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ABSTRACT 

Pharmaceu t i cal f ormu 1 at i on opt i mi z a  t i on cons i s t s of three 

distinct but interrelated analyses, optimization, selection of 

key parameters and selection of key factors, all accomplished 

from the same set of experimental data. However, the 

statistical formulas and their computational algorithms are 

complex. Development of an in-house software i s  a formidable 

task. Four short SAS programs are provided t o  accomplish the 

task effectively and speedily. Two optimization studies, a 

mobile phase composition study and a pharmaceutical formulation 

study are analyzed by using the programs. 

output are explained clearly and interpreted appropriately. 

The contents of the 

INTRODUCTION 

The primary purpose of this paper is t o  provide the 

development pharmacist with adequate computational and 

statistical means t o  accomplish in a most effective, convenient 
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422 BOHIDAR 

and r a p i d  manner t h e  complex da ta  a n a l y s i s  aspects  o f  

formu 1 a t  i on o p t  i m i  z a t  i on s t u d  i es . 
o p t i m i z a t i o n  a n a l y s i s ,  as d e f i n e d  i n  (1 ,2 ) ,  i s  composed o f  

t h r e e  d i s t i n c t  b u t  i n t e r r e l a t e d  component p a r t s .  

p a r t  c o n s i s t s  o f  t h e  o p t i m i z a t i o n  a n a l y s i s  i t s e l f ,  g e n e r a t i n g  

t h e  optimum l e v e l s  o f  t h e  f a c t o r s  (e.g.  e x c i p i e n t ,  process)  

which s imu l taneous ly  s a t i s f y  t h e  goa ls  assoc ia ted  w i t h  s e v e r a l  

response parameters (1.2).  The second p a r t  a n a l y s i s  i d e n t i f i e s  

t h e  most i m p o r t a n t  p roduc t  p r o p e r t y  (e.g. d i s s o l u t i o n ,  

d i s i n t e g r a t i o n )  from t h e  same s e t  o f  responses considered i n  

t h e  f i r s t  p a r t  ( 3 ) .  The t h i r d  p a r t  a n a l y s i s  s e l e c t s  t h e  key  

f a c t o r s  which e x e r t  cons ide rab le  i n f l u e n c e  on t h e  outcome o f  

t h e  p roduc t  p r o p e r t i e s  ( 4 ) .  

r e s u l t s  o f  the  l a s t  two analyses a re  p r i m a r i l y  used for 

m o n i t o r i n g  i n  a time-and-cost e f f e c t i v e  manner t h e  f u t u r e  

performance o f  t h e  optimum f o r m u l a t i o n  and fo r  unders tand ing  

t h e  v a r i o u s  mechanisms govern ing  t h e  pharmaceut ica l  system 

(3-5). A l l  t h r e e  analyses a r e  an a b s o l u t e  n e c e s s i t y  fo r  t h e  

development o f  a successfu l  optimum f o r m u l a t i o n .  However, t h e  

s t a t i s t i c a l  formulas and t h e i r  computat ional  a l g o r i t h m s  a r e  

enormously i n t r i c a t e  i n v o l v i n g  i t e r a t i v e  numer ica l  methods. 

The development o f  an in-house so f tware  for these procedures i s  

a f o r m i d a b l e  t a s k .  The in-house so f twares ,  p r e s e n t l y  

a v a i l a b l e ,  h a r d l y  meet t h e  needs fo r  even t h e  f i r s t  p a r t  

a n a l y s i s .  

Pharmaceut i c a l  f o rmu l  a t  i on 

The f i r s t  

I t  should be noted he re  t h a t  t h e  
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SAS TM 423 

anal ys i s of opti mi zat 

computer programs and 

optimization analysis 

on data, (b 

(c) the sal 

of a mobile 

To mitigate the situation to a considerable extent this 

paper presents (a) the various statistical formulations for the 

a complete set of four SAS 

ent results of the 

phase composition study and a 

pharmaceutical formulation study, obtained by using the 

computer programs. 

THEORY 

The optimization theory pertaining to pharmaceutical 

formulation development is elaborated, in detail, in references 

(1 -6) .  Only the salient features o f  the theory relevant to the 

objective of this paper are presented. Let X I ,  X2---- Xk 

denote the k number of independent variables and let 

YIY2- - - -Yp denote the p number o f  dependent variables. 

In general, a second order polynomial regression function is 

fitted to each of the p dependent variables. 

the regression function is as f o l l ows :  (without loss o f  

general i ty consider k = 3 ) ,  

The structure of 

Y 1 =Bo+B i X  1 +B2X,+B,X?+B i X:+B, LX:+B3 3X:+B c X  1 x 2  

+ B i  ~ X I X ~ + B Z ~ X ~ X ~  

where i = 1 ,  2 ,  ---- P 
Let W’ be the column vector of independent variables and their 

functions. Explicitly, 

w’= [1 X I  x 2  x 3  x: x: x’, xIx2 x Ix3  X Z x 3 1  

w 9 1  3 [No w 1  w 2  w3 ----------- 
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424 BOHIDAR 

The number o f  t e r m s  i n  each regress ion  f u n c t i o n  i s  1/2(K+l)(K+2). 

The l e a s t  squares estimates of  the p a r t i a l  regress ion  

c o e f f i c i e n t s  are B=(W'W)-'W'Y based on the normal equation, 

W'WB = W'Y. 

CB'W'Y-R(Bo>l[Y'Y-R(Bo)l- '  where, R(Bo)=NY, N = number o f  

fo rmula t ions ,  v = CY/N. 

Canonical conversion o f  the  regress ion  func t ion :  

The expression fo r  the R2-value i s  R 2 =  
2 

I n  vector  no ta t i on ,  the  regress ion  func t i on  i s  expressed as, 

Y = BO + X'B + X'B'X 

where, X = [ X ,  X z  X , l ,  B = CB1 B 2  B 3 1  and 

2B1 B 1 2  B I  3 

B' = 1 / 2  2822 B 2 3  1::; B,, 283 3 

The nature o f  the  s t a t i o n a r y  p o i n t  i s  obta ined by examining the 

d i r e c t i o n s  ( s igns )  o f  the eigen values der ived  as a s o l u t i o n  of 

the determinanta l  equat ion,  lB*-XII=O. I f  a l l  the e igen 

values are  p o s i t i v e ,  then the s t a t i o n a r y  p o i n t  i s  a unique 

minimum. Whereas, i f  a l l  the eigen values are negat ive,  the  

s ta t i ona ry  p o i n t  i s  a unique maximum. The s t a t i o n a r y  p o i n t  i s  

g iven by Xo=-B*- '(1/2)B. 

the same s ign,  then the s t a t i o n a r y  p o i n t  i s  a saddle p o i n t  and 

there  i s  no unique optimum. The e x p l o r a t i o n  process i s  

i n i t i a t e d  by us ing the f o l l o w i n g  canonical e x p l o r a t i o n  

func t i on ,  

I f  the e igen values do no t  share 

Y, = Yo + x1z: + x2z: + 132: 

i = 1, 2 ,  --- p 
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SASTM 425 

equa t ion  

t h e  Hess  

X-var i  ab 

where, Yo i s  t h e  es t ima ted  response a t  t h e  s t a t i o n a r y  p o i n t ,  

X 1 ,  Xz, and XB are  t h e  e igen  va lues  o f  t h e  Hessian 

M a t r i x  B* and Z 1 ,  Z 2  amd Z 3  are  t h e  new r i g i d l y  r o t a t e d  

coo rd ina tes .  The r e l a t i o n s h i p  between t h e  r i g i d l y  r o t a t e d  

coo rd ina tes  and t h e  o r i g i n a l  X -va r iab les  i s  e s t a b l i s h e d  by t h e  

Z = V'X, where V i s  t h e  e igen  v e c t o r  m a t r i x  d e r i v e d  from 

an M a t r i x .  

es i s  based on genera t i ng  m u l t i d i m e n s i o n a l  g r i d - p o i n t s  by 

The c o n s t r u c t i o n  of t h e  g r i d - m a t r i x  o f  t h e  

r e s o r t i n g  t o  the  f o l l o w i n g  v e c t o r  equa t ion ,  

. . . .  
X " '  = a + Y'(R-a> 

where, Y i s  t h e  g r i d  search p a r t i t i o n  s t e p  parameter ,  

1, and a and 0 are  t h e  g r i d  search s t a r t i n g  and end 

A d o t  denotes a v e c t o r  q u a n t i t y .  

0 5 Y 

p o i n t s  r e s p e c t i v e l y .  

The o p t i m i z a t i o n  procedure a p p r o p r i a t e  f o r  pharmaceu t i ca l  

a t e  Simultaneous O b j e c t i v e  

which i s  desc r ibed ,  i n  d e t a i l ,  i n  

f o r m u l a t i o n  i s  c a l l e d  " M u l t i v a r  

O p t i m i z a t i o n  Procedure (M-SOOP) 

r e f e r e n c e s  ( 1 , 2 > .  

S e l e c t i o n  o f  Key Response Parameters: 

Th is  i s  accompl ished by r e s o r t i n g  t o  P r i n c i p a l  Component 

A n a l y s i s  based on t h e  var iance-covar iance m a t r i x  1. The r e l a t i v e  

magnitude o f  t h e  square of  t h e  components o f  t h e  e i g e n  v e c t o r  for 

t h e  l a r g e s t  e igen  va lue  o f  t h e  1 m a t r i x  p r o v i d e s  a b a s i s  for 

s e l e c t i n g  t h e  key parameters,  s ince  t h e  sum o f  t h e  squares o f  t h e  

components i s  equal to  one. 

i n  re fe rence  ( 3 1 .  

The d e t a i l s  o f  t h e  method a r e  p r o v i d e d  
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426 BOHIDAR 

S e l  ec  t i on o f  Key Formu 1 a t  i on Fac to rs  : 

T h i s  i s  accomplished by u s i n g  t h e  C-A-S techn ique  ( 4 )  which 

p rov ides  a bas i s  for combining t h e  r e s u l t s  o f  t h e  

a l l - p o s s i b l e - r e g r e s s i o n  a n a l y s i s  and t h e  r e s u l t s  o f  t h e  

s tepwise-regress ion a n a l y s i s .  S e t - t h e o r e t i c  approach i s  used t o  

e x t r a c t  parameters which a r e  e a s i l y  i n t e r p r e t a b l e  i n  t h e  

pharmaceut ical  c o n t e x t  (4) .  

O P T I M I Z A T I O N  COMPUTER PROGRAMS 

The pharmaceut ical  f o r m u l a t i o n  o p t i m i z a t i o n  a n a l y s i s  i s  

accomplished by u s i n g  f o u r  separate s h o r t  SAS programs. 

con ta ins  the  main o p t i m i z a t i o n  program which i s  w r i t t e n  i n  t h e  SAS 

S t a t i s t i c a l  Comptuter language (7). The program has no 

r e s t r i c t i o n s  w i t h  r e s p e c t  to  t h e  number o f  v a r i a b l e s  ( independent  

or dependent) t o  be analyzed. Some of t h e  s tatements i n  t h e  

program must be m o d i f i e d  to s u i t  t h e  s p e c i f i c a t i o n s  o f  a p a r t i c u l a r  

s tudy.  I t  should be noted here t h a t  t h e  program, as i t  appears i n  

Table-1, i s  based on the  s p e c i f i c a t i o n s  o f  t h e  mob i l e  phase 

composi t ion s tudy.  A s  i n d i c a t e d  by Statement-4.  t h i s  s tudy  has 3 

X -va r iab les  ( independent)  and 3 Y -va r iab les  (dependent)  and t h e  

da ta  for these s i x  v a r i a b l e s ,  arranged i n  columns o f  numbers, a r e  

i n  t h e  da ta  f i l e  named "ACET" (Statement-3) which i s  c r e a t e d  

s e p a r a t e l y  and s t o r e d  i n  t h e  memory p r i o r  t o  t h e  e x e c u t i o n  o f  t h e  

main o p t i m i z a t i o n  program (0PT.SAS). 

ano the r  name for t h e  f i l e ,  t h a t  name must be i n s e r t e d  i n s t e a d .  

Table-1 

Should t h e  use r  p r e f e r  
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TM 
PHARMACEUTICAL FORMULATION OPTIMIZATION USING SAS 

TABLE-1 

SAS PROGRAM STATEMENTS FOR OPTIMIZATION 

PROGRAM* 
STATEMENT 

NO. PROGRAM STATEMENTS 

427 

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 

xxxxxx xxxxxxxxxx xxxxxxx xxxxxx; 
DATA A; 
I N F I L E  ACET; 
INPUT X1 X2 X3 Y1 Y2 Y3; 
PROC RSREG DATA=A OUT=C; 

PROC PRINT DATA=A; 

SET A END=EOF; OUTPUT; 

MODEL Y1 Y2 Y3 = X1 X2 X3 / PREDICT; 

DATA B; 

I F  EOF THEN DO; Y1=.; Y2=.; Y3=.; 

DO X2=5 TO 50 BY 5 
DO X1=2.5 TO 7.0 BY .5;  

; 
DO X3=5.0 TO 50 BY 5; 
OUTPUT ; 
END; 

END; 
END; 

END; 
/ *  PROC PRINT DATA=B; * f  
PROC RSREG DATA-6 OUT=C; 

/ *  PROC PRINT DATA-C; * /  
MODEL Y1 Y2 Y3 = X1 X2 X3/ PREDICT; 

DATA D; SET C; 
I F  3<Y1<7 AND Y 2 ~ 1 . 1  and O<Y3<0.5; 
PROC PRINT DATA=D; 

*The program statement  numbers a r e  n o t  a p a r t  o f  t h e  program. 

The con ten ts  o f  t h e  f o l l o w i n g  program statements must be m o d i f i e d .  

Statements 4, 6 and 21 a r e  changed a c c o r d i n g  to  t h e  number of  

X-var iab les and Y-va r iab les  be ing  considered.  Statements 10 and 24 

are changed a c c o r d i n g  to  t h e  number o f  Y -va r iab les  o n l y .  

Statements 1 1 ,  12 and 13 a r e  c a l l e d  t h e  "DO" s ta temen ts .  There 
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428 BOHIDAR 

TABLE- 2 

SAS PROGRAM STATEMENTS FOR SELECTION OF 
KEY PARAMETERS 

PROGRAM* 
STAT EM E NT 

NO. PROGRAM STATEMENTS 

xxxxx xxxxx; 
DATA A;  
INFILE ACET; 
INPUT X1 X2 X3 Y1 Y2 Y3; 

VAR Y1 Y2 Y3; 
PROC PLOT; 
PLOT PRIN2 * P R I N 1 ;  

PROC PRINCOMP COV OUT=PRIN; 

*The program statement  numbers a re  n o t  a p a r t  o f  t h e  program. 

must be as many "DO" statements as t h e r e  a re  X -va r iab les .  

e x p l o r a t i o n  range o f  each X-va r iab le  a l o n g  w i t h  i t s  i nc remen t  v a l u e  

( s u p p l i e d  a f t e r  t h e  word "BY") a r e  i n s e r t e d  i n t o  these 

statements.  Small increment  va lues l e a d  t o  f i n e  numer i ca l  

r e s o l u t i o n  o f  t h e  r e s u l t s .  The numer ica l  va lue  o f  t h e  goal  

assoc ia ted  w i t h  each Y-va r iab le  is i n s e r t e d  i n t o  Statement-24. 

The 

"DO" 

Tables 2, 3 and 4 c o n t a i n  t h e  SAS programs f o r  t h e  

s e l e c t i o n  o f  key parameters, s e l e c t i o n  of  key  f a c t o r s  ( R 2 >  

and s e l e c t i o n  of  key f a c t o r s  ( s tepw ise ) ,  r e s p e c t i v e l y .  

Statement-3 o f  each t a b l e  shows t h a t  t h e  same d a t a - f i l e  "ACET" 

i s  used i n  a l l  t h r e e  programs i n d i c a t i n g  t h a t  one does n o t  have 

to  c rea te  a new d a t a - f i l e  f o r  each program. Statement-4 i n  a l l  

t h r e e  t a b l e s  and statement-6 i n  Tables 3 and 4 a r e  m o d i f i e d  
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SASTM 

TABLE-3 

SAS PROGRAM STATEMENTS FOR SELECTION OF 
KEY FACTORS USING R2 ONLY 

PROGRAM * 
STATEMENT 

NO. PROGRAM STATEMENTS 

429 

1 xxxxx xxxxx; 
2 DATA A; 
3 I N F I L E  ACET; 
4 INPUT X1 X2 X3 Y1  Y2  Y3 ;  
5 PROC RSQUARE DATA=A; 
6 MODEL Y ,  Y2 Y 3  = X i  X z  X 3  

*The  p r o g r a m  s t a t e m e n t  n u m b e r s  a r e  not a p a r t  o f  t h e  p r o g r a m .  

TABLE-4 

SAS PROGRAM STATEMENTS FOR SELECTION OF 
KEY FACTORS USING STEPWISE PROCEDURE 

PROGRAM* 
STAT EM E N T 

NO. PROGRAM STATEMENTS 

1 xxxxx xxxxx; 
2 DATA A; 
3 I N F I L E  ACET; 
4 INPUT X1 X2 X3 Y1 Y2 Y3 ;  
5 PROC STEPWISE DATA=A; 
6 MODEL Y 1  Y 2  Y3 = X I  X2 X,/STEPWISE; 

* T h e  p r o g r a m  s t a t e m e n t  n u m b e r s  a r e  not a p a r t  o f  t h e  p r o g r a m .  
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430 BOHIDAR 

accord ing  to t h e  number o f  X -va r iab les  and Y-va r iab les  

considered.  However, Statement-6 i n  Table-2 i s  m o d i f i e d  

acco rd ing  t o  t h e  number o f  dependent v a r i a b l e s  cons ide red .  

a l l  t a b l e s ,  1. 2, 3 and 4 ,  t h e  c o n t e n t s  o f  Statement-1 depend 

I n  

upon t h e  s p e c i f i c  computer system b e i n g  used, and as such t h e  

computer department o f  t h e  u s e r ' s  f a c i l i t y  must p r o v i d e  t h i s  

i n f o r m a t i o n  as w e l l  as t h e  a p p r o p r i a t e  i n s t r u c t i o n s  f o r  p roper  

implementat ion and execu t ion .  

Computer P r  i n t o u  t 

The o u t p u t  from t h e  o p t i m i z a t i o n  program p r o v i d e s  f o r  each 

dependent v a r i a b l e ,  ( 1 )  Rz-value. ( 2 )  p a r t i a l  r e g r e s s i o n  

c o e f f i c i e n t s  o f  t h e  second o r d e r  po l ynomia l  f u n c t i o n ,  ( 3 )  e igen  

whether 

n t .  

t h e  

va lues  and e lgen  v e c t o r s  and ( 4 )  a statement  i n d i c a t i n g  

t h e  s t a t i o n a r y  p o i n t  i s  a maximum, minlmum or saddle PO 

The l a s t  page of t h e  o u t p u t  p rov ides  t h e  f i n a l  r e s u l t s ,  

optimum l e v e l s  o f  t h e  independent v a r i a b l e s  which s a t i s  Y 1  

s imu l taneous ly ,  t h e  g o a l s  assoc ia ted  w i t h  each dependent 

v a r i a b l e .  

The o u t p u t  f o r  t h e  s e l e c t i o n  o f  key parameters program 

p r o v i d e s  t h e  va r iance -cova r iance  m a t r i x  o f  t h e  dependent 

v a r i a b l e s  and t h e  e igen  va lues  and e i g e n  v e c t o r s  o f  t h e  

va r iance -cova r iance  m a t r i x .  

key f a c t o r s  ( R 2 )  p r o v i d e s  for each dependent v a r i a b l e  a l l  t h e  

R*-va lues a s s o c i a t e d  w i t h  (2'-1) r e g r e s s i o n  equa t ions  

i n v o l v i n g  k independent v a r i a b l e s  ( 4 ) .  

s e l e c t i o n  o f  key f a c t o r s  ( s tepw ise )  program p r o v i d e s  f o r  each 

The o u t p u t  f o r  t h e  se e c t i o n  o f  

The o u t p u t  f o r  t h e  
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SASTM 431 

dependent v a r i a b l e  t h e  s e q u e n t i a l  s i g n i f i c a n c e  t e s t s  for t h e  

p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  i n  a s tepwise manner ( 4 ) .  

O P T I M I Z A T I O N  STUDIES: DESIGN, RESULTS AND DISCUSSION 

The performance o f  t h e  main o p t i m i z a t i o n  program i s  

demonstrated by u s i n g  i t  f o r  t h e  a n a l y s i s  o f  two o p t i m i z a t i o n  

s t u d i e s .  

f o r m u l a t i o n  s tudy .  The d e s c r i p t i o n  as w e l l  as t h e  

i n t e r p r e t a t i o n  o f  t h e  c o n t e n t s  of t h e  o u t p u t  a r e  s u c c i n c t l y  

p resen ted  i n  t h i s  s e c t i o n .  

a m o b i l e  phase compos i t i on  s tudy  and a pharmaceut ica l  

Mob1 l e  Phase Composi t ion O p t i m i z a t i o n :  

The s e p a r a t i o n  o f  pu re  drug substance from i t s  deg rada t ion  

p r o d u c t  i s  one o f  t h e  p r i m a r y  f u n c t i o n s  o f  t h e  P r e - f o r m u l a t i o n  

S e c t i o n  o f  t h e  Pharmaceut ics Department. T y p i c a l l y ,  t h e  

process i n v o l v e s  t h e  s e l e c t i o n  o f  a r e l e v a n t  s e t  o f  s o l v e n t s  

and m o d i f i e r s  and o f  t h e i r  appropr  a t e  c o n c e n t r a t i o n s  for 

e x p e r i m e n t a l l y  d e t e r m i n i n g  t h e  optimum mob i le  phase compos i t i on  

which meets t h e  goa ls  a s s o c i a t e d  w i t h  a p r e s c r i b e d  s e t  o f  

q u a n t i t a t i v e l y  assessed column performance parameters.  

p r e s e n t s  t h e  independent v a r i a b l e s  and t h e i r  coded and a c t u a l  

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

Table-5 

The dependent v a r i a b l e s  comprise o f  (i) c a p a c i t y  f a c t o r  

(k’) (ii) peak skew and (iii) HETP (He igh t  e q u i v a l e n t  

t h e o r e t i c a l  p l a t e ) .  These column performance parameters a r e  

measured for t h e  v a r i o u s  combinat ions of t h e  l e v e l s  o f  t h e  two 
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432 BOHIDAR 

TABLE- 5 

CODED AND ACTUAL CONCENTRATIONS/LEVELS OF THE FACTORS 

COMPOSITION STUDY 

1.  B u f f e r  pH Coded* -1.215 -1.0 0 +1.0 +1.215 
A c t u a l  2.50 2.90 4.75 6.60 7.0 

Coded* -1.215 -1.0 0 +1.0 +1.215 
2. Methanol  % A c t u a l  5.0 9.0 27.5 46.0 50.0 

3. A c e t o n i t r i l e  % Coded* -1.215 -1.0 0 +1.0 +1.215 
A c t u a l  5.0 9.0 27.5 46.0 50.0 

FORMULATION STUDY 

Coded -1.547 -1.0 0 +1.0 +1.547 
1 .  CAB-0-SIL (mg) A c t u a l  0.001 0.44 1.24 2.04 2.48 

2. Encompress/Lactose Coded -1.547 -1 .O 0 +1 .o +1.547 
R a t i o  mg/mg A c t u a l  0 .98 1.26 2.15 4.19 6.68 

3.  S t a r c h  D i s i n t e g r a n t  Coded -1.547 -1.0 0 +1 .O +1.547 
(mg) A c t u a l  0.001 2.25 6.44 10.6 12.88 

4.  S t e a r i c  A c i d  (mg) Coded -1.547 -1 .O 0 +1 .o + I  .547 
A c t u a l  0.001 1.22 3.44 4 .66  6.80 

5 .  Magnesium S t e a r a t e  Coded -1.547 -1.0 0 +1.0 +1.547 
(mg) A c t u a l  0 .35  0.60 1.05 1.50 1 .75  

*Coded c o n v e r s i o n :  C=(A-B)/E, where A=actual  , B=base (=O) and 
E-exper imenta l  u n i t  ( f a c t o r i a l  spac ing )  
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TAB L E-6 

Second Order Pol ynomi a1 Regression Functions 

Y 1 =33.77- 1 . 1 6X 1 -0.39X2 -074X 3 +O . 1 5X -0.003X 1 X 2 -0.001 X: 
-0.004X 1 X 3  +O . 01 1 X p  X3+0. 002X: (R2=98.3%> 

Y, =3.96-0.90X 1 +0.013Xz-0 .01 X3+0. 096X:+0.001 X 1 X,-O.O0004X:-O. 002X 1 X 3  

-0. 00057x2x3+0.0001 5 x j  (R2=87. 3%) 

Y 3 =73.94+23.9X 1-0.56Xp-5. 8X3-2.63X:+0. 01 3X 1 X2-0 .  O2X:+OI 024X 1 X 3 

+O. 028X2X3+0.069X: (R2=87.2%) 

Y ,  = Capacity Factor ,  Y z  = Peak Skew, Y J  = HETP, 
X I  = B u f f e r  pH, X 2  = Methanol, X 3  - A c e t o n i t r i l e  

1 -2.63 0.007 0.012 
0.007 -0.020 0.014 I 0.012 0.014 0.069 

H E S S I A N  MATRIX FOR Y 3  = HETP = 

organic  mod i f i e rs  and b u f f e r  pH. 

which c o n s t i t u t e  the  mobi l e  phase compositions are generated 

based on an orthogonal c e n t r a l  composite (augmented) f u l l  

t h ree - fac to r  f a c t o r i a l  design w i t h  a center  p o i n t .  (The 

f a c t o r i a l  s t r u c t u r e  o f  a th ree  f a c t o r  composite design can be 

der ived  by t a k i n g  the f i r s t  8 rows and the l a s t  7 rows of the  

t a b l e  i n  page 159 i n  re fe rence ( 1 ) ) .  

polynomial regress ion  f u n c t i o n  and i t s  R2-value for each 

dependent v a r i a b l e  are presented i n  Table-6. The Hessian 

mat r ices  f o r  the  three response va r iab les  are cons t ruc ted  

( o n l y  the Hessian ma t r i x  f o r  Y 3  i s  shown i n  Table-6) and t h e  

e igen values for  each m a t r i x  are ex t rac ted .  

the three eigen values o f  each response parameter do n o t  share 

F i f t e e n  such combinations 

The second-order 

Table-7 shows t h a t  
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4 34 BOHIDAR 

TABLE-7 

MAGNITUDES AND DIRECTIONS (SIGNS) OF E IGEN VALUES 
OF THE HESSIAN MATRIX (B') 

Dependent 
Var i ab 1 e 

COMPOSITION STUDY 

Nature of the 
Eigen Values Stat ionary Point  

1 Capacity Factor 0.146 0.0059 -0.0053 Saddle Point  
2 Peak Skew 0.096 0.0003 -0.00024 Saddle Point  
3 HETP 0.0713 -0.0216 -2.628 Saddle Polnt  

FORMULATION STUDY 

XI X Z  1 3  X. X S  

1 Content Uniform1 t y :  0.303 0.065 -0.016 -1.442 -4.992 Saddle Point  

2 Tablet Strength: 0.863 0.024 0.007 -0.056 -0.710 Saddle Point  

3 Relative Dissolut ion:  1.118 -0.010 -0.400 -2.333 -8.154 Saddle p o i n t  

The number of optimum compositions thus generated by the 

program f o r  Y l ,  Y z  and Y, are 9, 5 and 8 respect ively.  A 

cursory examination o f  these optimum compositions reveals t h a t  

the l e v e l  o f  a c e t o n i t r i l e  remains consls tent ly  a t  40% or above 
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SASTM 

the same sign, indicating that the nature of the stationary 

point is a saddle point in each case. This finding leads to 

the construction of the canonical form of the second-order 

polynomial regression function (See Table-8) for implementing 

systematic exploration of the solution space for the optimum 

which is equally likely t o  occur in the experimental region 

(MSOOP procedure). 

this point to convert the X-variables into Z-variables (rigidly 

rotated coordinates) to enter the canonical functions. Table-9 

presents the exploration ranges and the grid-step parameters 

for the independent variables and the prespecified goals for 

the dependent variables. Based on 1015 iterations, two optimum 

mobile phase compositions that achieved the prespecified goals 

associated with the three response parameters are found and 

listed in Table-10. The results of the regression analysis, as 

shown in the output, indicate that acetonitrile has a 

significant (p<0.02> effect on HETP and peak skew. It is 

decided to examine this result, in detail, because of the 

computer speed and the program's versitility and capability. 

The main optimization program is run for each dependent 

variable, separately, imposing the most ideal goal for each 

variable. The goals set for Y , ,  Y z  and Y 3  are, 

respectively, 4.0-4.9,  less than 0.8 and less than 0.5. 

for all dependent variables. This consistency is maintained, 

irrespective of the magnitude o f  the levels of the other two 

independent variables . 

Transformation matrices are necessary at 

43 5 
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436 

TRANSFORMATION M A T R I X  FOR Y , :  '.32 .09 -.12 .93 -.lo' 
.68 .18 -.61 - .34 . -.08 
.oo .95 .31 -.06 -.03 
.65 -.24 -71  -.11 -.02 
-11 .05 -.04 - 0 6  .99 

BOHIDAR 

TABLE-8 

CANONICAL FORM OF THE SECOND-ORDER POLYNOMIAL REGRESSION 
FUNCTION 

COMPOSITION S T U Q  

Y, = 2.25 + 0.1462: + 0.0059Z: 
Y 2  = 1.37 + 0.0962: + 0.000342: - 0.00024Z: 
Y3  

- 0.00532: 

16.02 + 0.0712: -0.02162: - 2.6282: 

1 TRANSFORMATION MATRIX FOR Y i :  0.99986 0.0167 0.000415 
(COLUMN 1 FOR X i ,  
COLUMN 2 FOR X z ,  
COLUMN 3 FOR 1,) 

-0.01039 0.6025 0.79808 I -0.01308 0.79797 -0.6026 

Y i  = Capaci ty  Fac tor ,  Y 2  - Peak Skew, Y 3  = HETP 
Z i  = RRC(X, = B u f f e r  pH), Z z  = RRC (X, - Methanol, 
Z 3  - RRC ( X 3  = A c e t o n i t r i l e )  
RRC = R l g i d l y  Rotated Coord ina te  

FORMU LA TION STUDY 

Y I  = 100.64 + 0.3042: + 0.0652: - 0.0162: - 1.442: - 4.992: 
Yz = 4.46 + 0.8632: ; 0.0242: + 0.007Z: - 0.055Z: - 0.7102: 
Y 3  I 164.81 + 1.11921 - 0.0102: - 0.4002: - 2.332: - 8.1542: 

Pharmaceuti cal Formu 1 at i on Opt i mi zat i on Study 

Formulation optimization commands the major function of the 

Pharmaceutics Department. 

the selection of a relevant set o f  excipients and process 

The experiment typically involves 

variables and of their appropriate levels for experimentally 
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TABLE-9 
EXPLORATION RANGES AND GOALS FOR THE 

OPTIMIZATION STUD1 ES 

NO. EXPLORATION RANGES GRID-STEP PRESPECIFIED 
PARAMET E R* GOALS 

COMPOSITION STUDY 

1. 2.5 5 X i  5 7.0 y = 0.11 3.0 5 YI 5 7.0 

3. 5.0 5 X J  t5o.o y = 0.11 Y, < 0.5 
2. 5.0 5 Xz <50.0 y = 0.11 Y2 < 1.1 

FORMULATION STUDY 

1.  0.0 5 X i  5 2.48 y = 0.20 Y ,  > 100 
2. 0.98 I Xz 5 6.68 y = 0.14 Y Z  > 5 

5. 0.35 5 Xs 5 1.75 y = 0.21 

3. 0.0 5 X3 5 12.88 y = 0.08 Y3 > 80 
4. 0.0 5 Xq 6.80 y = 0.07 

*y i s  the grid-step parameter, calculated by the reciprocal 
of the ratio (RangeiIncrement) 

TABLE- 1 0 

F I N A L  RESULTS 
OPTIMUM CONCENTRATIONS FOR MOBILE PHASE COMPOSITIONS AND 

OPTIMUM LEVELS FOR PHARMACEUTICAL FORMULATIONS 

COMPOSITION STUDY 

NO. OPTIMUM CONCENTRATIONS PREDICTED RESPONSE 

X I  x z  x 3  Y1 Yz Y3 
1. 4.5 45.0 40.0 3.38 1.09 0.24 
2. 5.0 45.0 40.0 3.35 1.08 0.49 

FORMULATION STUDY 

NO. OPTIMUM LEVELS PREDICTED RESPONSE 

X I  x z  x 3  x 4  x s  Y I  Yz Y3 
1. 2.1 1.98 12.0 5.0 1.35 100.35 5.2 80.1 
2. 2.1 1.98 12.0 6.0 1.35 100.52 5.2 81.2 
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de te rm in ing  t h e  optimum f o r m u l a t  

s imu l taneous ly ,  t he  p r e s p e c i f i e d  

on wh 

goal  s 

BOHIDAR 

ch meets, 

s e t  fo r  t h e  p r o d u c t  

p r o p e r t i e s  considered.  The exper imen ta l  s p e c i f i c a t i o n s  o f  t h i s  

s tudy a re  descr ibed,  i n  d e t a i l ,  i n  r e f e r e n c e  (1 )  i n  pages 

168-173, i n  which t h e  drug p r o d u c t  i s  r e f e r r e d  t o  as 

Product-T. Table-5 shows t h e  a c t u a l  and coded l e v e l s  o f  t h e  

independent v a r i a b l e s .  Amont t h e  s i x  response v a r i a b l e s  

measured o r i g i n a l l y ,  o n l y  t h r e e  v a r i a b l e s  

a r e  considered f o r  t h i s  paper .  

generated based on an o r thogona l  c e n t r a l  composi te (augmented) 

h a l f  f r a c t i o n a l  5 - f a c t o r  f a c t o r i a l  des ign  w i t h  a c e n t e r  p o i n t .  

Table-7 d e p i c t s  t h e  d i r e c t i o n s  o f  the  e igen  va lues  f o r  each 

dependent v a r i a b l e .  

same s ign ,  i t  would be surmised t h a t  t he  n a t u r e  o f  t h e  

s t a t i o n a r y  p o i n t  i s  a saddle p o i n t  for each case. 

shows t h e  canonica l  form o f  t h e  r e g r e s s i o n  f u n c t i o n  and t h e  

t r a n s f o r m a t i o n  m a t r i x  fo r  Y , .  Table-9 p resen ts  t h e  

e x p l o r a t i o n  ranges and t h e  g r i d - s t e p  parameter for each 

independent v a r i a b l e  and t h e  g o a l s  s e t  f o r  t h e  t h r e e  dependent 

v a r i a b l e s .  The f i n a l  r e s u l t s  c o n s i s t i n g  of  two optimum 

f o r m u l a t i o n s  a re  presented i n  Table-10. 

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  t h e  optimum l e v e l s  o f  t h e  

Twenty seven f o r m u l a t i o n s  a r e  

Since t h e  e igen  va lues do n o t  share t h e  

Table-8 

independent v a r i a b l e s  presented i n  Table-10 f a 1  1 w i t h i n  t h e  

r e s p e c t i v e  ranges o f  t h e  optimum l e v e l s  o f  t h e  independent 

v a r i a b l e s  of  t h e  t h r e e  optimum f o r m u l a t i o n s  o b t a i n e d  f o r  

Product-T. (presented i n  r e f e r e n c e  (1  > ) ,  w i t h  t h e  e x c e p t i o n  of  
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PHARMACEUTICAL FORMULATION OPTIMIZATION USING SAS 

Cab-O-Sil ( X I >  and s t e a r i c  a c i d  (X,>(See t a b l e  be low).  

X I  X Z  X J  X.7 X S  

Range ( R e f .  1 )  0.83-1.39 1.67-3.0 12.5-13.0 2.29-3.44 1 .O-1 . 4  
Present  Study 2.1 1.98 12.0 5.0-6.0 1.35 

The optimum l e v e l s  o f  these two e x c i p i e n t s  a r e  e s s e n t i a l l y  

doubled i n  t h i s  s tudy.  Th is  i s  because d i s i n t e g r a t i o n  i s  n o t  

i n c l u d e d  i n  t h e  o p t i m i z a t i o n  a n a l y s i s  of t h e  p r e s e n t  s tudy .  

These two e x c i p i e n t s  seem to  impede r a p i d  d i s i n t e g r a t i o n  ( 1 ) .  

SELECTION OF KEY RESPONSE PARAMETERS AND KEY FACTORS 

I N  O P T I M I Z A T I O N  SYSTEMS 

For 

f a c t o r s  

s t a t i s t  

s e l e c t i n g  t h e  

t h e  computer 

cs presented 

i n t e r p r e t a t i o n  o f  t h e  

key response parameters and t h e  key 

programs i n  Tables 2-4 genera te  a l l  t h e  

n r e f e r e n c e  ( 3 )  and ( 4 ) .  The 

s t a t i s t i c a l  r e s u l t s  i n  t h e  o u t p u t  i s  a l s o  

p rov ided ,  i n  d e t a i l ,  i n  t h e  same two re fe rences .  

NOTE: The user  may c o n t a c t  t h e  au tho r  ( D r .  N. R .  Bohidar ,  1530 

B r i d a l  Path Road, Lansdale, PA 19446) for any 

c l a r i f i c a t i o n  o f  t h e  con ten ts  o f  Tables 1-4. 
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