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USE OF A DESK-TOP COMPUTLR IN A SEARQI-TYPE
OPTIMIZATION OF TABLET FORMULATIGHS

G. R. B. Down, R. A. Miller, S. K. Chopra, J. F. Millar
Pharmacy Rescarch amd Developwent
Merck Frosst Laboratories
Kirklawl, Quebec, Canada

ABSTRACT

The use of a desh-top computer in the {ield of formulation
and process optimization is described. 7To illustrate an appli-
cation of this technique, a serics cf tablets has been prepared
according to a classical optimization design to determine the
optimsm levels of process variables which mevt pre-established
specifications for product variavles (uardnéss, thickness, etc.)
based on second order polynomial predictor eyuations for euch
reasured parameter.

THEORY

The use of computer-assisted optimization techniques in
pharmaceutical dosage form development has been the subject of
several literature reports (1-3) but apparently has not received
wide-spread acceptance and usage. One of the drawbacks is that
large-scale computing facilities hive been required and these are

not always readily accessible to developmwnt laboratory personnel.

With the recent revolution in the computing equipment industry,
low-cost, sophisticated devices are now available to most medium-
sized laboratories. A series of proyrams has been written in
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312 DOWN ET AL.

this laboratory for use in a desk-top c:cmlputer1 to comduct the
complex calculations required for fomulation and process opti-
mizations.

The purpose of the work contained in this report was to
provide, via mathematical modeling of tublet properties, mcre
complete documentation of each formulation and process under
development for future reference amd also to provide a rapid
method of determining the location of the optimm (as defined
by the various constraints imposed on the system).

The model should be so constituted that it can be used to
predict accurately the perfoimunce of the "prototype'. The
pratotype, in turn, is the full-scale physical system which is
to te modeled. A secomi-order polynomial equation is used as
the modeling equation. Sharp discontinuities in the prototype -
such as capping/laminating in the case of the tablet system -
are difficult to accommodate by this model and regions of experi-
mentation where this occurs should generally be avoided.

For personal use only.

A systematic series of experiments must first be perfomed
in order to define the interior of a "hox" bowwled in each dimen-
sion by selected limits of cxperimentation, each dimension repre-
senting a single independent variable. The three independent
variable system is the easiest to visualize (see Fig. 1). The
design matrix (4) for this system is outlined in Table I.

The modeling equation in this case will be of the form:

Y uby e by by 2 by o X2 s bex e bxt e

boX Xy * bgX Xy ¢ DX Xy (Eq. 1)

where: Y = measured response (dependent variable)
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bo' bl’ ... ® estimated regression coefficients

Xl, Xz, X3 » independent variables

An equation of this type is generated by a multiple linear
regression technique for each of the dependent variables measured.
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The techniyue can Le illustrated by the examination of a
multijle regression model with just two independent variables:
Yi = B“ + ‘*1"1'1 + Bzxi'z ve i=1lton (Eq. 2)
where: Y.1 = value of the dependent variable in the i.dl
tormulation
60,81.62 = partial regression coefficients

Xi » value of the independent variables in the ith

formulation

th

e, * raidom error associated with the i~ formulation

The fitted regression plane

Y= b0 + blxl + bzx (ty. 3)

2
is Jetermmined by the method of least squares. The least squares

function is:

n

X n.
SRR UL R L A LA
1= i=

The values of 50.81 and Bz that minimize LS are the least sqyuares
estimators, bo. b1 and b2’ respectively. The values of bo,b1
and b, that minimize LS are solutions to the nomal equations:

nbo*blixl*bztxz'ﬂ
- 2
boLxl*LlI:)(1 +b22x1x2-£)(1¥ (E4. S)
. 2
bozx,b«bllexz»bzzxz -ZXZY
The “goodness of £it" of the predictor eyuations must be establi-
shed by statistical means.

The Rz value, or coefficient of determination, provides an

index of the goodness-of-fit of the predictor eyuation and is
computed using the formula:

£ (Y-n)?
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To say that the regression line is "good" because its Rz is high
{close to 1) can be misleuding because the regression fit iuproves
as the nuuber of regression terms is increased or the mber of
temms approaches the nuwber of formuilations.

Another test for a significant regression plane is an F
test:
Y - .
r (N - Nt sk _
Fauoconnn semoeesmooseee- sesoes. (Ey. 7)
r (0% / @-b-1)
where: n = nuaber of fomwlations
k = number of imdependent variubles

If F> Fn;k;n-k-l then we can reject the hypothesis that all
regression coefficients are zero.

Bohidar et al. (5) have shown that all the selected inde-
pendent variables can be reduced tu a small number of process
variables based on their contribution to the variation in each
of the product variables (tablet properties) considered in the
study. They have also shown (6) that, by the method of principal
component analysis, one can detemmine the key tublet properties
which are substantially contributing to the overall information
about the system. The smaller the mumber of independent and
dependent variables considered, the more efficient is the deter-
nination of the optimm.

EXPERIMENTAL

The formulation employed to illustratc the method was one
containing 325 mg granular A.E‘.A2 per tablet. Microcrystalline
Cellulose® (MCC) and Pharmaceutical Corn Starch! (PCS) were
added as filler and disintegrant. A lubricant blend of Talc®
and Stearic At:it.’t6 {(in a 1:1 ratio) was employed to provide
adequate die wall and punch-face lubrication.
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Fifteen fornulations, of 1000 tablets each, were prepared

(see TABLL II) by dry blending of all ingredients and compressed

on an instrumented Manesty rotary tablet prus7 equipped with

two sets of 13/32' diameter standard concave tooling.

All

factors other than compressional force (Xl), MCC level (Xz) ,
and combined lubricant level (XS) were kept coustant. Each

tablet also ccntained 5 mg of PCS.

TABLE II

Tablet Formulations Used In The Optimization Study

Formulation Target MCC Level Lubricant

No. Compressional (Xz), mg/ tab Blend Level
Force (Xl), (XSJ, mg/ tab
1bs.

1 3960 90 15

2 3960 90 S

3 3960 30 15

4 3960 3o S

5 1320 90 15

6 1320 90 5

7 1320 30 15

8 1320 30 S

9 4244 60 10

10 1036 60 10

11 2640 96.45 10

12 2640 23,58 10

13 2640 60 16.075

14 2640 60 3.925

15 2640 60 10
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Press Instrumentation

Compression force was monitored from a remote site using
pairs of metal foil strain gaugesa ‘(in vlieatstone bridge confi-
guration) bonded to turned-down sections on opposite sides of
the pressure rod. The unbalance in the bridge cirauit caused
by elongation of the pressure rod during tablet compression was
ronitored using a carrier amlifierg, which also served to acti-
vate the bridge. Compression events were recorded on a storage-
type oscinoscopem.

Cjection forces werec monitored after the manner of Vray
et al. (7). The existing ejection cam was replaced by two tool-
steel cantilever beams. Lach beum was instrumented with metal
foil strain gauges® bonded to either side of the beam (in Wheat-
stone bridge configuration). Bridge excitation voltage was
provided by a DC power swplyn. Bridge unbalance voltage
(caused by bending of each beam) was amplified by one of the
differential amplifiers of the oscilloscope.

Both compression and ejection events were recorded directly
from the oscilloscope in units of deflection am later convertcd
into physical units.

Methods of Measurement and Eyuipment

Tablet hardness was determined on 10 tablets using a
Schleuniger hardness festerl?,

Friability was measured on 10-tablet samples after 300
revolutions in a friabilatorls.

, The thickness of 10 tablets was determined with a diul
comparator.

The above attributes were detemmined immediately after

compression.

COMPUTERIZATION OF NUMERICAL MEIIOLS

The computer programs were written to work with only the
mean of each set of measured responses. No attewpt is made to
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assign confidence limits to predictions as these will depend
not only on the precision of measurement of each response but
also on the goodness-of-fit of the data to the second-order

polynomial equation.

Driver Program

This program is designed to determine the fitted regres-
sion plane (lquation 1) by least squares. The program first
establishes a set of normal equations. (In the case of the
example, 10 such equations are established.) The equations
are then solved by the method of determinants (38). Based on
the predictor equation, a response is predicted for each of
the 15 experiments. The RZ and F values are then calculated.
The program requires ™ 15 seconds to assimilate and fit data for
one dependent variable. A predictor equation is generated for
each dependent variable, in turn, and then the coefficieants for
each predictor equation are stored on tape for use in the sub-
seyuent programs.

Grid Search Program

This is a "brute force' method which searches for the
constrained "optimm" by dividing the specified range for each
independent variable into 10 increments and solves each point
thereby created (113 = 1331 points in the case of three inde-
perdent variables) for the attributes in question. Comparison
of a predicted value to a specified range of values for an
attribute determines whether the program will consider the next
attribute or pass to the next point (see Fig. 2). Careful
constraining of the attributes will shorten the running time
for the program as once an "unsuccessful' prediction is made
for a particular attribute, further attributes are not consi-
dered for that point. The running time to consider a single
attribute 1000 times is ~ 30 seconds.

The program can be made to print out each "successful"
point or simply count the mmber of successes until the
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Established Urid
bowularics
lqr_xl‘:
/ Set Cunstraines
/ for Y's

l

First Grid Puint

First Depemdent
Variable

Solve Predictur
Byuation for ''y"

Does "Y' fall between
0ax - min constraines?
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Next Grid Point
Next Dependent Variable

last Jepamdent
variable?

Print Grid Puint
Coordinates

last grid
point?
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Fig. 2 - Logic Flow Chart of Grid Search Progrum
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attributes have been sufficiently constrained so that only a
few successes are obtained. At this point the operator may call
for the idertification of the successful point(s).

Plotting Progrum

The plotting program acts as an adjunct to the Grid Search
Program by providing visual displays of the models in the form
of contour charts, etc, For a graph of two variables, all other
variables must be fixed for display purposes. In this case,
equation 1 reduces to the general fomu:

axeBX+C=0  (Eq. 8)
One indeperndient variable (ordinate) may be plotted against any
other independent variable (abscissa) by dividing the specified
range fur the abscissa into very fine increments (in our case,
normally 200 increments) and solving for the corresponding
values on the ordinate where the solution is:

B+ B - A

X - (Ea. 9)
2A

1f the computed ordinate value falls between the defined axis
limits, the x-y coordinate pair is stored and then, after all
points are considered, a dot is printed on the coordinate axes
corresponding to each stored point. Plots of a particular depen-
dent variable versus a single independent variable (with all
others fixed) may of course Le performed by simple solution of
the predictor equation for Y.

RESULTS AMD DISCUSSIONS

Table III cospares the actual (nean) respanses to the
computer-predicted values, Also illustrated are the Rz and F
values for each attribute. In each case the F value is greater
than 6.22 which assures, with 99% confidence, that all the
regression coefficients are not zero.

Figures 3 to 6 illustrate contour plots of several of the
measured attributes. They illustrate the effect of varying

RIGHTS

i,



21

~ASSISTED OPTIMIZATION TECHNIQUES

pasned suor3eTIBA UOYSsatduod Jo asnedeq ([1JeXe SAITYDE 03 I[NOTFFTP axe sanyea dadiey uesw ayp

*SUDTIBTIBA (T3 TP pur Jutfooy £q

st
8°0STY 8°6b 6°¥S 'R 74 antep 4
16°66 s1°<6 $L°56 sT°L6 snter ¥
s6L'y | 86Ly Lsol w90 sg'6z ]| 959z 99°0T| ¥6'6 8192 st
9oL | 8oLy §.9'0| 185°0, rz'ss | 99°ss zrot| 9s*or 2992 pr
6Ly | esL'y 926°0 | <€96°0 6€°SZ | 69°vZ $6'6 $6°6 494 £1
ey | sy 99°2 Wt 95°sz | 6£°1Z 0Z'8 L L162 4
0st's | z9t°s 0L5°0-] 81£°0 0s'sg | 9g°6¢ 81| £2°91 90L2 14
€00°s | Lo0°S L0°T ot 92°6T | 10°0Z 6°y 0s°S 0901 ot
ey | osey 86°Z 1s°2 99°6Z | SL°0F gs'ot | 6vot 82y 6
ses'y | s6s°y 20°1 2t (26t | (y6t 16"y s 7411 8
oy | ssoy szt (44 oL°st | 6591 L6°Y s 7414 L
01Z°s | ¢61°s 166°0 | 68S°0 ez | 9 s 18°¢L 4241 9
€1e°s | 918°S mwr] sseo Wtz | e8°0z AL 1€°9 9LzY s
gsv'y | sy 86°Y 65°S 06°'9Z | 96°92 29°9 16°9 960V y
ots'y | vzs'y s 09°S 6z°0z | 95°12 91" L Wt 0s0Y <
§v6°r | L¥G'Y vse'0 | 65270 SO°Tr | 8£°6¢ 09°ST| #z°st vooY z
tso°s | e6z0°s ov9'o | vIr'o ot°ts | 2zz'os Ls°vt| Tt sqT 9ETY T
121pasd | Tenaoy | paidypesd | remioy | peidgpesd | remaoy |peidfpead | temdy| o o 93a04
s (VY) sy (50 2 (W0 & (I uoyssazdm) | “oN
SSIWITYL Arriqeray 93104 uoyIdA(] ssoupaey] weay | ‘g

sasuodsay pe1dYpaLd pue Tenidy 3O uostiedmw) II1 TIAVL

*Ajuo asn [euos.sed 104

ZT/0Z/TO Uo IUel|eIN 0LB( |V ©I9101(q1g AQ WO8./eayl[eayeuliojul Wolj papeo jumoq Adewleyd eriasnpu| pue uswdopaag bnig




Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

j22

DOWN ET AL.

|1 « e e
Y LT
g 75 P
1 * s
3 . 5 ‘~ »
F . . w 12.0 -~
— . .-_ v
§ ! "". ¢
" S 1040 -~
8 50 . \\//
: .
~ . ‘
=< . e
L i
% 8. U"/'
25 } e {
a 1500 3000 4500

xl (Compressional Force, lbg)

Fig. 3 - Contour plots for ilardness (Y1) in kp as
a function of M(C Level and Compressional
Force, XS {Lubricant Level) = 10 mg/tab.

1004

. - Q.
Lo "‘\\
', s S 35.0
2 . %
S . s
2 oo
= E “
23 . \ ’
> . \ 30.0 ,/
3 % \s—-/
g 50 "
~ %, /
25 $ } $
a 1500 1000 4500

X1 (Compressiunal Force, 1bs)

Fig. 4 - Contour plots for LCjection Force (Y2) in
kg as a function of MCC Level and Compres -
sional Force, X3 (Lubricant Level) = 10 mg/tab.

RIGHTS L



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

COMPUTER-ASSISTED OPTIMIZATION TECHNIQUES

Fig. § -

Fig. 6 - Contour plots for Thickness (Y4) in am as a
function of MCC Level and Compressional Force,
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compressional force on a tablet system. As the force increases
to the point where capping/laminating occurs, hardness and
ejection force decrease (i.e., in the case of the example, the
system requires more MCC to maintain the same hardness and
ejection force) and friability and thickness increase. The
apparent thiclkness increases because of the voids created in
the compact of lamination. The Lubricant Level had little
effect on the measured attributes except ejection force (see
Fig. 7 and 8).

Tne following constraints were tiien entered into the grid
search program:

hardness > 9 kp
ejection force < 30 kg
friability < 0.9%
thickness < 4.75 m

100¢

5%

X, (MCC Level, mg/tab)
pend
o

'Y 4
1 v

12 16
XS (Lubricant Level, mg/tab)

25

o4

Fig. 7 - Contour plot for llardness (Y1) in kp as
a function of MCC Level and Lubricant
Level. X1 (Compressional Force) = 3000 lbs.
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Fig. 8 - Contour plot for Ljection Force (Y2) in kg as
a function of MCC Level and Lubricant Level.
Xl (Compressional Force) = 3000 1lbs.

Using these constraints, the program was able to generate seven
sets of conditions for compressional force, MCC concentration,
and lubricant level which would give rise to tablets with the
specified properties. To test the validity of these predic-
tions, one of the sets of conditions, namely:

x2-50n¢pertablet
X_.’-IOngpertable

was chosen at random and tablets preparcd over a cowpressional
force range from 876 1b to 4057 1b. ‘The actual and predicted
results are compared in Table IV and Figures 9 to 12. The
overall correlation of actual and predicted values for hardness,
ejection force and thickness is good but is sawewhat weaker

for friability at high compressional force.

As can be seen, the constrained optimum (in both the
actual and predicted case) lies scmewihere between 2204 and 2811
1bs. compression force (the predicted value from the grid search
program being )(1 = 2319 1bs).
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Fig. 9 - Regression plot of predicted hardness
values on actual values (see Table IV).

Ejection Force, predicted (kg)
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Fig. 10 - Regression plot of predicted ejection
force values on actual values (see
Table IV).
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Fig. 12 - Regression plot of predicted thickness
values on actual values (see Table V).
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SUMMARY AND CONCLIIS TONS

A facile method hus Leen developed for product and process
optimization using a desk-tup cowputer. ‘lTiwe wethou otfers the
advantages of rapid access and versatility.

An example has been illustrated of a three-factor tablet
formulation/process optimization. The technique, of course, has
wide applicability in the development laboratory amd has ulso been
used in the optimization of IiPLC assuy procedures, etc.

The confidence limits of the predictions and other statisti-
cal aspects of the optimization method described will be explored
in the next part of this treatise. The method will also be
expanded to consider non-search type methods involving techniques
such as canonical reductian, principal couponent analysis and
selective regression analysis. These will provide us with sowe
degree of precision of predictious. Further work will be required
in implementing these tedlwigues.
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FOOTNOTES

1 1P-9825A couputer with Y871A printer, riewlett Packard, Palo
Alto, California

Aonsanto Ltd., Ruabon, U.K.

31-}[: Corporation, Philadelphia, VA

4St. Lawrence Chemical, Montreal, Cunada

(5]

Bate Chemical, Montreal, Canada

o

St. Lawrence Chemical, Montreal, Canada

-3

Manesty B3R, Manesty Machines Ltd., Liverpool, Lngland
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8LAET 25-B-35-S6-E half-bridge T-rosettes, type SR-d, Bilf
Electronics, Waltham, Mass.

Ysanborn Model 311A. Hewlett Packard Co., Palo Alto, Calif.

10yodel 5113 with SBI2N time base and two SA26 dual differential
amplifiers, Tektronix, Inc., Beaverton, Oregon

Ly del 21-200, Calex Mt. Co., Inc., Pleasant Hill, Calif.
1j“l(-:cmr Corp., Marion, lowa
13Rut:he

14 e.g., for a plet of )(1 (abscissa) vs. Xz {ordinate), Lguation 1

reduces to a form where:

; 2 2
L~-b0*b)(l*b_,,xz,’*bdx1 + b

6)(3 *bSXX - Y

1 173

h o= bz + |J7)(1 + b9X3

A = b,
5
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