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Abstract A technique was developed whereby a formulation with 
optimum properties, according to predetermined criteria, can be 
selected aia computer analysis. The results of a statistically designed 
set of experiments based on five independent variables were used as 
the data input to the computer. Regression analysis of these data 
resulted in a set of second-order polynomial predictor equations. 
Restrictions placed by the pharmacist on the characteristics of 
interest serve to eliminate undesirable formulations. Ultimately, the 
formulator can trade off properties to obtain an optimum formula- 
tion. Computer-generated graphs further aid the formulator in the 
understanding of the particular system. An example is presented of 
the selection of an optimum formulation by this procedure and of 
its preparation in the laboratory. Predictions and experimental 
results show excellent agreement. 

Keyphrases Computer optimization of pharmaceutical formula- 
tions-general procedure, examples 0 Formulation of pharma- 
ceutical preparations-computer optimization, general procedure 
and examples 0 Pharmaceutical technology-general procedure 
for computer optimization of pharmaceutical formulations 

The development of a pharmaceutical formulation 
and the associated process involves a number of vari- 
ables. Mathematically, they can be divided into two 
groups: (a) the independent or formulation and pro- 
cess variables that are controllable factors, and (b) 
the dependent variables that are the responses or char- 
acteristics of the resultant drug delivery system. Much 
of the work in pharmaceutics has been in the pursuit of 
relationships between the two. 

Table I-Experimental Design for Five Factors 

Factor Level in Experimental Units 
Trial XI xz Xa X, XS 

1 - 1  -1  -1  - 1  1 
2 1  -1  -1  - 1  - 1  
3 - 1  1 - 1  - 1  - 1  
4 1  1 -1  - 1  1 
5 - 1  - 1  1 - 1  - 1  
6 1  - 1  1 - 1  1 
7 - 1  1 1 - 1  1 
8 1  1 1 - 1  - 1  
9 -1 - 1  - 1  1 - 1  

10 1 - 1  - 1  1 1 
11 - 1  1 - 1  1 1 
12 1 1 -1  1 - 1  
13 - 1  - 1  1 1 1 
14 1 - 1  1 1 - 1  
15 - 1  1 1 
16 1 1 1 
17 -1.547 0 0 
18 1.547 0 0 
19 0 -1.547 0 
2 0 0  1.547 0 
21 0 0 -1.547 
22 0 0 1.547 
23 0 0 0 - 
24 0 0 0 
25 0 0 0 
26 0 0 0 
27 0 0 0 

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

- 1 -547 0 . .  . 

1.547 0 
0 -1.547 
0 1 ,547 
0 0 

. .  . 

1.547 0 
0 -1.547 
0 1 ,547 
0 0 

Pharmaceutical research and development projects 
are often optimization problems. One experiments by a 
series of logical steps, carefully controlling the variables 
one at a time, until a satisfactory formulation results. 

It may be necessary to trade off properties during such 
experimentation, to sacrifice one characteristic to im- 
prove another; e.g. to accept a softer tablet in order to 
improve the dissolution profile. Thus, the primary ob- 
jective may not be to optimize absolutely but to com- 
promise effectively and thereby to produce the best 
formulation under a given set of restrictions. 

The techniques of optimization are well documented 
in the literature (1-7). Fonner et a/. (8) demonstrated 
the applicability of mathematical optimization tech- 
niques to pharmaceutical systems. Their application of 
the Lagrangian method, while able to handle several 
responses or dependent variables, was generally limited 
to two independent variables. Experiences in thew 
laboratories showed that a greater number of these 
variables are of general interest, but as the number of 
formulation factors is increased, the situation becomes 
more involved mathematically and graphically impos- 
sible. Although various multivariate techniques are 
available, computers are almost a necessity for their 
application. 

The work reported here was undertaken to determine 
the feasibility of optimizing a pharmaceutical formula- 
tion with the aid of computers in a manner which could 
be used with relative ease by the development phar- 
macist. The procedure that resulted appears capable of 
being carried out by persons unfamiliar with the mathe- 
matics of optimization and with no previous computer 
experience. 

This paper covers the general procedure followed to 
optimize formulations. Subsequent reports will discuss 
several other aspects of the optimization technique, its 
application to a practical situation, and the interpreta- 
tion of the large quantity of data generated by this 
particular method. 

THEORY 

The type of project of concern here is one of selecting the most 
desirable level of ingredients or controllable process factors. That is. 
it is desired to quanritare a formulation that has been qudiratiwly 
determined. 

The technique involves performing a set of statistically designed 
experiments as described by Box and Wilson (1, 2) and using the 
resulting data to derive a mathematical model which can be used 
for the optimization of a formulation. The experimental design is 
dependent on the number of variables involved in the study; for 
five independent or formulation variables, the modified half- 
factorial design shown in Table I requires a total of 27 experiments. 

The first 16 experiments represent a half-factorial design for five 
factors at two levels resulting in X 20 = 16 trials. The two levels 
here are represented as +1 and - 1. For the remainder of the study, 
three additional levels were selected: zero represented the base 
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Table 11-Translation of Experimental Conditions 
into Physical Units. 

Table III-Values for Index of Determination from 
Regression Analysis 

-1.547 -1 Base +1 +1.547 
Factor eub eu 0 eu eu 

XI = calcium 24.5155.5 30150 40140 50130 55.5124.5 
hosphate- P actose ratio 

(1 eu = 10 
me.) 

sion pressure 
(1 eu = 0.5 
ton) 

disintegrant 
I1 eu = 1 

Xr .= compres- 0 .25  0.5 1 1 . 5  1.75 

Xr = Starch 2 . 5  3 4 5  5 .5  

h3.) 
Xc = granulat- 0.2 0.5 1 1 . 5  1.8 

ing gelatin 
( l e u  = 0.5  
mg.) 

sium stearate 
(1 eu = 0.5 
mg.) 

Xa = magne- 0 . 2  0 .5 1 1 . 5  1 . 8  

0 Physical quantities are rounded off only for convenience. 'eu = 
experimental units. 

level midway between the above-mentioned levels and the positive 
and negative 1.547 values represented the extreme values. The 
reader is referred to the literature for a discussion of the statistical 
design (1, 2, 5). 

The proper name for this design is "a five-factor, orthogonal, 
central, composite, second-order design,'' and the type of predictor 
equation resulting from such a study is a second-order polynomial 
(with 21 terms) having the following form: 

Yc = 00 + aiX1 . . . + a& + ~ I I X I '  . . . + USSXS* 

where : 

+ aaX1Xr . . . + a4sX,Xs (Eq. 1) 

Yi = level of a given response (dependent variable) 
a = regression coefficients for second-order polynomial 

X ,  = level of independent variable 

Such an equation is generated for each dependent variable re- 
lating it to the set of five independent variables. 

EXPERIMENTAL 

The formulation selected as a model system for the optimization 
program was a production formula already in existence. Briefly, the 
process involves a starch-paste-gelatin granulation of the drug with 
diluents. After drying and milling, the disintegrant, the glidant, and 
the lubricant are added. 

The five independent formulation variables selected for this 
particular study were: Xl, diluent ratio; X2, compressional force; 
Xa. disintegrant level; X4, binder level; and X,, lubricant level. 
With the exception of these five variables, everything else in the 
formulation and the processing steps remained constant throughout 
the study including: (a) the level of active ingredient; ( b )  the quan- 
tity of starch as paste; (c )  the glidant level; (d) granulating, milling, 
drying, and blending conditions; and (e) the speed of the compress- 
ing machine. The translation of the statistical design (Table I) into 
physical units for the five variables is shown in Table 11'. 

Each experiment consisted of a 30,000-tablet batch through the 
granulating, milling, dry mixing, and lubricating steps. From each 
batch, 3OOO tablets were compressed on a rotary pressa equipped 

1 There are several places in the optimization procedure where the 
developmental pharmacist is indispensible. This is one of them, since only 
by formulation experience can one select reasonable ranges for those 
variables determined to be most important. 

* Stokes model 580, F. J. Stokes Division of Pennwalt Corp.. War- 
minster, Pa. 

Response R1, z 
Yi Disintegration time 98.08 
Y2 Hardness 98.90 
Y1 Dissolution 97.90 
Y, Friability 75.38 
YS Weight 87.56 
Ye Thickness 98.15 
Y7 Porosity 99.45 
Ya Mean pore diameter 61.22 

with 35 sets of 0.6-cm. (0.25-in.) round, flat beveled-edge tooling run 
without precompression. 

The responses measured on the resulting tablets were: Yl, dis- 
integration; YY, tablet hardness; Ya, dissolution; Y,, friability; 
Ys, weight uniformity; Ys, thickness uniformity; Y7, tablet porosity 
(pore volume); and Ys, mean pore diameter. Most of these re- 
sponse variables are properties of general interest to tablet fotmula- 
tors, but the list could be varied to fit the particular formulation. 

Disintegration time was determined using the procedure and 
apparatus outlined in USP XVIII (9). Tablet hardness was deter- 
mined using an electric hardness testera. 

Dissolution measurements were made in 0.1 N HC1 following the 
USP basket technique with a basket rotation at 100 r.p.m. The 
dissolution profile was followed by means of a servo-recorder', a 
spectrophotometers, and a flow cell. 

Tablet friability was measured on a Wtablet sample in a friabila- 
tor6 using a 4-min. cycle (10). 

Weight and thickness uniformity were calculated as the relative 
standard deviation of the given measurement. For tablet weight, 10 
tablets were individually weighed on an analytical balance' and 20 
tablet thicknesses were determined with a dial comparator8. 

Pore volume was determined@, and a sample size of 10 tablets was 
necessary to obtain adequate readings of the mercury volume. 
Mean pore diameter was calculated from the porosimeter data. 

RESULTS AND DISCUSSION 

The responses from the 27 experiments were measured and tab- 
ulated. The large volume of data is unwieldy to report here and, for 
the most part, is irrelevant to the present discussion. 

Statistical analysis was carried out which included the calcula- 
tion of mean values for each o f  the eight responses in each of 27 
experiments. Without repeated emphasis, it should be noted that 
values used for optimization must be statistically significant. The 
formulator must be confident that the results used as input are 
truly representative of the particular system. 

The sets of data resulting from the statistical analysis were then 
subjected to Computerized'O regression analysis to determine the 
fit to a second-order model (Eq. 1). In most cases, the R-square 
value or the index of determination was satisfactory, as shown in 
Table 111. 

The ability of the system to predict accurately is only as good as  
the regression fit of the predictor equation used. The values for 
friability, weight, and mean pore diameter are less than desirable, 
and it may be that many pharmaceutical responses of interest do 
not follow a second-order model. 

One advantage, however, of the digital type of system used is 
that it can be modified to accept other mathematical models, 
whether they be higher order polynomials, any other empirical 
relationships, or mathematical models based on first principles. 
For the present work, it was decided to restrict the model to the 

* Ahiba Gubelin International Corp.. Mount Kisco. NY 10549 

6 Gilford model 240, Gilford Instrument Laboratories. Inc.. Oberlin. 

8 Roche. 
7 Mettler model H20T. 

Heath'model EUW-2OA. 

Ohio. 

a B. C. Ames Co., Waltham. Mass. 
9 Aminco Mercurv Intrusion Porosimeter. American Instrument co.. ~~ ~ <~ ~~ ....... ~ ~.~~ 

Bethesda, Md. 

for use on a C D C  1700 (Control Data Corp.. Minneapolis. Mino.). 
10 The entire optimization system (series of programs) was written 
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1 22.50 

17.50 . . . , , . - 
-1.60 -1.14 -0.69 -0.23 0.23 0.69 1.14 1.60 

CALCIUM PHOSPH ATE-LACTOSE 

Figure 1-Plot of disintegration time (minutes) as a funcrion of 
diluent ratio generated from cornpurer tapes and drawn by plotter. 
The abscissa represents the experimental range in terms of experi- 
mental units (see text). 

second-order polynomials, realizing that predictions for several 
variables might be inaccurate. 

The remainder of the technique involves the analysis of the set of 
polynomial equations obtained via regression. 

Optimization-In addition to the computerized statistical anal- 
ysis and regression analysis already mentioned, programs were 
needed for the actual optimization. Two major steps were used: ( a )  
the feasibility search, and (b )  the grid search. 

The feasibility program is used to locate a set of response con- 
straints that is at the limit of possibilities. That is, given this par- 
ticular set of restrictions, there is a solution (formulation), but if the 
constraints are tightened, there is no solution. The mechanics are 
to select several values for the responses of interest and slowly 
relax them until a possible solution is found. For example, the 
constraints in Table 1V were fed into the computer and were re- 
laxed one at a time until a solution was found. The first choice 
would have been a formulation with a disintegration time of <1 
min., tablet hardness >12 kg., and dissolution > 100% in 50 min.]’. 
This set of constraints was expected to be unreasonable and, in- 
deed, no solution was found until the values had been systematically 
relaxed to a disintegration time of 5 min., tablet hardness of 10 kg., 
and dissolution of 100% at 50 min. Any further relaxation of the 
constraints would, of course, also yield solutions. 

The feasibility program is designed so that it stops after the first 
possibility; the formulation given may be one of many that could 
satisfy the constraints. 

The second program, the grid search, is essentially a brute force 
method in which the experimental range is divided into a grid of 
arbitrary size and methodically searched. Based on an input of the 
most reasonable constraints (most likely resulting from the feasi- 
bility program), the grid search program prints out all points 
(formulations) in the grid that meet the criteria. 

7.50 1 . . , . . 

- 1 . 6 0 - 1 . 1 4 - 0 . 6 9 - 0 . 2 3  0.23 0.69 1.14 1.60 
MAGNESIUM STEARATE 

Fuure 2-Plot of disintegration time as a function o/lubricant level 
drawn from computer tapes. 

’ 1  Values reater than 100%. a s  well as negative values, appear 
throughout t i is  work. Because the second-order polynomials describe 
curves that may be arabolic, hyperbolic, elli soid, erc.. extrapolation 
may take one out o t t h e  realm of physical reahy. 

10.00 

9.00 

8.00 

06 
x 
m- 7.00 
v) w z 
(L 6.00 

I 

n 
a 

5.00 

4.00 

X1=X2=X3=X4=X5=0.0  
0- C A L C l U t l  PHOSPHATE T O  LACTOSE R A T I O  

A -  COtlPRESSION PRESSURE 

+ - CORN STARCH DISINTEGRl3NT 

X -  GRANULATING GELATIN 
0 -  t lRGNESlUtl  STERRRTE 

3.00 4 
-1.55 -1.12 -0.69 -0.27 0.16 0.59 1.01 1.44 

X ( I )  

Figure 3-Composite plot for tublet hordtiess as a function of each 
independent variable, X, (i = I, 2,. . . , 5). 

The rationale for the feasibility program becomes apparent, for 
if one had arbitrarily selected suitable properties or constraints and 
made a grid search, the printout might contain hundreds of combina- 
tions that fit-or none. But, with the results of the feasibility study, 
it is known within reason the point at which tighterconstraints yield 
no solutions. By running the grid search in this neighborhood, the 
printout will have only a few solutions from which the most suitable 
one can be selected. 

For example, a grid search utilizing the above conbtraints (dis- 
integration time 5 5 min., tablet hardness 1 10 kg., and dissolution 
2 100% in 50 min.) produced eight solutions (formulations) that 
satisfied the requirements. A second grid search where the con- 
straint on tablet hardness was relaxed to 8 kg. yielded 650 solutions. 
Of course, it is easier to choose one of eight solutions than one of 
650 solutions. 

In addition to providing a printout of each formulation, the grid 
search program also gives the corresponding values for the re- 
sponses. This is the point where one can trade off one response for 

70.00 . 

X 1 ~ X 2 = X 3 r X 4 = X S = 0 . 0  
6 -  CRLClUt l  PHOSPHATE T O  LACTOSE RATIO 
A -  COtlPRESSlON PRESSURE 

+ - CORN STARCH DISINTEGRRNT 
X -  GRANULATING GELATIN 

10.00 z .  

0.00 + - 
-1.55 -1.12 -0.69 -0.27 0.16 0.59 1.01 1.44 

Figure 4-Composite plot for dissolution response as a function of 
each independent variable, Xi (i = I, 2,. . . , 5 ) .  
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-2.00 
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-4.00 

-5.00 

-1.55 -1.11 -0.66 -0.22 0.22 0.66 1.10 1.55 
PRESSURE 

(a) 

30 H l N .  OISSOLUTION e Xl=1.547. X4=XS=-l.S47 

-1.55 -1.11 -0.66 -0.22 0.22 0.66 1.10 1.55 
PRESSURE 

( C )  

5.00 * 

4.00 * 

3.00 . 

2.00 * 

- 
1.00 . 

-2.00 1 

-1.55 -1.11 -0.66 -0.22 0.22 0.66 1.10 1.55 
PRESSURE 

( b )  

2.00 3-00 1 
I 

1.00 
I 
0 a 
2 0.00 cn 

-1.00 

-2.00 

-3.00 , . , . . . , 

-1.55 -1.11 -0.66 -0.22 0.22 0.66 1.10 1.55 
PRESSURE 

(d) 

Figure 5-Contour plots for: (a) disintegration time, (b) tablet hardness, (c) dissolution response (percenr), and (d) tablet friability as a fu tr -  
tion of disintegrant lecel and compressional force. Dotted lines on ordinate denote limits of experimental range (-1.547 to i-1.547 eu, see 
text). 

another or compromise as needed. Thus, the best or most acceptable 
formulation is selected from the grid search printout to complete 

be represented by Eq. 2: 

the optimization. yi = . f ( ~ l ~ ~ 2 ~ ~ 8 ~ ~ 4 ~ ~ b )  (Eq. 2) 
Graphical Approach-Although the computer programs dis- 

cussed allow one to select the optimum formulation, certain re- 
finements were desirable. Two graphical techniques have proven 
useful in the ootimization orocedure. 

with the full relationship given by Eq. 1. Thus, the relationship 
between the response and any one variable, e.g., XI, may be viewed 
as a partial derivative" of Yi with respect to XI while holding all 

The first graphical prochdure (Fig. 1) is a plot of a given response 
variable as a function of one of the independent variables. The 
responses are functions of the five independent variables and can 

11 F~~ convenience, this type of graph is a "partial derivative" 
graph, although it is the slope that is actually the partial derivative. 
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0.02 I 0 

-1.60 -1.14 -0.69 -0.23 0.23 0.69 1.14 1.60 
PRESSURE 

(e) 

other X’s constant. However, because Eq. 1 is a second-order 
equation with all possible cross-terms, the value of the partial 
derivatives is still a function of all the independent variables: 

For example, the full partial derivative with respect to X, is 
illustrated in Eq. 4: 

a d 3  + a l J 4  + a16X:, 0%. 4) 
Thus, the values at which Xz, X3,  X,, and X5 are held constant are 
also important since a change in value will change the graph sig- 
nificantly. 

Figure 1 is a plot of disintegration time, Yl ,  as a function of the 
diluent ratio, XI. In this case, X2, X, ,  X , ,  and Xs are all being held 
constant at zero or the base level. Note that the X axis is represented 
in statistical units rather than in physical units; i.e., the experi- 
mental range extends from -1.547 to +1.547 experimental units 
(Table 11). The ordinate is represented in the physical units cor- 
responding to the dependent variable plotted. This graph, as well 
as the others in this series, was drawn from computer tapesI3, so 
that even the graphical analysis is computerized. The same type of 
plot can be made for each of the other independent variables, and 

1 )  By a CalComp plotter, California Computer Corp. 
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ln 
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4.50 , . , , , , . 
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2.00 , X l = X 3 = 1  . 5 5 . X 4 = X 5 = - 1  - 5 5  

I D  
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O.*O 1 

t 
I.,. 

0 0 

0.00 
-1.60 -1.14 -0.69 -0.23 0.23 0.69 1.14 1.60 

PRESSURE 
( d )  

Figure 6-Plots for several responses as a function of compressional 
force. The solid lines represent the computer predictions for: (a) 
disintegration rime, (b) tablet hardness (kilograms), (c) dissolution 
response (percent), (d) friability, and (e) tablet pore volume; the 
circles represent experimental points. 

Fig. 2 shows disintegration time as a function of X5, the lubricant 
level. 

In fact, one can generate five of these “partial derivative” plots 
for each of the responses or tablet properties. It is obvious that the 
paperwork could become overwhelming, so a “composite partial 
derivative” plot was generated (Figs. 3 and 4). This device enables 
one to get an overall view of any single response such as tablet 
hardness. Five of the previous single graphs were superimposed by 
the computer. Each of the five curves represents one of the indepen- 
dent variables, and the X axis represents the experimental field. 
Keeping the abscissa in terms of experimental units allows this 
superpositioning. The values at the top of the graph represent the 

Table IV-Specifications for Feasibility Search 

Experimental 
Variable Constraint Range“ 

~ 

Disintegration time, 
min. 

1.33-30.87 <1 (I)* 
3 (2) 
5 (3) 

Hardness, kg. >12 (1) 3.82-11 6 
10 (2’) 
8 (3) 

90 (2) 
80 (3) 

Dissolution, >loo (1) 13.3-89.1 
7; at 50 min. 

a It is possible to request values for a response that are more desirable 
that1 any data obtained in the set of 27 experiments. b (1) = first choice. 
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Table V-Optimum Formulation 

Level 
Variable (in Experimental Units) 

Diluent ratio 
Compressional force 
Disintegrant level 
Binder level 
Lubricant level 

+ I .  547 
$1.547 
+1.547 
-1.547 
-1.547 

Table VI-Experimental and Predicted Levels of Responses for 
Optimum Formulation 

Response Experimental Predicted 

Disintegration time, min. 3 .31  3.03 
Hardness, kg. 10.08 10.38 
Dissolution, % in 30 min. 89.85 98.02 

Thickness, mm. 2.31 2.37 
Porosity (pore volume), 0.0269 0.0318 

Mean pore diameter, p 1.1042 0.5589 
Dissolution, in 50 min. 95.48 117.85“ 
Mean granule diameter, mm. 0.170 0.292 
Weight uniformity. RSD % 0.74 0.54 

Friability, % 0.18 -0.38“ 

ml./g. 

Thickness uniformity, RSD 1.14 2.00 

0 See Footnote 11. 

level at which any variable is being held constant during the partial 
derivative operation. In this case, all are at zero or the base level. 

One could generate an infinite number of these plots because the 
constant values noted at the top of the graphs can cover the entire 
experimental range for each variable; therefore, some thought must 
be given to the selection of theconstant levels. 

The second type of plot useful in optimizations is the contour 
plot (Fig. 5) ,  again drawn by computer. Essentially, this allows the 
representation of a three-dimensional situation in two dimensions 
and is of special utility when the formulator knows, a prior;, that 
two of the variables are of most import. 

For the contour plots in Figs. 5a-5d. the specific response is 
noted on the graph, as are the fixed values of the three extra variables. 
Both axes are represented in experimental units this time. 

Optimum Formula-Based on the printout of the grid search 
discussed in a previous section, one of the eight formulations was 
selected as most suitable. It was the formulation with every variable 
at its experimental extreme (Table V). Diluent ratio, pressure, and 
disintegrant were to be at high values; binder and lubricant were to 
be low. 

One might have been able to guess these directions, but it would 
likely have taken many experiments to locate the exact combina- 
tion of values. The particular formulation selected as the “optimum” 
is unlike any one of the 27 prepared as part of the experimental 
plan. 

The formulation was prepared and tested in the same manner as 
the previous ones. Table VI shows the experimental results and the 
predicted values for the various responses. Between the initiation of 
this project and this experiment, several additional responses were 
added. 

The agreement between experimental and predicted values is 
extremely good, especially for the responses of primary interest: 
disintegration, hardness, and dissolution. 

Experimental versus Prediction-The optimum formulation was 
compressed at various pressures, i.e., as a function of X2. Some 
results are illustrated in Figs. 6a-6e, where the solid line is the com- 
puter prediction drawn by the plotter. In general, the agreement is 
excellent. As noted previously, the values for friability are not 
quantitative although qualitatively the same convex parabolic 
shape is present. 

SUMMARY AND CONCLUSIONS 

The optimization technique presented here has enabled the 
formulator to select a formulation exhibiting optimum properties. 

In addition, the large quantity of data generated by the required 
experimentation and the infinite possibilities of subsequent com- 
puterized experimentation and graphical analysis permit the in- 
vestigator to gain an insight into his or her process. 

No previous computer experience and no familiarity with com- 
puter languages are required. 

The steps necessary for the developmental pharmacist to carry 
out the optimization program may be summarized as follows: 

1 .  Select a system. 
2. Select variables: 

a. Independent. 
b. Dependent. 

3. Performexperiments and test product. 
4. Submit data for statistical and regression analysis. 
5 .  Set specifications for feasibility program. 
6. Select constraints for grid search. 
7. Evaluate grid search printout. 
8. Request and evaluate: 

a. “Partial derivative” plots, single or composite. 
b. Contour plots. 

The last step, which concerns the graphical techniques, may be 
requested at any time after the regression analysis has been per- 
formed and will probably be appropriate at several different stages 
of a project. 

The choice of variables is in the hands of the formulator and there 
are no restrictions as long as the property can be quantitated. 
The ultimate goal, of course, would be to relate the formulation 
variables to responses of proven biological significance, e.g., bio- 
availability, blood levels, or even therapeutic response. 

It is recognized that the stability of a formulation is an important 
parameter. It is possible, in this method, to include the effects of 
time and storage conditions by using a stability-indicating property 
as a response variable. 

The technique presented here is not meant to, and cannot, re- 
place the developmental pharmacist. It is simply another tool which 
can aid in his or her search to further define the pharmaceutical 
system, and because it can be defined, it  can be better controlled. 
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