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b r m e c y  Rescrrrdi ad Dcvelqurnt 

blerck Fross t  Laboratories 
Ki rk lad ,  me&, C a w h  
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The we of a desA-top canputer i n  thc f ie ld  of foamulotiar! 
and pmcess optimization is described. To i l l u s t r a t e  an oppli- 
cation of this technique, a serios cf tablets l los imm prcpard  
according to a classical opt,tinization design to dctexmiire tlw 
opt ima levels of proct5s variables which wet prc-cstihlistxd 
specifications for  product vilriooles (Itarthiss , tliichess , etc.) 

based on second order polynomial Fredictor quslt iorls for each 

wwured pwanwter. 

The use of c-ter-assisted optimization techniques i n  
phanaaceutical dosage fona developitwit has k*en the subject ot' 

several literature reports (1-3) but rrppareiitly ltas imt rrccived 
hide-spread acceptance mi usage. One of tlie dra*baclis is tlurt 
Parye-scale cayluting f a i l i t i e s  l~ilvc! k e n  required and tllese are 
not always readily accessible to d e v e l o p s t  laboratory persauiel . 
With the recent revolution i n  tlle coruputing equipment industry, 
low-cosr, sophisticated devices are IKW available to  most medium- 
sired laboratories. A series of pr0yr;llps has been written i n  
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312 D O W E T  A L O  

1 this labontoy  for use in  a desA-tqi catrputer to corduct die 
cunplex c a l c u l a t i m  required for ionnulation and pmccss q)ti- 
m i  ta t i  011s. 

The pmpose of the wort contained in t h i s  r q m t  was to 
provide, via matlieamtical aodeiing of tablet propert ies ,  mre 
c q l e t e  rlocuaentation of each f o m l a t i o n  and process under 
development for future reference ad also to  provide a rapid 
method of determining the location of t Iw optiaul (as defined 
by the various coristnints imposed on the system). 

l'he model should be so constituted t h t  i t  can he used to 

predict accurately the perfoimuurcc of the "prototype?', 
prototype, in turn, is the full-scale physical system w l t i d i  is 
t o  te deled.  A second-order plynoluirrl equation is usrrl as 

tlre modeling equation. Sharp discontinuities in the prntotype - 
sw%t as c a p p i ~ / I d n a t i n g  in the case of thc tablet  system - 
are d i f f i c u l t  to  aCCOIIlOdate by this  d e l  ad regions of cxperi- 
mnta t ia r  *here diis occurs slrould generally be avoided. 

79re 

A systearatic series of exprimmu must f i r s t  be performed 
in order to define tlw interior of a '%ox" bou~wlal in each dimen- 
sion by selected limits of experimentation, each dimension repre- 
sentmg a single independent variable. Ihe three independent 
variable system is the easiest t o  visualize (see Fig. 1). Ihe 
design matrix (4) for tlus systea is outlined in  Table 1. 

Tbe modeling a p a t i c n  in  this  case w i l l  be of the fom: 
7 

+ b5Xt2 + b6%- + 
Y - bo + blXl + btX2 + bJX3 + b4X1 2 

where: Y - measured response (dependent variable) 
bo, tl ,  ... estitmted regression coefficients 

XI, X2, X3 - inlqtenlent variables 

An equution of th is  type is g e n e n t d  by a arltiple linear 
regression t d m i q u e  for eadi of the dependent variables measured. 
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i 

Fig. 1 - A three-factor wclposite design. 

TABLE I 
A nlres-Factor C q m s i t e  Design 

Trial 

1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 

Factor Level 

x1 x2 x3 

1 
1 
1 
1 
-1 
-1 
-1 
-1 
1.215 
-1.215 
0 
u 
0 
0 
0 

1 
1 
-1 
-1 
1 
1 
-1 
-1 
0 
0 
1.215 
-1.215 
0 

0 
0 

1 
-1 
1 
-1 
1 
-1 
1 
-1 
0 
0 
0 
0 

1.215 
-1.21s 
0 
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314 Dam rr AE, 

The technique can I;c i l l~istratetl  by the examination of a 

Yi = B!, + e l l i t 1  + 62Xi,2 + ei 

diere: Yi = value of the dopendent variable in the i 

multil.le regression mode1 w i t h  just two imJe;xdent variables: 
i - 1 to  n (Eq. 2) 

tll 

fornu lo t  im 
b 0 4  ,Liz = partial regressim coafZicients 

Xi - valuc of the 

ei  = ratdm ermr 
formulation 

The fi t ted regressiai plane 

th independent variables in  the i 

associated with the itJ' fornulation 

1' - b,, + b l f l  + h2Xt (tq.  3) 

is deterrained by the MU of least squares. The least squares 
function is: 

I: . n. - 
Tlm values of t i 0 4  and B2 that minimize IS are the least squares 

estiwtors, bO, tl and b Z D  respectively. "lie values of boDbl 

a i d  b, tltat miiiilnite LS arc solutions to the normal equations: 
a= 

nbo + bl & x1 + b2 c x2 = ZY 

bg : XI + tl I: XI2 + b2 I: XIXt - E 5Y 
ti,, Z 5 + bI f XIX2 + b2 Z X12 - 1 XtY 

(Eq. 5) 

Iha "goodnest of f i t "  of tha ptdictor equations nust be establi- 
shed by stat is t ical  mcuns. 

2 ilrs R value, or  coefficient of detenuination, provides an 
indew of the goodnetss-of-fit of the prtciictor equation 
urputed using the foorarrla: 
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COMPUTER-ASSISTED OPTIXLZATIObl TECllNIqUES 315 

I 

To say that die regrcssioii line is "good" Lw?lz;iuse i t s  I:' is high 
(close to 1) can be nris ld i i ig  kci~usc thc trgressioli f i t  irpmves 
as d~ n h r  of regression tmtts is ii:crwwd or t l ~  luurber of 
tern approaches the maher oE forawrlotioris. 

Auother test for a significant regressian plane is 011 F 
test: 

where :  11 - W r  of ioimulations 
k = nu&er of ic*lcpadcnt v u r i S J e s  

regression coefficients are zem. 

Bohidar et  al. (5) have shown t l r i r t  a l l  de  selected inJe- -- 
pwlent variables WI In rctducerl to  a d l  h r  of process 
variables based on their contribution to dle variation i n  d~ 
of the product variables (tablet properties) considercxl in the 

sady. They have also drown (6)  d m t ,  by the method of principal 
ccmponmit analysis, one can dutennine tlm key tablet properties 
which are substantially contributing to the overall informtioir 
about the systepr. 'The smaller tlle ivupler of bulepeiuknt and 
dependent variables considered, tlre more efficient is the deter- 
nination of thc optinun. 

EXPERmEmAL 

lhe fornulation anployerl to i l lust ra tc  the method WIS one 
2 containing 325 q granular ASA per tablet. bticrocrystolline 

c ~ u u ~ ~ ~ ~ ~  (MX) and Pimmaceutical corn starch4 (PCS) were 
5 ndJed as f i l l e r  and disintegrant. A lubricant blend of Talc 

6 and Stearic Acid (in a 1:l ratio) was cruployed to provide 
adequate die w a l l  tuxi pundi-face lubrication. 
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DMS ET AL. 316 

Fifteen f o w l a t i o n s  of 1000' tablets each were prepared 
(see TABU 11) try dry blending of a l l  ingredients and carpressed 
on an Latnmented Cfanesty rotary tablet press equippal w i t h  
two sets of 13/32" diameter standard cmKave tooling. All 
factors other than caaprestionol force (X,), E.CC level (X,) , 
and ccabined lubricant level (X,) were kept constant. Each 
tablet also ccntained 5 mg of PCS. 

7 

3 
4 

5 
6 
7 
t3 

9 
10 

%a 
12 
13 
$4 

I 1 5  

3960 
3960 
3960 
3960 
1320 
1320 
1320 
1520 
4244 
10% 
2640 

2b40 
2640 

2640 

2640 

K C  Level 
G2). 

90 
90 
30 
30 
90 
90 
30 
30 
60 
60 
96.45 
23.55 
60 

60 
60 

lubricant 
Blend Level 

(x31J meltat 

1s 
5 

15 
5 

15 
5 

15 
S 

10 
10 
10 
10 
16 075 
3.92% 

10 
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cowpu1EB-ASSISTED OPTlXIZATION T X W I Q U E S  317 

Press Instru~oentation 

Cayression force was mitored f r w  a remote site usiiig 
pairs of metal f o i l  s t ra in  gauges8 . ( in KdleatstoiE bridge corgi- 
gumtian) bonded t o  t u d - d o w n  sections on opposite sides of 
the pressure rod. nie unbalance in the bridge circuit caused 
by elangetion of the pressure roci during tab le t  c q r e s s i o n  w a s  
m i t o r &  b i n g  a carrier aq~ifier’, hiiictt also s e n d  to acti- 
vate the bridge. Ompression events were record4 on Q storage- 
type oscilloscope . 10 

Ejection forces wem amnitoral after the lpunncr of biray -- e t  al. (7). ?he existing ejcctiai cam YUS r e p l d  by two tool- 
steel cantilever baas. bad~ bem w a s  instruwnccwl with metal 
f o i l  strain gauges8 banded to e i the r  s ide  of tlre le;rp (in b a t -  
stone bridge configuration). Bridge excitation voltage w a s  
provided by a DC pa~ar supply”. Bridge unlwlance voltage 
(caused by bending of each ha) was amplified by onc of tlle 
differential q l i f i e r s  of tlre oscilloscope. 

Both ampression and ejection events were reconled directly 
frca thrr oscilloscope i n  units of deflection ad later convertd 
into physical units. 

Methods of Measuranent a i d  Equiplpent 

Sciaemiger 1-s tester’’. 

13 revolutias in a friabilator . 
carparator. 

C ~ r e S S i o n .  

Tablet hardness was JetelPincd 011 10 tablets usiug a 

Fr iab i l i ty  w a s  IIIcasured on 10-tnblct samples a f t e r  500 

Ths thickrsss of 10 tablets was detenained w i t h  a d i a l  

The above a t t r ibu tes  were determined inrPaliately a f t e r  

The amputor programs were written to wrk with only the 
mean of each set of moasured responses. No a t t q t  is made to 
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assign confidence limits t o  predictions a tliese w i l l  depend 
nut only on the precision of measurement of each response but  
also on the goodness-of-€it of the data to the seconl-order 
polynanial equation. 

Driver Program 

This program is dcsigned to deterrnirle the f i t ted regres- 
sion plane (Iquation 1) by least squares. 
establishes a set of m d  equttiws. (In the case of the  
example, 10 such equations are established.) Ihe equations 
arc dren solved by the method of detexmirmts (8). Based on 
the predictor equation, a response is predicted for each of 
tlls IS experiments. n\e nz and F values are then calculated. 
Ihe program requires % 1S seconds to assirailate a d  f i t  data for 
ollc dependent variable. A predictor quat ion is Bcnerated for 
each dependent variable, i n  turn, ord ttven the coefficients for 
eacb predictor equetion are stored on tape for use in tRe sub- 
sequent p q r a n s .  

Grid Search Pmgrinn 

nK progrim f i r s t  

Tllis is a "bbrute force" method which searches for the 
constrained "optinrr" by dividing the specified nmgs for each 
isdcpcndcnt variable into 10 increarants and solves d i  point 
thereby created (11~ - 1331 points in  the case of thnt inde- 
penjtnt variables) for die attributw in question. 
of a predicted value to a specified range of miws for an 
attribute data- d~ethe~ the pmgrar w . i l l  consider the naxt 
attribute or pass t o  the next point (sea Fig. 2). Careful 
corrrtrnining of the attributes w i l 1  shorten tfis rumin# tipa 
for the prcyra as o n e m  an fbsm.as - shrl" predictim is made 
for a particular attribute, furthclr attributes are mt wnsi- 
&red for that point. 
a t r s i h t e  1000 t h  is % 30 seconds. 

cclnpariscm 

Ihe runnbg time to consider a single 

The program can be aaJs to print art each "successfil" 
point or si@y comt the mmber of successes u n t i l  the 
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COIIPUTEB-ASSISTED OPTMIUTION l ” 1 Q U E S  319 

CI First tirid k i i i t  
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320 DOWN ET A L O  

attributes hi~vve been sufficiently constrained so that only a 
few successes arc 0btairm.l. 
for tltc idcr t i f ica t ion  of tha successful point(s).  

A t  this p i n t  the operator may c a l l  

Plotting Program 

plotting program ac ts  is an adjunct tu the Grid Search 
m g r m  ky providing visual displays of the d e i s  in the form 
of contour charts,  etc. 
variables n u ~ t  be fixed for  display prpses. 
e q u t i a n  1 reduces to the general f0d4: 

For a graph of tuo variables, a l l  other 
In this case, 

Ax2 + LX + c - 0 (hl. 8) 

ulc! independent variable (ordinate) m y  be plotted against any 
other independent variable (abscissa) by dividing die specified 
m g e  for  the abscissa in to  very fine increments ( in  our case, 
nonmlly 200 increments) and solving for  the corresponding 
values on tire ordinate utnre the solution is: 

(a. 9 )  
- 8  - + JG 

X =  
ZA 

Id the copptted ordinate valua f a l l s  butween the defined axis 
h i t s ,  the x - y  coordinate pa i r  is stored and thm, a f t e r  a11 
pinu are considered, o dot is printed on die coordinate axes 
corresponding to  each stored point. Plots of a par t icu lar  depen- 
dent variable versus a single independent variable (with all 
o t9un  fixed) nay of course k perfonned by simple solution of 
tho predictor eqwtion for Y.  

RESULTS #P) DIS(I6SXCM 

Table 111 c q a m  the actual (man) res&aaes to the 
cclputcr-predictei values. ~lso illustratd a re  ths R’ anrt F 
values for  each a t t r ibu te .  In each case the I: value is greater 
that 6.22 whidi assures, w i t h  99t d i d a c e ,  that a l l  the 
regression coefficients a r e  not zero. 

Figures 3 to 6 i l l u s t r a t e  contour plots of several of the 

measured a t t r ibu tes .  They illustrate the ef fec t  of varying 
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1 . .  * "1 . * . .  *. 
' . ._ 

rl 
1 

4 
50 I 

r r  
i( 

I 
I 

#- I 
n 1 so0 3000 4500 

X (Col(1ressiolu.l I:orcc, llio) 1 

I:&. 3 - Contour plots for Ibrdness (Yl) in kp as 
il f w w t i m  of K C  kvel and Ccqwessiorml 
krcc, XI (Lubricant Level) = 10 @tab. 

2S+ 1 , t 
0 x1 (Cqtrosrimal 1 500 3QOO Force, 111s) 45UO 

Fig. 4 - Contour plots for Ejection Force (YZ) in 
kg as a function of WC Level and Canpres- 
sional FoTcc, % (Lubricant Level) = 10 &tab. 
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/- 
/ I 

Fig. 5 - Contour plots for Friability 0 3 )  in 8 
as a fulctial of bCC h v c l  ad Cuqrres- 
siorurl Force, X3 ( U r i c a n t  Level) - 10 utg/t;lb. 

Fig. 6 - Contour plots for Thickness 0 4 )  in  am as a 
functiari of MCC h e 1  a d  Compressional Force, 
W (Lubricant Level) - 10 mg/tab 
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324 wuls rr A b e  

coapressional force on a tablet systap. A s  the force increases 
to the pint where capping/laminating occurs, hardness and 
ejectiori force decrease ( i .e . ,  in the case of the example, the 

system requires more Mx: to maintain the s& llordness and 
ejection force) and friability and thicicncss increase. Tlie 
apparent thic)jrcss increases because of tile voids created in 
the canpact of la~lination. The Lubricant Level had l i t t l e  
effect on the measured attributes except ejection force (see 

Fig.  7 an$ 8).  

Trie following constraints here uea eiitered into the grid 
search program: 

llardness > 9 kp 
ejection force < SO kg 
friability c 0.9% 

thldUMSS 4.7s D1 

loot 

15.0 
I S  * 

11.0 

50 . .  

4 i ii 16 
X3 (Lubricant Level, ag/mb) 

Fig. 7 - Contour plot for tterJnsss (Yl) in kp as 
a function of E Level and Lubricant 
LaveP. Xl (cclapressional Force) - 3000 lbs. 
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'"I 

ti 
t 
%- 

4 8 12 16 
x, (Lubricant h e l ,  d u b )  

*5uy/H, 
2s 

4 8 12 16 
X, (Lubricant h e l ,  d u b )  

Fig. 8 - Contour plot for E jec t ion  Force (Y2) i r r  Lg as 
a functionof K C  b v e l  a~ul hbricant Level. 
Xl (Cmpnssional Force) - 3000 lbs. 

Using these constraints, the program was able to generate seven 
sets of conlitions fo r  caprcssional force, Kjc concentration, 
and lubricant level which would give rise t o  tablets with the 
specified properties. To test the validity of these predic- 
tions, one of the sets of COnditiollS, namely: 

$ - 50 rug per tablet  
5 - 10 mg per table 

was chosen a t  random oni tablets p r e p a d  over a caapressiunal 
force range fmrr 876 l b  t o  4057 lb. *nu actual Md predicted 
results are ccllpnred in Table IV and Figures 9 to  12. The 
overall correlation of rrcnral and predicted values for lnrdness, 
ejectiar force and thickness is good but is sauewlrat d e r  
fo r  f r i ab i l i t y  a t  high a m p r e s s i a u l  force. 

As  cat^ be seen, the constrained optiprww (in Loth the 
actual and predicted case) lies saneuimre Letween 22134 and 2811 
lbs. comprsssian force (tlre predicted value fran tlre grid search 
program bebw 3 - 2319 lbs). 
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Y F 

. 

IlordIrars, irctuill (kp) 

v a l u e  011 xuul va1u.s (see Table IV). 
Fig. 9 - Regrcssiolr plot of predictcsl Iurhss 

1 1  
1 4  2 2  26 30 

'Ejectim lwrcc, xtui (kg) 

Fig. 10 - Regression plot of predicted ejection 
force values 011 scrtr;ll values (see 
Table IV). 
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3 . 5 t  

DOWN ET a, 

3 .  5 *  

h 

.c W 

s 2 . 1 - t  

3 

i '  

U 

s 
i2 
.r( 
rl 1 .5 . -  

.4 
h 
y. 

o.s+ 
0:' O 

1 1 1 

h 

.c W 

1 - t  

5 . -  

s+ 

s 2.  

0:' O 

1 
1 

U 

3 s 
i2 
.r( 
d 1. : 
.4 
h 
y. 

0 .  
0 

Fig. 11 - Regression plot of prcdicted friability 
values on actual values (see Table IV) 

1 4 
1 .6  4 . 7  4.0 4 . 9  5.0 

l%icLnSss, actual (a) 

Fig. 12 - Regression plot of predicted thickness 
values on actual values (see Table IV). 
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mEWY MI) C l Y J C L I t S l ~  

A f ac i l e  mdrd Ius ken d e v e l q d  for product uid process 
uptuuiration usilk a desk-top cquror. 
dvuntages of rapid access wrl versa t i l i ty .  

'he wtlw oiiers tlu 

An exaayle has been illustrztul of a three-factor tab le t  
foiaulation/process g t i m i z a t i a r r .  'Illc? t d u i i q u e ,  of course, lius 
w i d e  applicabili ty in  the dcvclqraerct k h r n t o r y  ad tros ills0 LKwn 
used in tlu optimization of 1iPI.C essay pTOCB(Ures, etc. 

Ihe confidence l i m i t s  of the prdicrions a d  other s t a t i s t i -  
cal aspects of the optimization muthul described w i l l  Iw: exp lo rd  
in  the next part of this treatise. lfre wt ld  will also be 
expded to  consider wn-sewclr type wetllods involving teclmiqucs 
such as canonical nductian,  principal caqmimrt analysis and 
selective regression analysis. 'nrese w i l l  provide us w i t h  s a w  
Jegree of precision of prdictiorls.  
i n  impleraenting tlrase teduijyues. 

Further work w i l l  be required 

I\CWflrn>WI's - 
The authors uidr to tho&& 1)r. N. K. Wriclur for Iris statis- 

t i c a l  idvice arvl for reviL*ii& UY witlrscript. 

7Manesty B3R, Manesty Machines Ltd., Liverpool, England 
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8~~ tS-i i- j5-s6-t:  lialf-tvitige T-rosettes, type s - 4 ,  6111 

'5a1b.m Me1 31lA. IlewLett Pockanl Co., Falo Alto, Calif. 
l%el 5115 with S&lW time base aiui two 5\26 dual differential 

' b e 1  Z l - ; f l t O ,  Calex ML'. Co., IJX. ,  Pleasant Hill, Calif. 
'&tor ~orp., kbrion, Iowa 

%clle 

lilectrunics, l;altim, tkiss. 

anpiifiers I lcktronix, Inc., Reaverton, Oregon 

e . g .  I for a plct of XI (abscissa) v& X2 (ordinate), huntion i L4 

reduces t o  a form rilwre: .. 

&R- 

I. D. E.  FoN.ler,,Jr., J. R .  Cuck, and I;. S.  Banker, J. Pharm. 

2. . I .  B. Sdwartz, J. F. Flawholz, and H .  11. Prcss, J .  Plram. 
k i . ,  - 59,  1587 (1970) .  

%is,  - 62, 1165 (19739 
3. *, 1518 (1973). 

4 .  0. E. h v i e s ,  ed., '?lie Design a d  Amlysis of Industrial 
L~pe~inei i t~" ,  Z i v l  ditiai, Loiigmi~n. hiidon, 1979, p .  495. 

5, ;J. R.  Uoliidar, F .  A. Restairlo, illd J. U. Schwartr, Drug 
Develop. Id. Miam., 5, 175 (1979). 

b. - ibid, J. Amm. Sci., b4-, 966 (1975).  
7. J, C. Vincent and 1'. U. Way, U.S. Patent 3,388,424. 
8. "Simltancous Equations (Maxima Accuracy)" in " lP982SA 

Cerleral [J t i l i ty  Routines", Ilewlett-Packard, Palo Alto, 
C a l i f . ,  p. 63. D
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