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A new philosophy is proposed for obtaining improved
product designs in shorter time periods using established
concepts from engineering and management science. Thia
philosophy is a simple systematic approach with sufficient
flexibility to serve various product types, different
time frames for action, and achieve a variety of conditions
of acceptance. Four phases of effort make up the product
design regimen. BEach phase must be managed by selecting
the appropriate techniques and allocating research and
development efforts. Two case studies are presented to

illustrate this philosophy.
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INTRODUCTION

Somewhere between the discovery of a new drug and
the marketing of it lies an important and costly effort
known generally as research and development. Manage-
ment and other personnel in the research and develop-
ment effort are primarily concerned about obtaining
outstanding product designs in the most expeditious
manner. Because different design attributes impact in
various ways with purchasing, production, distribution,
marketing, and government, some organized effort must
be implemented which will assure the identification of
all essential impacts and allow for tradeoff decision
makirg during the product design process. Tradeoff
decision making must be made between the often con-
flicting objectives of design quality and expeditious
development. This situation is the context for the
proposed philosophy which is described below.

Although the pharmaceutical industry shares many
commonalities with other industries, pharmaceutical
product designs differ in some important aspects
from those in many industries. Pharmaceuticals are
"life and death" consumer products. Also, drug
products are among the most difficult to design be-
cause of the complexities of the drugs themselves and those of
the biochemical and physiological functions of man.
Minute differences in product purity, potency, and physical
or chemical properties can have dramatic effects on product

performance. Accordingly, there are stringent Federal

90

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/17/12

For personal use only.

MANAGEMENT SCIENCE AIDS IN PRODUCT DESIGN

regulations on pharmaceutical products which in turn place
further difficulties on the design of the products in this
industry. In addition, a reformulation or improvement of
already approved or marketgd products reguire the under-
taking of extensive and expensive retesting, possibly
including clinical testing in man to reverify drug efficacy.
Commitment is an important feature which distinguishes
pharmaceutical product designs from those of many industries.
Consaquently, the initial product development of pharmaceu-
tical products toward optimum is particularily important
from the standpoints of safety, efficacy, and reliability.

All of the above factors mitigate for well designed
experimental and management techniques in pharmaceutical
research and development (R&D). High capital risks, corporate
profits, and societal benefits demand the best that science
and management can offer. Yet many developmental activities
in the pharmaceutical industry proceed today on a general
trial and error basis. At best, such methods leave both the
investigator and management blind to the potential of further
product improvements relative to an achievable optimum.

Any philosophy of design must be sufficiently robust
to meet the needs specific to various types of products,
different action time frames, and general conditions of
acceptance by the firm. Acceptance conditions are
particularly critical in the pharmaceutical industry
because of the govermmental regulations of the Federal
Food and Drug Administration. 1In addition to robustness,

this philosophy must be simplistic so that all impacted
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concerns within the firm can interface with the design
effort at the proper time. Simplicity is also needed in
order to provide clearly stated inputs by interfacing
personnel and so that the recommendations from the design
team will be compatible with corporate level planning.

We believe that our proposed philosophy not only possesses
these features of robustness and simplicity but "that it

is powerful as well. After first describing the philosophy
in somewhat general terms, we will illustrate the utility
and functionability of this systematic management approach
in two product design and analysis case studies typical

to the pharmaceutical industry. One can also recognize
the application of this philosophy to process design as

well.

THE PROPOSED PHILOSOPHY

Four phases are suggested in this proposed philos-
osophy: (1) a preliminary planning phase, {(2) an experi-
mental phase, (3) an analytical phase, and (4) a veri-
fication phase. Each phase plays an important role in
the overall product design process. However, manage-
ment of research and development must make decisions on
the allocation of effort amongst these phases. An
important aspect of this philosophy is the generation
of information to assist in this decision making. ===
Each of these phases are discussed individually below
in terms of pharmaceutical products. Applications to

other products and industries are apparent.
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In the preliminary planning phase the principal
activity ought to be a clear and concise description of
the output properties desired by the product and the
input variables available to achieve those properties.
The term "output properties” is used here to mean those
things the final product should be or do. A drug is
a product which should carry some form of treatment to
a patient in some prescribed manner. Accordingly, the
drug must be in a form that is bicavailable to the
appropriate human tissue or compartment and meet such
characteristics as a proper rate of drug release,
achievement of adequate but non-toxic tissue levels,
uniformity and accuracy of dose, acheivement of high
levels of purity, maintenance of physical and chemical
stability, and other medical considerations. Also, the
drug must get through production, distribution, and
sales to the patient and maintain all the physical,
chemical and biological characteristics designed into
the product.

Output properties must therefore include all of the
specifications needed for the design of a high quality
drug delivery system (drug product), from raw materials
purchasing down to the treatment effect within the
patient. This process of identifying output properties
requires the aid of interfacing personnel in the design
team from various impacted areas of the firm. Various
managerial techniques have been advocated for achieving

this identification process more effectively and/or

93

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/17/12

For personal use only.

BUCK, PECK, AND BANKER

efficiently {e.g. the "Ideal Concept" by Nadler (1970)
"Brain Storming" by Clark (1958),etc.). Also differ-
ent organizational approaches have been suggested in
the past such as the committees approach, project
managed teams, the matrix approach, etc., and any of
these techniques and organizational approaches are
compatible with the proposed philoscphy. The ultimate
objectives in this initial planning phase to (1) identi-
£y the output properties desired, (2) find some ranking
of relative importance amongst them, and (3) determine
a means for measuring how well any particular design
meets the desired properties. Corporate management
guidance and philosophy can assist in this effort.

A second part in the sequence of the preliminary
planning phase is to identify the input variables along
with corresponding means for their measurement. Two
classes of input variables should be found: (1)
Controllable variables which affect one or more of the
output properties, and (2) uncontrollable variables
which also affect output properties. With both classes
of variables it is useful to also know the practical
range of values which these variables may assume. Once
this identification is achieved, the response surface
concept can be used. This concept, made famous in
statistics and management science by Box (1957), is
essentially the recognition that each output property
is functionally related to the input variables in some

mannex. In the case of two input variables denoted
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here as Xy and X, an output property y can be described
to functionally change with the different values of

the input variables to form a response surface, such as
the one shown in Figure 1. Although commonplace geome-
try is lost beyond two variables, this concept holds

for many more.

Existing theory or data may be available to map out
the response surface associated with each output pro-
perty with sufficient accuracy for the analytical phase.
In reformulation work and in process analysis of estab-
lished products, a good deal of required data is often
in hand for application of methods described herein.

1f so, this information can be held for the third phase

DOSE ~
VARIATION

-
milligroms
of drug

Contour of Zero
Dose Variation

Aluminum
Chloride

MHEC-37M

Figure 1. Response Surface Concept and Results of the
Second Case Study.
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and a complete experimental design will not be under-
taken. Those response surfaces which cannot be suf-
ficiently well described can be identified for efforts
during the next phase of the product or process develop-
ment.

Two principal activities comprise the experimental
phase; planning and conducting those experiments which
will describe the needed portion of each response sur-~
face with sufficient accuracy. Many drug companies
through their preformulation programs have information
at hand which describes probable drug compatability,
biocavailability or stability problems which is of great
use in designing the experimental phase. Of particular
importance in the design of the experiments is the
recognition that a surface map is needed for that portion
of the input variables which likely will be needed in
the analytical phase. The experimental design ought
to be analogous to the plans of a surveyor on a construc-
tion site as differentiated from the plans of either a
mountain climber or a cartographer. Some of the recent
advances in the design of experiments, as described by
Anderson and McLean (1974), provide added technical
assistance toward the statistical part of the experi-
mental design objectives. On the practical side of
this experimental planning, the research and develop-
ment personnel should account for the amount and types
of testing required in order to describe the response

surface as well as the means of data collection. The
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amount of testing depends upon the initial degree of
ignorance about the response surface and the relative
significance of that particular output property. Con-
cern should be given to the various types of testing
required in order to obtain efficiency in conducting
the experiments; such as collecting simultaneous test
data and sequencing the nondestructive tests ahead of
destructive tests. The methods of data collection
are important for eliminating errors in data handling
and getting the data in a form which is compatible with
the techniques and procedures of analyses. When the
experiments are conducted and the data are collected,
then the experimental phase is complete.

Statistical forms of analyses classically consti-

tute the first steps in the analytical phase. One of

the most useful statistical techniques is the analyses
of variance which serves to distinguish those input

variables and variable combinations that significantly

affect each output property. The purpose of this analysis
is to collect only significant variables for the next
analytical step. In the considerations of the kind of
analyses of variance to use, the research and develop-
ment personnel should be fully aware of four types of
errors: (1) the error of excluding a significant
variable, (2) the error of including an insignificant
variable, (3) the error of setting improper levels of
statistical significance, and (4) the error of using

the wrong model for the analysis. Since there are costs
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associated with each type of error, economic considera-
tions must be included with statistical considerations
in the analytical management. Once the significant input
variables are identified, the response surface descrip-
tion can be completed by using regression and correla-
tion analysis. In addition to the quantitative descrip-
tion of the response surfaces, these forms of analysis
vield important information for managers of research
and development. Goodness-of-fit information provides
feedback to these managers on the need for further
refinements in testing. Also the results of high
correlations between output properties which vary con-
siderably in their relative importance allows one to
disregard or to significantly reduce efforts with the
lesser important output property. Negative correla-
tions amoungst output properties, especially important
ones, signifies the likelihood of difficult tradeoff
decisions and this feedback serves to show research
and development managers where efforts should be inten-
sified. Accordingly, the implementation of this product
design philosophy provides a system to capture this
important managerial information for properly allocating
R&D resources.

The second part of the analytical phase consists
of specificing acceptable limits on the output properties
and searching for an optimum combination of the control-
led input variables to meet these output~property limits.

Determining the acceptable limits is a task which poses
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managerial difficulties because different interfacing
personnel will have varying concepts as to the tight-
ness of these limits. Reference standards on degrees
of limit tightness and soliciting opinions of multiple
limits (at varying degrees) may be useful techniques
for a design team. Some alternative procedures are
illustrated both in the philosophy discussion below and
in the case studies. As soon as these limits are iden-
tified, the personnel performing the analysis ought to
first assure that there is some combination of control-
lable input variables which meets all the imposed
limits., 1If there is not some combination satisfying
all limits, then a reconsideration must be made either
on the limits or on the rationale of the product design
approach itself. Ultimately, the team must create a

solution space of possible product designs which are

distinguished uniquely by the input-variable combina-
tions. The solution space concept is illustrated in
Figure 2. When the bounderies are found for the solu-
tion space, the search can begin for the optimum design.
However, the type of search which ought to be conducted
depends upon a number of factors. If there is a single
most important output property, then the search can be
made on the solution space under a response surface
corresponding to that most important output property.
With several important output properties, it may be
possikle to find a weighting factor for each and then

to simultaneously search all of the response surfaces.
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Figure 2. Solution Space Concept.

In this case one can use the weighted sum of each
response as an objective function for the search. An
alternative procedure of placing constraints on secon-
dary objectives, then optimizing the pharmacy objective,
is shown in the case studies.

The final part of the analytical phase consists of

sensitivity analyses. There are at least two principal

forms of sensitivity analyses: one form is used to
determine appropriate tradeoffs between changes in
various output properties and the other form entails
an investigation of the changes in the output proper-

ties with changes in the uncontrolled input variables.
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Typically, the first form of sensitivity analysis is
performed by tentatively changing the acceptable limits
of secondary output-properties and estimating the effects
on the primary properties. Graphical plots of these
effects provide information to the research and develop-
ment team which will aid them in modifying their opin-
ions of acceptable limits for the output properties.

The second form of sensitivity analysis serves to provide
guiding information to the team about the effects of
uncontrollable input variables. Often a design of

lower quality relative to the output properties is far
more stable. Information from this second form of sen-
sitivity analysis provides a vehicle for assisting in
the tradeoff decisions between better output properties
and product stability.

The verification stage provides the tests necessary

to determine if the analytically-determined design is.
suitable or whether further revisions are needed.

When further revisions are indicated, the verification
procedure ought to indicate the directions of such
changes. Such testing may be done by predicting the
response surface values at and around the analytical-
ly-determined solution and then running laboratory
tests at the same combinations of controllable input
variables. With close agreement between predicted

and obtained results, then the final product design is
at hand. If there is not good agreement, then one

ought to investigate for systematic prediction errors
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and find the implications these predictive errors have
on the product design solution. This information on
prediction error and solution implication can serve the
research and development managers to indicate the R&D
resources needed on the second pass through these four
R&D phases.

A CASE STUDY IN TABLET DESIGN

Tablets are the most common dosage form and, in a
great many cases, the tablet serves primarily as a means
of carrying small quantities of a drug into the patient.
The problem faced by the development group is to arrive
at a proper design (formulation) of this product. —--
Although this design philosophy came ocut as a result of
this experience( Fonner, Banker, and Buck (1970) and
Fonner, Buck, and Banker (1970)], this case study is
described as if it were developed following this phil-
osophy.

Preliminary planning on the development of a tablet
needed for carrying a particular drug first must select
a general type of formulation. In this case a decision
was made that the tablet consist of starch as a dis-
integrant (facilities tablet breakup), stearic acid, as
a binder (to produce a cohesive tablet compact), a
diluent compound, and the drug. Output properties con-
sidered important for this product were: (1) the rate
of drug release within the human body, (2) tablet vol-
ume, (3) the tendency for tablet breakup under handling
or friability, and (4) tablet hardness. The first out-
put property was based on medical reasons and was felt
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to be the most important property. Tablet volume and
friability were felt to be important for the maintenance
of accurate packaging and dosing. These two properties,
as well as tablet hardness are important marketing con-
siderations as well as for a proper physical appearance.
Production considerations were involved with both tablet
volume and hardness. With the output properties identi-
fied, the design team moved on to determine means for
measuring these properties. Since drug release rates in
the human body were difficult to obtain, the rate of
dissolution in water was initially substituted as an
in-vitro test and a standard dissolution test was employed.
Standard tests also existed for measurement of the other
properties and these tests were selected. Next the
controllable input variables of the percentages of starch
and of stearic acid were identified. Practical chemical
and production considerations allowed for the limiting of
these two input variables as 1 to 41 percent and 5 to

45 percent respectively. Although no uncontrolled

input variables were considered here, both’average
humidity and storage time might have been.

With this preliminary planning completed, the
experimental phase was started. An experiment was
designed whereby all combinations of three levels of
each input variable were prepared and tested. At
least ten tablets were made for each formulation be-
cause two of the standard tests were destructive.
These standard tests were conducted amd the results
were recorded on computer data cards.
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In the analytical phase a combination analysis of
variance and regression analysis was run for each out-
put property. A polynomial description was found for
each property as descriptions of the response surfaces.
Isoproperty lines were constructed for each property
over the possible combinations of input variables and
the results are shown in Figure 3. No correlation
analysis was run. It was determined that practical
upper limits for friability and tablet volume were

2.74 percent and 0.027 cubic inches respectively. With

a single most important property (i.e., the release

31 L A L J
4 8 2 16 20 24 28 32 36 X,
o dissolut. rate STEARIC ACID

———————=:y s frigbility

Figure 3a. Tablet Dissolution Rate and Friability as a
Function of the Design Variables.
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Figure 3b. Tablet Hardness and Volume as a Function of the
Design Variables.

rate of the drug) and only two input variables, the
Lagrange method of constrained optimization was employed
for the search part of the analytical phase. Lagrange's
method entails an expression consisting of the release
rate response function, a multiplier times the fri-
ability response function less the upper acceptable
limit for friability, and another multiplier times the
total volume response function less the upper acceptable

limit for tablet volume. These two multipliers desig-
nate the effect on the primary output property result-

ing from changes in the limits on friability and on

volume. Differential calculus is employed with the
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resulting expression for each variable and each result-
ing expression is set equal to zero. When the result-
ing equations are solved for the various variables, the
analytical solution was found to consist of 22.5 per-~
cent starch and 26.8 percent stearic acid. Figure 4
shows the constraint contours for the release rate,

and the analytical solution for this problem where the
two constraint contours intersect., At this analytical
solution the time for half of the drug to dissolve was
found to be 17.9 minutes. Alsoc, the multiplier of the
friability constraint was found to be 0.5 whereas the

volume constraint multiplier was 2.90. These two

> multipliers indicate the rate of improvement in the
c
o
@ release rate for an increase in the upper acceptable
g
§ -
3.-h -
2 ¥520.027 TN 2.2
5 volume N friability
u-- -
: x,=22.5
solution Ot :
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~ ’JZ
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°/OOT . - ~
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Xz . - TIN
— -
LI d
- ”/’-’—" ]
[ X — e
- 148.4_ _. -
3+ . N T
L Ll v v

12 18 20 24 28 32 36
%of stearic acid x,

Figure 4. Constraint Contours and Objective Function
Contours in Tablet Design Case Study.
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limits on friability and tablet volume. Clearly, much
greater improvement can be obtained by increasing the
tablet volume limits than by increasing the upper
friability limits.

Two sensitivity analyses were performed. In the
first the upper acceptable limits of friability were
changed in small steps from 0.3 percent up to 8.0
percent and the Lagrangian optimization was performed
again at each step. The time for dissolving fifty per-
cent of the drug was calculated and plotted in Figure
5 with the upper acceptable friability limit. It may
be seen that the fifty percent dissolution time be-
comes extremely long unless an allowable friability
limit is greater than about 1 1/2 percent. At greater

friability limits the fifty percent dissolution time

w.
40}
PRIMARY TRADEOFF
PROPERTY I CURVE
fgo in Vitro
(mins)
10}
— . .

2 35 4 5§ 6 T 8
SECONDARY PROPERTY
Maximum Acceptable Friability (% weight loss)

Figure 5. Dissolution Rate and Friability Tradeoff
Curve in the Tablet Design Case Study.
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decreases gradually. Accordingly the decision team
can come to grips with the tradeoff decision very
effectively with this backup analysis. The second
sensitivity analysis was similarly performed on the
upper volume limit. Results here, as reported in
Figure 6, indicated dramatic improvements in the fifty
percent dissolution time by as much as three minutes
by simply raising the upper volume limit to 0.028
cubic inches. The tradeoff function in Figure 6
would greatly aid decision makers.

Verification testing was performed in two ways.
First there were additional experiments conducted at

and around the analytical optimum solution. Results

y, Dissoiution Time in |
Vitro  tgq
Maximum
Acceptable
p - Friability
Voiume
Constraint

Figure 6. Tradeoff Surface Between Dissolution Rate,
Friability, and Volume in the Tablet Design
Case Study.
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of these new tests were closely predicted by the pre-
viously obtained response surfaces. Table 1 shows the
results of this first verification study where only a
single experimental result fell outside the volume
confidence interval. The second verification test was
performed to see how well the fifty percent dissclution
rate approximated the drug release rate in the human
body. Results from this second verification testing
showed that the fifty percent dissclution time predicted
the drug release rate with extreme accuracy. These two
verification tests provide a high degree of confidence
in guality of the tablet formulation by the new product
development team.

A CASE STUDY IN SUSPENSION DESIGN

Suspensions consist of liquids containing fine un-
dissolved powders. This drug dosage form is particul-
arly suitable for use with young children and in geri-
atric cases. Bowever, the powders eventually settle
to the bottom when the suspension is allowed to stand
and shaking is required to remix the powders evenly in
the liquid. Two recognized theories of suspension
design lead to quite different designs. The case study
shown below demonstrates the product design philosophy,
it illustrates some variations on the management tech-
niques which one might use, and it verifieg that both

theories of suspension design are right, depending upon
the emphasis one gives to alternative output properties.

Details of this case study are given in Hagmen,Peck,

Banker, and Buck (1973).
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Three output properties were identified in the
preliminary planning as: (1) drug dose variation,

{(2) ease of pouring, and (3) physical appearance.

Each of these properties were measurable. Assays of
the physical guantities provided a means for assessing
the drug dose variation. Measurements on the ease of
pouring required the development of a special appara-
tus and test procedure. Standard tests were available
for two aspects of physical appearance: (1) the height
of the sediment after setting occurs, and (2) measure-
ment of the zeta potential, which describes the disper-
sion of the powders in the suspension.

Two ingredients, aluminum chloride and a celluose
material, CMHEC-37H, were used in the suspension in
addition to the drug. The quantities of these ingred-
ients formed the controllable input variables and the
range of the two respective inputs was set at 0 to

1073

moles and 0 to 2 percent respectively. Also, two
uncontrollable input variables were identified: (1)
the undisturbed storage time since list used, and (2)
the shaking time before use {a standard shaking inten-
sity was employed). Experiments were performed at

combinations of these variables.

In the analysis phase a form of regression analysis
was used, known as orthogonal polynomials. The good-
ness~of~-fit turned out to be unusually high at R2-0.94.
This analysis was employed with the uncontrollable
variables as well as the controllable input variables.

The particular case of 21 days of undisturbed storage
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prior to 10 minutes shaking time was selected as the
base condition for uncontrollable input factors.

Using this base condition as fixed, combinations of
the remaining input variables were searched to find
those combinations which produced zero dose variation.
An elementary technique of management science for
seeking roots was used and the results are shown in
Figure 1. Once this collection of combinations of
controllable input variables that gave zero dose vari-
ation was found, the remaining efforts for determin-
ing an optimum product design consisted of searching
around this collection. Since the combinations in this
collection were equal with regards to the principal
output property, the question was posed, "Which of
these combinations was best with regard to each of the
secondary output properties?” The search was then
conducted from this collection to f£ind those combina-
tions which gave a zero zeta potential, the maximum
sediment height, and the greatest ease of pourability.
Representative formulations which provided near zero
dose variations were plotted relative to the secondary
properties of pourability, sediment height, and zeta
potential. Results from these tests are shown in
Pigure 7. Two combinations were found that were

5

optimum: (1) at 10 ° moles of aluminum chloride and

1.4 percent CMHEC-37M there was a zero zeta potential
and the greatest ease of pourability, and (2) 10 °

moles of aluminum chloride and 1.75 percent CMHEC-37M
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Figure 7. Secondary Properties of Various Suspension
Yielding Zero Dose Variation.
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gave the greatest sediment height. Combinations be-
tween these two analytical solutions were not as good
in any of the secondary output properties as were
these two solutions. Accordingly there was no tradeoff
to be considered; simply a choice between these two
solutions.

Sensitivity tests were employed to aid in the
decision between these two alternative solutions. 1In

these tests the rates of change in dose variation (i.e.
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partial derivatives) were found for changes in undis~
turbed storage times and in shaking durations; in both

cases by ignoring complex terms in the regression
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functions. These rates of change denote the sensitiv-
ity of each alternative solution to these uncontrollable
input variables. Results of these tests generally

indicated that increases in CMHEC-37M reduced the shak-
ing time source of dose variation regardless of the

amount of aluminum chloride present as indicated in
Pigure 8. This observation gave more weight toward
the selection of the second aualytical solution.
Experiments were performed for verification
purposes with product formulations at the two analyt-
ical solutions. Results of these tests are shown in
Table 2 where the reader can verify that both solu-

tions provided reasonable predictability. However,
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Figure 8. Shaking Duration Test Results for Sensitivity
Analysis.
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Table 2. Results of Validation Tests of Second Case Study.

Candidate Formulations for Design

1.40% CMHEC-37M & 107 °AICL, 1.758CMEEC-37M&10” >AlCl,
Property Predicted Actual Predicted Actual
Dose Variation 0 -25 mg 0 -33 mg
Zeta Potential 0 -0.005cm/sec -0.22cm/sec -0.l18cm/sec
Viscosity 20.95 cps 26.40 cps 20.25 cps 25.54 cps
Sediment Height 48 cm 50 cm 49 cm 44 cm
Pourability 17.5gm/sec 19.5gm/sec 8.7gm/sec 7.84gm/sec

the results of this verification study indicates

that a choice between these two solutions would be
difficult but either would be superior to many other
product designs. The scene fades on this case study
while the R&D team makes the final decision, but

what remains is the fact that this management science
approach was able to pinpoint two optimal formulations,
each advocated on theoretical grounds. This case
study demonstrated some of the practical pros and cons
on each side of this issue.

CONCLUDING REMARKS

The two case studies cited above demonstrate that
the proposed product design philosophy provides both an
effective and an efficient procedure. Effectiveness is
demonstrated by the development of near optimum product

designs. Efficiency is illustrated by the combining
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of testing operations, by the use of response functions

for compacting a great deal of information, and by the
elimination of unneeded tests through analysis. Per-
haps an even more important attribute of this philos-

ophy is the information transfer and the management

flexibility which is provided. Research and develop-
ment management needs information input at the proper
time in order to reduce unnecessary testing and to
make hard tradeoff decisions before going into pro-
duction. Thereby many down-stream production, distri-
bution, and marketing problems can be avoided. Output
information from the R&D process allows management

the opportunity to make timely reallocations of re-
search resources. The ability of the firm's R&D
effort can, through this philosophy, be made more
responsive to changing patterns in finance, marketing,
production, or by the results they themselves gener-
ate.

Although the experimental and analytical techniques
employed in these case studies proved to be effective,
there are many alternative methodologies which might
have been used with greater efficiency. Our choice of
the more simplistic procedures allowed for a straight
forward demonstration, uncluttered with sophistication
which may have obscured the principal idea. In fact,
Schwartz, Flamholz, and Press (1972) have correctly
pointed out that the more typical product design sit-
uation entails a much greater number of input vari-

ables and therefore the situation demands more sophis-
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tication in the choice of analytical techniques. There
are also more efficient sequential forms of.expe;iment-
al designs which can and ought to be used. The bones
of this philosophy needs the muscle which will insue
when the philosophy is seriously accepted by manage-
ment. Research and development needs aids for better
management. These needs are particularly acute in

the pharmaceutical industry, as Sherman (1973) points
out in his observation of declining R&D output here.
Although a major cause of this decline may be associa-
ted with regulatory difficulties, anocther cause may

be in R&D management. Accordingly, this product
design philosophy is offered here in hopes for the
development of better drug products, greater produc-
tivity, and as a means of more effectively meet-

ing the requirements of the Food and Drug Administra-
tion, while striving for optimal product safety,

efficacy, and reliability.

REFERENCES -
Box, G. E. P., "Evolutionary Operation: A Method for
Increasing Industrial Productivity”", Applied Stat-
istics, v. 6, n. 7, 1957,

Anderson, V. L. and McLean, R. A., Design of Experi-

ments: A Realistic Approach, Marcel Dekker, Inc.,

New York, N.Y., 1974.
Clark, Charles, Brainstorming, Doubleday and Company,

Inc., New York, 1958.

117

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/17/12

For personal use only.

BUCK, PECK, AND BANKER

Fonner, D. E., Jr., Banker, G. S., and Buck, J. R.,
"Mathematical Optimization Techniques in Drug
Product Design and Process Analysis", Journal of

Pharmaceutical Sciences, v. 59, n. 11, 1970.

Fonner, D. E., Jr., Buck, J. R. and Banker, G. S., "An
Application of Lagrange Optimization of Response
Surfaces in Pharmaceutical Product and Process
Design”, School of Industrial Engineering Réséarch
Memorandum, No. 70-8, June 1970.

Hagman, D. E., Peck, G. E., Banker, G. S., and Buck,J.R.,
“An Application of Management Science in Pharmaceu-
tical Suspension Design”, School of Industrial
Engineering Research Memorandum No. 73-1, Purdue
University, April 1973.

Nadler, Work Design: A Systems Concept, R. D. Irwin,

Inc., Homewood, Illinois, Revised Edition, 1970.

Schwartz, J. B., Flamholz, J. R., and Press, R. H.,
"Computer Optimization of Pharmaceutical Formula-
tionsg”, address presented to the Industrial Pharm-
aceutical Technology Section, American Pharmaceu-
tical Association, Academy of Pharmaceutical
Sciences, Houston, Texas, April 1972.

Sherman, Michael, "The Economic Impact of New Drug
Regulations on Research Trends in Pharmaceutical
Product Development”, address presented to the
Management Science Conference for the Pharmaceu-

tical Industry, Purdue University, September 1973.

118

RIGHTS

i,



