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ABSTRACT

By incorporating restriction errors into experimental design
models, the developmental scientist is forced to consider what
restrictions on randomization have been placed on his experiment
whether they are inadvertent or planned. With the experimental
destgn in mind along with the restriction errors the scientist
should be able to eventually establish a very reasonable design

model and analysis for that experiment.
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One of the more fundamental tools of pharmaceutical research
and development, particularly in the design of dosage forms, is
that of the accelerated stability test (1). In general, accelerated
testing done early in the development scheme is designed to screen
the formulation for the effects caused by changing variables.
Variables are anything associated with the formula or the manu-
facturing of the formula. Many developmental scientists would
change only one variable at a time. While this may be sound advice
occasionally, it is time consuming and could actually miss the
most important effects (interactions). An investigation using
multiple variable changes must be done within the framework of
a properly designed experiment. Without the benefit of a proper
design the many interrelationships between factors (variables) can
never be successfully analyzed. Only within the framework of an
appropriate experimental design can the proper relationships and
interactions between the factors be extracted from the experimental
data.

What is needed from an experiment is first expressed as a
statistical experimental design. The experiments are then carried
out according to the design. The data is gathered and analyzed
according to the statistical design. An important step in the
experimental design, particularly in more complex experiments, is
to follow through with the design model and construct the the-
oretical expected mean squares (EMS) table and establish the
statistical tests that can be performed from the design (2).

Designing an experiment and then performing the work without
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first testing the theoretical design can lead to situations where

it is impossible to statistically test for the factors of interest(3).

For example, if a pharmaceutical scientist wanted to find out how
the compression pressure used to manufacture tablets affected the
tablet's dissolution time, the following experimental design could

be set up to run.

FACTORS AND LEVELS

Tablet formulations (T) A, B, C, D
Compression Pressures (P) 1, 2, 3

Weeks of Storage (W) 0, 2, 4, 12

EXPERIMENTAL DESIGN

The 12'different tablet formulations - compression pressure
combinations would be randomized and a batch of each made and
placed on stability. Enough tablets would be drawn at random from
each batch to obtain three dissolution measurements per design

cell.

DATA ANALYSIS FROM THE PROPOSED DESIGN

The resulting model for the dissolution test experiment is

given below:

Yigkt T ow F T PPy b TP 4y T U Ty ()

where: i =1,2,3,4 j =2,3,3 k=1,2,3,4 1=1,2,3

Yijkl = dissolution measure of the 1th tablet, after the kth
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th

week of storage, manufactured at the j ' pressure

h

ltevel of the 1t tablet formulation.

T1 = effect of the 1th tablet formulation (fixed).

Pj = effect of the jth compression pressure {fixed).

Tpij = effect of the interaction of the jth compression and
the i tablet formulation.

wk = effect of k weeks of storage (fixed)-

a(ij) = error terms for batch-to-batch variation per level.

In this case only 1 batch per level.

Twik = effect of the interaction of the kth week of storage
and the ith tablet formulation.

ijk = effect of the interaction of the kth week of storage
and the jth pressure level

prijk = effect of the interaction of the kth week of storage,
the jth pressure level and the ith tablet formulation.

€(ijk)1 = random error caused by the 1th run of the kth week

th

of storage, of the jth pressure level of the i

tablet formulation.

The corresponding Analysis of Variance (ANOVA) is shown in
Table I.

It is obvious that this design has no tests that can be run for
T, P, and the interaction TxP. The design must be changed in order
to obtain meaningful results for the analysis of the data. If the
ANOVA had not been generated before the work was done, a lot of data

would have been generated worthlessly.
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TABLE 1
ANOVA Using Equation (1)
Source df EMS
rablet Formulation(T) 3 o 2 + 1207 + 360(T)
.ompression Pressure(P) 2 082 + 12052 + 48¢(P)
P 6 2 41202 +
o‘e as 72¢(TP)
S 0 082 + 12062
storage Time (W) 3 cez + 36¢(W)
™ 9 6.2+ 96(TW)
€
P 6 6.2 + 126(PW)
£
TPW 18 082 + 36(TPW)
lithin (TPW) % 0.2

The major problem with the proposed experimental design was

that the design did not contain any consideration for the restriction

of randomization that was imposed by the experimental design. The

method of design development didn't even ask the scientist to con-

sider such things.

To help avoid the errors developed above, the introduction of

random restriction errors into the design model should be made. A

restriction error component should be p1aced_into the design model
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corresponding to every restriction on randomization introduced into
the design. This will force each design model to be different but
will allow experimenters to delete those terms for a specific ex-
periment if they believe the effects to be zero. The restriction
error cannot be estimated from the data but it is placed in the
model, with appropriate indexing, and is allowed to appear in the
corresponding analysis of variance (ANOVA) as a source of variance.
There are no degrees of freedom (df) and no sum of squares (SS) for
the restriction error. However, since the restriction error appears
in the theoretical linear model, the variance component for it does
appear in the expected mean squares (EMS). This variance component
in the EMS forces the experimenter to recognize it and to account
for it in the F-tests. The real advantage of using restriction er-
ror is that if forces the experimenter not only to recognize the
restriction on randomization he has imposed on his design in an effort
to save time and money, but also to see its effects on the overall

results of the experiment (4,5).

EXPERIMENT RE-DESIGN

The new experimental design randomly manufactures one batch of
each of the 12 formulation-pressure combinations as before, but only
one measurement of dissolution is taken per cell. The entire ex-
periment is then repeated using another batch f(r each of the 1z
formulation-pressure combinations. The new desicn model using

restri~tion err.r components is shown belo..
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Yijk] =+ Ri + d(i) + Tj + Pk + Tij + error(a) (2)
+ Y(ijk) + N] + ij] + Pwk1 + prjk]
+ error(b) + € (13k1)
where: 1 =1,2 §=1,2,3,4 k=1,2,3 1=1,2,3,4

Yijk] = dissolution measure after the 1th week of storage

of the kth pressure Jevel of the jth

th

tablet for-

mulation in the i~ replicate.

R, = effect of the jth replicate (random).

6(1) = first restriction error (random).

h

T, = effect of the jt tablet formulation (fixed).

Pk = effect of the kth pressure level (fixed).

Tij = effect of the interaction of the kth pressure

th

level and the j~ tablet formulation.

ik and RTPijk)'

Y (1K) = second restriction error (random),

error(a) = pooled (RTij’ RP

w1 = effect of the ]th week of storage (fixed).

ij] = effect of the interaction of the 1th week of storage
and the jth tablet formulation.

Pwk] = effect of the interaction of the 1th week of storage

and the kth pressure level.

prjkl = effect of the interaction of the Ith week of storage

of the k pressure level and the jth tablet formulation.
error(b) = poo]ed (Rwi], RTwij], Rpwikl and RTPwijk1)'
E(ijk]) = random error within the 1th week of storage of the
kth pressure level of the jth tablet formulation
in the ith replicate.
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There are two restrictions on randomization inherent in the
new design which are accounted for in the model. The first restric-
tion (§) occurs with the two replications of the experiment being
performed stepwise. The second restriction (y) occurs within the
tablet making sequence. It is easier to make all of the required
tablets by varying the tablet formulations one compression pressure
at a time. The pharmaceutical scientist would not expect to see
any significant interaction between the replications and any of the
other factors. Therefore those factors are pooled into error a =
pooled (RTij' RP,, and RTPijk) and error b = pooled (Rw11, RTw1j1.

RPU s and RTPwijk1)‘ The corresponding ANOVA is shown in Table II,

It is obvious that the new test design is much better. The

ANOVA shows that there are 11 df with which to test T, P, and TxP.

The use of restriction error components in designing experi-
mental tests will force the scientist to examine his design for
areas where randomization has been restricted, naturally or by design,

and to thereby be able to design a model for the analysis desired.

As 2 further illustration of the use of this design method
let us suppose that a pharmaceutical scientist wishes to study the
absorption of preservative from a parenteral solution into rubber

closures.

Specifically the scientist is interested in the effects due
to different rubber polymers, different filler concentrations and

storage time.
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TABLE I1I
ANOVA Using Equation (2)
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Source daf EMS
. . 2 2 2 2
Replications (R) 1 +4c “ + 40 " + 480, + 48
Y a 8 R
First Restriction Error (8) 0 + 4°v2 + 4°a2 + 48052
Tablet Formulation (T) 3 + 40Y2 + 4032 + 244(T)
Compression Pressure (P) 2 + 40Y2 + 4°a2 + 326(P)
TP 5 + 4cY2 + %az + 8¢(TP)
2 2
Error (a) 1" + 4GY + 40a
Second Restriction Error
2
(y) 0 + 4csY
Storage Time (W) 3 Zea 2+ 200(u)
™ 9 . ob2 + 66(TH)
PW 6 + °b2 + 8b{PW)
TPW 18 + cb2 + 26(TPW)
2
Error (b) 36 + o
Within (e) 0
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FACTORS AND LEVELS

Rubber Polymer (R) A,B
Batches (B) 1,2,3
Filler Concentration (F) 1,2,3
Mold Sheet (S) 1,2
Storage Time (t) O,n

EXPERIMENTAL DESIGN

The eighteen polymer-batches-filler combinations would be
compounded and two sheets of rubber closures molded from each com-
bination. Each sheet of closures would be cut in half and one half

used for closures at t = 0 and the other half used to supply clo~-

For personal use only.

sures at t = n.

The experiment can be illustrated as in Table III.

The dotted line indicates the mold sheets being divided into
two portions for testing at the two times.

The model for this design is shown below:

Viskam = P PRy P Byt 8(g5y t R T RRy FBRGyg (3

Skt T oGk ot Rbin By im
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where: i =1,2 §j=1,2,3 k=1,2,3 1=1,2 m=1,2

Yijk]m = absorption measure after the mth storage time of
the 1th mold sheet of the kth filler level of the
jth batch of the ith rubber polymer.
R = effect of the it rubber polymer (fixed).
B(i)j = effect of the jth batch in the jth rubber polymer (random).
a(ij) = first restriction error.
F = effect of the k™" filler Tevel (fixed).
RFik = effect of the interaction of the kth filler level

and the ith rubber polymer.

th

BF(i)jk = effect of the interaction of the k= filler level

th

of the j~ batch of the i rubber polymer.

S(igkyn = effect of the 1" mold sheet of the k™" filler
level of the jth batch of the ith rubber polymer (random).
w = second restriction error.
t = effect of the mth time of storate (fixed),
and so on for all other symbols.
E(ijk]m)= random error within the mth time of storage of

the 1" mold sheet of the k" filler level of the

jth batch of the ith rubber polymer.

The ANOVA from equation 3 is shown in Table Iv. Tests can be
made for the 3 main factors of rubber polymer (K), filler concentra-
tion (F) and storage time (t) as well as the RF, BF, Rt, Ft, RFt and

BFt interactions.
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TABLE IV

S AVOVA Using Equation (3)
8
e Source df EMS
[}
5 R 1 62 +2 % +20.% + 1202 +126,2 + 360(R)
= i € W S § B
= 2 2 2 2 2
§ B(i)j 4 Oe + 20(» + 20S + ]206 + 12 B
2 2 2 2 2
§ 5(1.3.) 0 o, +2°w + 205 + 120(‘3
kS
o)
a 2 2 2 2
g Fe 2 o + 20" + 20" + dog. + 24¢(F)
3 2 2 2 2
% RF. 2 o~ + Zcm + ZOS + 4°BF + 12¢(RF)
: .
g2 2 2 2 2
ég BF(i)jk 8 o + 20m + 20S + 4°BF + 126 (RF)
52 2 2 2
Eg S(ijk)l 18 Os + 20m + Zos
Sz )
%E O(ijk1) 0 o "+ 2,
o
s
(]
% t 1 062 + osi + Gcth + 360,
£ 2 2 2
I}
2 Rtim 1 . + Ogt + 60 Bt + 18¢Rt
©
T 2 2
z Bt(i)jm 4 Og *+O0gp * 60 gy
o
= 2. 2 2
he)
5 Fyem 2 Op *+0Ogy * 20 ppy + 120p,
5] 2. 2 2
E .
& RFt km 2 G * 05t *20 ppy * Boppy
D
4] 2 2 2
o BFt(5)jkm 8 0 * Oy * 20 gpy
=}
a 2 2

St(ijk)]m 18 g, +USt

2
€(43k1m) S I
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