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Abstract [] The computer optimization technique presented in a
previous paper was applied to a practical situation. The data gen-
erated by the set of statistically designed experiments and the
subsequent computer analysis were used to indicate the directions
necessary to improve various characteristics of a production tablet.
Data from experimental size and production size batches are com-
pared with computer predictions.

Keyphrases [ ] Compulter optimization of pharmaceutical formula-
tions—application in troubleshooting production tablet charac-
teristics [] Formulation of pharmaceutical preparations- computer
optimization, troubleshooting production tablet characteristics [
Pharmaceutical technology—application of computer optimiza-
tion to troubleshooting characteristics of a production tablet

The previous paper in this series (1) described the
general procedure used for computer optimization de-
veloped in these laboratories. The ability of the pro-
gram to aid in the selection of a formulation with
optimum properties was demonstrated.

The optimization technique can be useful in the de-
velopment of a product by virtue of its capacity to
generate a large amount of information and thus help
the investigator understand his or her system. The present
article reports on the practical application of such a
program to another problem area in the pharmaceutical
industry—troubleshooting.

The model system originally selected for the optimi-
zation study was a product formula. During the de-
velopment of the optimization technique, it was learned
that this product was experiencing some rejections in
the production area for failure to meet a dissolution
specification. Therefore, dissolution became the response

Table I—Directions for Improvement from First Grid Search

Independent Variable Qualitative Level

X\ Diluent ratio High
X Compressional force High«
X Disintegrant fevel High
X, Binder level Low
X; Lubricant level Low

¢ Maximum pressure set by punch specification.

Table II—Comparison of Tablet Responses

Tablets from
Experimental

Tablets from Lot (Formula at

Response Production NDA Limits)

Disintegration time, 13.96 8.58

min.
Hardness, kg. 3.80 5.40
Dissolution, 35.18 67.16

75 at 30 min.
Dissolution. 60.00 82.02

76 at 50 min.
Friability, 7 0.14 2.065
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Table 11I—Responses for Production Granulation Lubricated on
Laboratory Scale (Only Levels of Disintegrant and Lubricant
Vary)

Production NDA Limits
Levels for for
Response X;and X, X; and X;
Disintegration time, min. 16.04 10.12
Hardness, kg. 8.15 7.45
Dissolution, %7 dissolved 23.04 67.70
at 30 min.
Dissolution, 9 dissolved 37.13 84.33
at 50 min.
Friabitity, %] 0.29 2.44

of primary interest, but the objective was to increase
the dissolution response without sacrificing other tablet
properties.

For practical purposes, in this case a product that was
already in production, the experimental range used to
collect data for the optimization study was too large.
That is, many possible solutions were located where the
level of a given ingredient was outside the limits speci-
fied in the New Drug Application (NDA) for the
product (2). Nevertheless, the results of the optimization
procedure were useful because they pointed in the direc-
tion of an improved formulation.

EXPERIMENTAL

The data utilized here are the same data discussed previously (1).
The results of the 27 optimization experiments were analyzed ac-
cording to the procedures outlined, and the predictions in this paper
are based on the second-order regression equations generated!. Any
additional measurements were carried out by the methods previously
reported (1).

RESULTS AND DISCUSSION

The ““grid search” program discussed previously (1) resulted in
cight choices for an optimum formulation. Although they all con-
tained ingredient levels unacceptable to the present very constrained
problem, a trend was noted (Table I).

To test these predictions, it was decided to prepare a formulation
with each variable set at its NDA limit in the direction specified by
Table 1. The method of preparation was identical to that for the 27
optimization experiments, i.e., different from the production
method. The initial interest was primarily in trends or qualitative
results so that differences in batch size, equipment, lot numbers of
material, and test methods were not of immediate concern.

The responses of primary interest for this formula as well as for a
sample from production are shown in Table 1I. The dissolution re-
sponse had indeed been improved by the changes.

For obvious reasons, as few changes as possible should be made in
a production formula. The disintegrant lcvel and the lubricant level,
since they are added in the dry state at the end of the process, would
be changed most easily.

! The predicting ability of individual equations is discussed in Ref-
erence I.



Table IV—Computer-Predicted and Experimental Values for Tablet Responses

Production Formula
—Prepared on Laboratory Scale—

Recommended Change
—Prepared on Laboratory Scale—

Response Predicted Experimental Predicted Experimental
Disintegration time, min. 11.45 15.79 7.08 12.50
Hardness, kg. 5.97 5.00 7.30 5.48
Dissolution, % in 30 min. 37.80 26.34 66.26 64.99
Friability, & 0.91 0.46 1.06 1.07
Thickness, mm. 2.4 2.37 2.43 2.36
Porosity, ml./g. 0.0427 0.0418 0.0443 0.0440
Mean pore diameter, u 0.7135 0.9926 0.6502 0.8488
Dissolution, % in 50 min. 57.18 47.51 82.96 82.57
Mean granule diameter, mm. 0.338 0.327 0.329 0.327
Weight uniformity, RSD, 7 1.08 0.61 1.40 1.52
Thickness uniformity, RSD, %7 0.78 0.42 0.79 0.59

Table V——Computer-Predicted and Experimental Values for Responses for Tablets Prepared in Production

~—~—Production Formula—— —_— ~Recommended Change —_——
) Prepared in ~—Prepared in Production—
Response Predicted Production Predicted Batch 1 Batch 2
Disintegration time, min. 11.45 13.96 7.08 5.79 529
Hardness, kg. 5.97 3.80 7.30 6.60 6.42
Dissolution, 77 in 30 min. 37.80 35.18 66.26 72.30 72.68
Friability, 7 0.91 0.14 1.06 0 0.076
Thickness, mm. 2.4 2.40 2.43 2.43 2.42
Porosity, ml./g. 0.0427 0.0878 0.0443 0.0827 0.0877
Mean pore diameter, u 0.7135 0.9508 0.6502 0.7336 1.3518
Dissolution, 27 in 50 min. 57.18 60.00 82.96 89.18 87.48
Mean particle diameter®, mm. 0.338 — 0.329 — —
Weight uniformity, RSD, % 1.08 2.67 1.40 0.96 1.22
Thickness uniformity, RSD, 7 0.78 1.18 0.79 0.71 0.58

a Samples not available for measurement.

Unlubricated granulation was obtained from the production area
and lubricated with the dry “‘adds”™ at two levels: (a) at the produc-
tion level and () with the disintegrant and lubricant levels changed
to NDA limits. The responses for the two sets of tablets are shown
in Table I11. Since the production material responded in the same
manner as the experimental material (i.e., dissolution improved
with the changes in lubricant and disintegrant), such changes were
recommended, although of a lesser magnitude.

As a test, two formulations were prepared in the laboratory. One
was prepared with the production formula and one with the recom-
mended changes; the changes involved an increase in disintegrant
of 0.4 mg./tablet and a decrease in lubricant level of 0.35 mg./tablet.

By using the appropriate coding in statistical units, the computer
was asked to perform the same experiments. The results are shown
in Table IV. It is important to note that the predicted change is
qualitatively correct for each response listed. That is, the predicted
change and the experimental change are always in the same direc-
tion. This in itself makes the optimization program useful. It can
point in the direction of an improved formulation.

In addition, many computer predictions in the table are quantita-
tively matched by experimental results. This, of course, is the ulti-
mate goal of the optimization technique and an ideal situation.

As a final test, since the recommended formula performed satisfac-
torily in the laboratory, a production sample was necessary. Table
V represents predicted and experimental values for the responses
for tablets prepared totally in production. These data were obtained
using the testing procedures previously mentioned (1). For the
improved formulation, the dissolution value obtained by the quality
control procedure (increased rotation) is approximately 100%. The
results were further substantiated by many subsequent production
batches.

CONCLUSIONS

The optimization technique is useful in troubleshooting as well as
in the development of a new formulation. Because the statistical

design and the computerized calculations result in an understanding
of variable interactions, more than one variable can be changed ata
time with predictable results. Very small changes in ingredient levels
result in significantly improved tablet properties, which are ade-
quately reflected in the computer predictions.

It is unlikely that one would carry out an optimization study if
faced with the specific problem presented here. An improved formu-
lation would eventually have been found by trial and error; but, if
the optimization information is available, its use allows the investi-
gator to reduce the time necessary to accomplish this objective.

The point to be emphasized is that once the optimization data
have been generated (usually during development), it can be of
great utility in a troubleshooting situation.

REFERENCES

(1) J. B. Schwartz, J. R. Flamholz, and R. H. Press, J. Pharm.
Sci., 62, 1165(1973).
(2) FDA Papers, June 1971, pp. 4-14.

ACKNOWLEDGMENTS AND ADDRESSES

Received January 24, 1973, from *Pharmaceutical Research and
Development, Merck Sharp & Dohme Research Laboratories, West
Point, PA 19486, and tManagement Information Systems, Merck &
Co., Rahway, NJ 07065

Accepted for publication April 10, 1973.

Presented to the Industrial Pharmaceutical Technology Section,
APHA Academy of Pharmaceutical Sciences, Houston meeting,
April 1972,

The authors acknowledge the statistical assistance of N. R.
Bohidar and the guidance and encouragement of F. A. Restaino,
J. E. Allegretti, and L. Silver.

A To whom inquiries should be directed.

Vol. 62, No. 9, September 1973 [] 1519





