tandard d e v i a t i o n  was t h e  parameter and as shown 

i n  Table 5 i t  d i d  n o t  change s i g n i f i c a n t l y  f o r  t h e  v a r i o u s  formula- 

t i o n s .  F u r t h e r  examina t ion  of t h e  o t h e r  t h r e e  equa t ions  r e v e a l e d  

t h a t  t h e  equa t ion  f o r  f r i a b i l i t y  may have been a l e s s  than  d e s i r -  

a b l e  f i t. 

c a l c u l a t e d  F va lue  was s i g n i f i c a n t  a t  t h e  95% l e v e l  f o r  a l l  except  t h e  

f r i a b i l i t y  equa t ion  (Tab le  va lue  o f  F20,6 =o.05 = 3 .87) .  However, 

a t tempts  t o  use o t h e r  models f o r  t h e  f r i a b i l i t y  data d i d  n o t  improve 

t h e  r e s u l t s  and t h e  second o r d e r  po lynomia l  model was determined t o  b e  

t h e  best .  The c o r r e l a t i o n  c o e f f i c i e n t s  f o r  p r e d i c t e d  and exper imenta l  

va lues were a l s o  good f o r  t h e  d i s s o l u t i o n ,  hardness and f r i a b i l i t y  r e -  

sponses (see Table 7 ) .  

Each response 

The R2 va lues  f o r  t h e  f o u r  equa t ions  

The poor  

An F t e s t  f o r  t h e  r e g r e s s i o n  equa t ions  was performed and t h e  

,a 

The optimum f o r m u l a t i o n  c o u l d  now b e  ob ta ined .  A f o r m u l a t i o n  w i t h  

t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  was des i red .  

1 )  minimum amount o f  drug r e l e a s e  a f t e r  3 hours; 

2 )  hardness o f  8-12 kg; 

3) f r i a b i l i t y  va lue  less  t h a n  0.8%. 
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SLOW-RELEASE TABLET FORMULATION 1097 

TABLE 5 

RESPONSES FOR TWENTY-SEVEN FORMULAS 

Formula Weight Uni formi ty  Hardness (kg) F r i a b i  1 i ty  Oissol u t i o n  

1 0.85 5.0 0.88 24.56 
2 0.84 9.75 0.03 30.42 
3 0.49 5.53 0.0005 42.98 

4 1.45 9.9 0.12 24.69 
5 0.68 5.5 0.41 47.1 

6 0.94 11.33 0.07 27.98 
7 0.64 6.68 0.42 31.24 

(C.V., %)n=20 mean, n = 6 (%),  n.10 ( % ) ,  n = 3 

8 0.88 8.95 0.09 47. a4 

9 0.67 4.93 0.7 34.67 

10 0.66 9.7 0.12 24.84 
11 0.89 6.1 0.27 25.84 
12 0.88 8.18 0.12 37.11 

13 0.7 4.83 0.67 29.69 

14 1.09 7.6 0.16 40.93 

15 0.88 6.08 0.33 48.27 
16 1.07 10.4 0.13 82.26 

17 0.37 4.48 0.88 34.27 
18 0.98 10.7 0.09 28.55 

19 0.61 8.88 0.15 30.78 

20 1.53 6.45 0.06 37.91 

21 1.59 6.58 0.52 32.7 

22 0.45 7.18 0.1 39.5 

23 0.87 7.68 0.11 34.83 

24 1.8 6.48 0.29 35.56 

25 0.83 5.95 0.28 46.36 

26 0.76 8.4 0.17 28.77 
27 0.7 7.78 0.16 32.36 

Therefore, the  ob jec t i ve  was t o  minimize the d i s s o l u t i o n  func t i on  w i t h  

the hardness and f r i a b i l i t y  equations used as cons t ra in ing  func t ions .  

This was accomplished w i t h  the a i d  o f  an op t im iza t ion  computer program 

( G R G 2 )  t h a t  was ab le  t o  solve problems o f  t h i s  type. 

As l ong  as the  d i s s o l u t i o n  func t i on  was continuous there  would be 

a maximum o r  minimum value. The maximum o r  minimum value o f  the  func t i on  
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1098 HARRIS, SCHWARTZ, AND MC GINITY 

TABLE 6 

REGRESS ION COEFFICIENTS 

Variable Weight Un i fo rmi ty  Hardness F r i a b i l i t y  O i  ssol u t i o n  

x1 1.07 4.5 -2.227 1.8 
-1.41 16.7 2.14 -22.8 

-0.06 -0.749 0.24 2.76 

x3 0.136 0.14 -0.273 2.79 

x2 

-1.25 -1.6 0.704 3.7 x4 

x5 0.204 0.369 0.082 -0.54 

x1 x1 -0.632 0.74 0.439 -6.58 

x2x2 0.0007 0.0088 -0.00237 -0.0136 

x3x3 -0.0008 -0.0207 0.0051 2 0.0703 

x4x4 0.541 -0.16 -0.068 0.15 

x5x5 -0.00419 0.0001 -0.00023 0.0436 

x1 x2 0.0188 -0.127 0.043 0.035 

x2x3 -0.00315 0.0126 0.0044 -0.0311 

x3x4 0.0565 -0.114 0.006 -0.341 

x4x5 -0.0297 0.0265 -0.027 0.188 

x1 '3 0.0075 0.039 0.004 0.015 

'1 '4 

'1 '5 

'2'4 

'2'5 

-0.223 -0.82 -0.01 1.91 

0.0017 0.157 0.019 0.279 

0.0112 0.1055 -0.001 -0.183 

0.00263 0.003 1 5 -0.0001 -0.0503 

-0.00575 0.014 -0.0012 -0.1086 
x3x5 

R2 (%)  60.3 
F 0.454 

95.6 91 .o 
6.5 3.03 

98.4 
18.8 

would occur a t  the point where the pa r t i a l  der iva t ives  a l l  equaled zero 

o r  where one of the pa r t i a l  der iva t ives  became discontinuous. 

would be a s t a t iona ry  point.  A s ing le  function could have many s t a t iona ry  

points,  e .g . ,  local maximums o r  minimums.  The t a s k  was even more d i f f i -  

c u l t  when the cons t r a in t s  were added t o  the problem. 

T h i s  point 
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1100 HARRIS, SCHWARTZ, AND MC GINITY 

0 . 0  2 0 . 0  4 0 . 0  60.0 80.0  1 0 0 . 0  

MONTMORILLONITE LEVEL 

F I G U R E  1 

Interaction effects for montmorillonite and starch on tablet 
hardness: 5.0,  8.0 or 12.0 kg. 

GRG2 was an optimization program that utilized a generalized 

reduced gradient method to search for the maximum or minimum o f  a 

function with or without constraints. The logic of these search 

techniques was to start at some base point and by iterative pro- 

cesses determine a new set of values for  the variables. The func- 

tion was analyzed at the new point and if the requirements for a 

maximum or minimum were not met, the process was continued. 

more detailed discussion of optimization procedures can be found in 

references 14-18. 
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SLOW-RELEASE TABLET FORMULATION 1101 

1 0 0 .  

8 0 .  

6 0 .  
w 
> 
W -1 

W 
vl 
0 + 1 
9 4 0 .  
I W 

vl 0 p: 

k x 
W n 

2 9 .  

0 .  

1 2 . 0  

0 . 0  2 0 . 0  4 0 . 0  6 0 . 0  8 0 . 0  1 0 0 . 0  

M O N T M O R I L L O N I T E  L E V E L  

FIGURE 2 

I n t e r a c t i o n  e f f e c t s  o f  d e x t r o s e - m a l t o s e  and  m o n t m o r i l l o n i t e  
o n  t a b l e t  h a r d n e s s :  5 . 0 ,  8 . 0 ,  o r  1 2 . 0  kg .  

The objec t ive  a n d  cons t r a in t  functions were fed in to  the pro- 

gram. The ranges f o r  t he  variables were: 

force f ac to r  0.25 - 1.75% 

montmorillonite 5.0 - 50.0% 

dex t rose -ma 1 t 0s e 0.0 - 80.0% 

magnesium stearate 0.5 - 1.50% 

s ta rch  0.0 - 20.0% 

After 13 searches the  r e s u l t s  were t h a t  a t a b l e t  formulation w i t h  

the following leve ls  of the var iab les :  
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1102 HARRIS, SCHWARTZ, AND MC GINITY 

1 

2 
W 
> 
w 

W 
wl 
0 
I- 

I- 
X 
W 
n 

S T A R C H  L E V E L  

F I G U R E  3 

I n t e r a c t i o n  e f f e c t s  o f  d e x t r o s e - m a l t o s e  a n d  s t a r c h  on t a b l e t  
h a r d n e s s :  5 . 0 ,  8 . 0  o r  1 2 . 0  k g .  

force f ac to r  1.1 

veegum 29 .98% 

dextrose-maltose 14.00% 

magnesium s t e a r a t e  0.96% 

starch 20.00% 

would re lease  33.25% d r u g  in so lu t ion  in  three  hours, have a f r i a -  

b i l i t y  value of 0.1% and a hardness of 7.76Kg. 

was e s sen ta i l l y  the  same as the  prototype formulation which corres- 

ponded to  number 27 i n  the experimental design. As can be seen i n  

Table 7 ,  the experimental and predicted r e s u l t s  a r e  i n  exce l len t  

agreement. Therefore, i t  was concluded t h a t  t he  prototype formula- 

This formulation 
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SLOW-RELEASE TABLET FORMULATION 1103 

1 0 0 .  

8 0 .  

6 0 .  

4 0 ,  

2 0  

0 

\ 

MONTMORILLONITE LEVEL 

F I G U R E  4 

I n t e r a c t i o n  e f f e c t s  o f  d e x t r o s e - m a l t o s e  a n d  m o n t m o r i l l o n i t e  
on t a b l e t  d i s s o l u t i o n :  1 5 ,  30 o r  50% d i s s o l v e d  i n  3 h o u r s .  

t ion  developed by t r i a l  a n d  e r r o r  was the  optimum formulation which 

was a l so  predicted by a computer u t i l i z a t i o n .  

The second-order polynomial model used t o  f i t  this data can be 

One way to  geometrically thought of as representing a surface.  

i l l u s t r a t e  t h  s sur face  i n  two dimensions was t o  p lo t  one indepen- 

dent var iab le  vs. another while holding the  response level and the 

o ther  var iab les  constant (19) .  

contour l i n e s .  

which would be d i f f i c u l t  t o  represent i n  two dimensions (19) .  

The re su l t i ng  curves a r e  ca l l ed  

A second-order equation defined a quardric sur face  

How- 
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1 0 0 . 0  

8 0 . 0  

6 0 . 0  

S T A R C H  
L E V E L  

40.C 

2o.c 

0.c 

M O N T M O R I L L O N I T E  L E V E L  

FIGURE 5 

I n t e r a c t i o n  e f f e c t s  of s t a r c h  a n d  mon tmor i l l on i t e  o n  t a b l e t  
d i s s o l u t i o n :  15 ,  30 o r  50% d r u g  d i s s o l v e d  i n  3 hours .  

ever, information regarding one factor 's  dependence upon another 

factor i s  obtainable from these p l o t s .  Contour plots for  generated 

data in the reasonable experimental range are given in Figures 1-6.  

These plots indicated t h a t :  

1) To maintain the same tablet  hardness, the starch 

level must be decreased and the dextrose-maltose 

level s l ight ly  increased when the montmorillonite 

level i s  increased (Figures 1 and 2 ) ;  and t h a t  the 

dextrose-ma1 tose level must be increased when the 

starch level i s  increased (Figure 3 ) .  
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1 
w 
w 
W 

60.0. 
W 
v) 
0 + 
1 
-x r 
I 

w 

1105 

1 
100.0 

8 0 . 0  

FIGURE 6 

I n t e r a c t i o n  e f f e c t s  o f  d e x t r o s e - m a 1  t o s e  a n d  s t a r c h  o n  t a b l e t  
d i s s o l u t i o n :  1 5 ,  30 o r  50% d r u g  d i s s o l v e d  i n  3 h o u r s .  

2 )  To m a i n t a i n  a cons tan t  d i s s o l u t i o n  response t h e  

dextrose-ma1 t o s e  l e v e l  should be decreased and 

s t a r c h  l e v e l  s l i g h t l y  increased when t h e  mont- 

m o r i l l o n i t e  l e v e l  i s  increased (F igures  4 and 5 ) ;  

and t h a t  t h e  dext rose-mal tose l e v e l  should be 

s l i g h t l y  increased when t h e  s t a r c h  l e v e l  i s  increased 

(F igure  6 ) .  

As i n d i c a t e d  b y  Down e t  a l .  ( l l ) ,  these p l o t s  were u s e f u l  f o r  ga in -  

i n g  i n f o r m a t i o n  about t h e  f o r m u l a t i o n .  

Another t y p e  o f  p l o t  con ta ins  t h e  response p l o t t e d  as a func-  

t i o n  o f  each v a r i a b l e .  To represent  a l l  f i v e  v a r i a b l e s  i n  one p l o t  
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1106 HARRIS, SCHWARTZ, AND MC G I N I T Y  

TABLE 8 

Factor 

x1 

x4 

x5 

UNNORMALIZED AND NORMALIZED FACTOR LEVELS 

Unnormal i zed Level 

0.25 
0.5 
1 .o 
1.5 
1.75 

5 .O 
10.0 
20 .o 
30.0 
40.0 

0 .o 
20.0 
30.0 
40.0 
50.0 

0.25 
0.5 
1 .o 
1.5 
2.0 

0.0 
10.0 
20.0 
40.0 
50.0 

Normalized Level (%) 

0 .o 
16.7 
50 .O 
83.3 

100.0 

0 .o 
14.3 
42.3 
71.4 

100.0 

0.0 
40.0 
60.0 
80.0 

100.0 

0.0 
14.3 
42.3 
71.4 

100.0 

0.0 
20.0 
40.0 
80.0 

100.0 

the f a c t o r  l e v e l s  had t o  be normalized (10). 

was used t o  normalize the d i f f e r e n t  l eve l s :  

The f o l l o w i n g  equat ion 

N = -  x - L  x 1 0 0  Eq. 2 
H - L  

where N i s  the normalized f a c t o r  l e v e l ,  X i s  t h e  unnormalized f a c t o r  

l e v e l ,  L and H are  the lowest and h ighes t  l e v e l s  f o r  a s p e c i f i c  fac -  

t o r  respec t ive ly .  The unnormalized and normalized l e v e l s  f o r  the  
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0 
0 

1107 

I n  CL 
3 
0 I 

m 

* U 
z 
E: 
5 
5: 
E 

-I 

a z a n 

#- z W 

V p: W 

a 

0 . 0 0  20.00 40 .00  60.00 8 0 . 0 0  1 0 0 . 0 0  

N O R M A L I Z E D  FACTOR L E V E L  ( P E R C E N T )  

FIGURE 7 

Percent  d rug  i n  s o l u t i o n  a t  3 hours as a f u n c t i o n  o f  each 
independent v a r i a b l e .  Key: A m o n t m o r i l l o n i t e ;  0 s ta rch ;  

0 compressional f o rce ;  0 dextrose-ma1 tose; m magnesium 
s t e a r a  t e  . 

f i v e  f a c t o r s  a r e  g i ven  i n  Table 8 .  The d i s s o l u t i o n  and hardness 

responses a r e  p l o t t e d  as a f u n c t i o n  o f  each independent  v a r i a b l e  i n  

F igu res  7 and 8 r e s p e c t i v e l y .  

cons tan t  a t  t h e i r  optimum l e v e l s .  As shown i n  F i g u r e  7, t h e  p e r c e n t  

drug i n  s o l u t i o n  a t  3 hours decreased w i t h  i n c r e a s i n g  s t a r c h  l e v e l s  

and inc reased  w i t h  i n c r e a s i n g  r n o n t o m o r i l l o n i t e  l e v e l s .  

sponse appeared t o  be i n f l u e n c e d  l i t t l e  by  t h e  change i n  compressional 

f o r c e  and magnesium s t e a r a t e  l e v e l s .  

The o t h e r  f o u r  v a r i a b l e s  were h e l d  

T h i s  re- 

F i g u r e  8 shows t h a t  t a b l e t  

hardness decreased w i t h  an i nc rease  in m o n t o m o r i l l o n i t e  l e v e l  up t o  

about  80 percent .  Hardness a l s o  i nc reased  w i t h  an i nc rease  i n  s t a r c h  
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0.00 20.00 40.00 60.00 80.00 100.0 

N O R M A L I Z E D  FACTOR L E V E L  ( P E R C E N T )  

FIGURE 8 

Tablet  hardness as a func t i on  o f  each independent var iab le .  
Key: A montmori l loni te;  0 starch; 0 compressional force; 
0 dextrose-ma1 tose; magnesium stearate.  

l e v e l  and compressional fo rce .  This response appeared t o  be indepen- 

dent of a change i n  the l e v e l  o f  magnesium s teara te .  The p l o t  shows 

t h a t  as the  l eve l  of dextrose-maltose increased there  was a p o i n t  

where a f u r t h e r  increase caused the t a b l e t s  t o  become s o f t e r .  As 

i s  very evident, these p l o t s  were a lso  an asset f o r  ga in ing  knowledge 

about the formulat ion.  

The r e s u l t s  o f  the op t im iza t i on  technique ind i ca ted  t h a t  t h i s  

procedure was very use fu l .  

the  slow-release t a b l e t  by prepar ing twenty-seven t r i a l  formulat ions.  

The method no t  on l y  enabled the p red ic t i on  o f  a fo rmula t ion  w i t h  the  

desired cha rac te r i s t i cs ,  bu t  a l so  made i t  poss ib le  t o  gain important 

It was poss ib le  t o  completely charac ter ize  
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i n f o r m a t i o n  concern ing t h e  phys icochemical  p r o p e r t i e s  o f  t h e  dosage 

form. 

FOOTNOTES 

1. 

2. 

3. 

4 .  

5 .  

6. 

7. 

8 .  

9. 

10. 

11. 

12. 

13. 

Carver  Press 

Stokes, Model F 

Enerpac, Model LH-101 

H e r b e l e i n  

Hanson, S i x  S p i n d l e  Apparatus 

Roche F r i a b i l a t o r ,  100 Revo lu t i ons  

Veegum P, R. T. V a n d e r b i l t  

Emdexm, Edward Mendell  Co., I n c .  

City Chemical C o r p o r a t i o n  

S ta rch  1500@, Colorcon Co. 

Emcompress@, Edward Mendel 1 Co., I n c .  

M I N I  TAB S t a t  i s t i c a l  Package 

GRG2 
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