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SUMMARY

This paper considars tha latast pharmacopogia waight vanation tasts and calculates the probabilitias
of passing such teats wsing the ratio statistic of the form x/% where the x; ara normally distributed.
The probabilities are then compared with those obtained by using the method due to Roberts, Robents's
method leads to underestimates of thase probabilities. The results are also wsed ta datarmine the
process conditions to be maintained by a manufacturer 1o pass the weight variation tests.
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1. Introduction

Drugs in the form of tablets are one of the main products of the pharmaceutical
mdustries. Active ingredients {(ie. the drug) and filler and binder materials are
thoroughly mixed, nsually in drum mixers, to prepare a homogeneous granular mass.
Measured quantities of these granules are then compressed in high speed rotary die
punch compressors to make the tablets. The active ingredient content of a tablet is
prescribed by the various pharmacopoeia. However, the quantities of the other
materials and thus the weight of the tablet are fixed by the formulation of the particular
manulacturer, It is slatutory to specily the active ingredient content on the strips or
packages of the tablets. However, there is no requirement to indicate the weight of
1he tablets.

To ensure that the manufacturers control the varation in the weight of ihe
compressed tablets, different pharmacopoeia specify what are termed ‘weight
variation tests’. These tests are primarily based on a comparison ol the weight of the
individval tablets (x,) of a sample of tablets with an upper and lower percentage limit
of the observed sample average (mean, x). As these are regulatory lests, il is imporiant
that a manufacturer knows the probabilities of passing such tests, under different
process conditions. Roberts (1969) provided a method to evaluate the probabilitics
of passing the United States Pharmacopoeia (USP) test at that time. This was done
by modifying the test to make the comparison with percentage limits of the process
average, rather than with those of the sample average. The probabilities of passing
this modified iest were then obtained assuming x; to be normally distributed and were
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cxpressed as a Munction of the coefficient of vanation (COV). These probabilities were
also taken as the estimates of the probabilities of passing the USP test.

Howevet, il can be scen that such tesls can be expressed as limils of the ralio
statistic x;/%, and then using the results of Hinkley (1969) the probabilities of passing
the tests can be calculated casily.

In this paper we consider the latest weight variation tests—the British Pharma-
copocia (BP) test (19800, the Indian Pharmacopocia (IP) test (1985) and the USP
lest {1985). The probabiliiies of passing these tests for different values of the COV
have been calculated and compared with those obtained by using Roberts’s meihod.
It is scen that Roberts®s method undcreslimaies the probabilities in all the situations.
Some implications of these tests for the process conditions to be mainiained by a
manufaciorer are also shown.

2. Pharmacopoeia Specification (Weight Variation Tests)

2.1, British Pharmacopoeta gnd Indian Pharmacopocia Tests

A sample ol 20 1ablels is 1aken [rom any balch. Each tablel is weighed singly and
the average for 20 tablets found from the data. No tablet should deviate by more
than double the percenlage given in Table 1 from the average and nol more than
two tablets should deviate from the average by the percentage tabulated.

2.2, United States Pharmacapoecia Test

A sample of 10 tablets is taken from any batch. Each tablet is weighed individually
and Lhe sample average ¥ and the relative sample standard deviatdon 100s/% are
calculated. No tablet should deviate from the average by more than 15% of the
average and ihe relative standard deviation should be less than or egqual to 6.

3. Weight Variation Tests as Tests for the Ratio Statistic: x;/x

Lel x, have the normal disitibution N(u, ¢2). Symbolically the limits specified by
the weight variation tests can be written as (1 — )% £ x, <{1 + f)%, where 1007 is the
allowable percentage. If we define w, = x,/%, this leads 1o the new limits 1 — f < w, <
L+ £

Consider two normal variates X, and X, with X, ~ N{u,, 63), X, ~ N{u,, 63) and
correlation coeflicient p. Denote W = X /X, and let F{W) be its distribution function.
Hinkley (1969) showed that, when pu,/¢* is large, | F(W)— F*(W)| < Prob{X, <0},
where

FMW)= (Eﬁ w __-“.1.)

a0 W}
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@ heing the normal integral and
i W ir2
awn=(Gr+hera)
In the present case, p = (1/,/n} and Pmb{r 0} = 0. Hence,
N -1
Fiw) = m[ ,jl{w 2w +n] z;), (1)
say, where z; ~ N0}, 1). Given f and &, F{w,} is a function of the COV only. Also since,
Zig® _wi—2wt1
mt wi—2w,+n

VAT \/(n—l)
W, +1.
H h

Thus w, is asymplodcally disiributed as

n—1g°
N1, — — |,
(, H .“2) @

Roberts, by implication of his modification of the test limits, assumed w;~
N{1, #%/u?). Hence Roberts’s method would lead to undercstimates of the probabilities
of passing the tests. For our calculation of Lhe probabilities we shall use equation (1)
which gives the true values of Fiw,).

13 quite small, we can wrile

4. Calculation of Probabilities of Passing Tests

4.1. British Pharmacopocia and Indian Pharmacopoeio Tests
Let P=Prob{l — f<w; <1+ f} and 0 =Prob{l —2f <w, <14 2f}. Then the
probability of passing the BP or the IP test, L (say), is given by
L= P 4 20P!%Q 4 190P1PQ* (3)

where F and @ are oblained vsing equalion {1).
By using Roberts’s method the corresponding probability L., (say) will be obtained

by replacing P and  in equation {1} with

p= m(ﬂ'}) _ m(f%-‘i)

e.-o{22)-o( 1)
respectively.

We have calculated [, and L for different values of the COV. Table 2 gives these
values of L and L. The relative amouni of underestimate under Roberts™ method,
A= 100{L — L., )/L., is also given in Table 2.

and
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TABLE 2
Probabilities of passing the welght variation tests (BF or IFP)-- L
(present method) and T, (Roberts’s method), and the relarive
arount of wrderestimate wnder Roberis's method
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4 0140113 0157218 1743
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T4 =1L, — L)L for different walues of the GO,

4.2, United States Pharmacopoeia Test

The relative standard deviation is lhe sample CO¥ (c, say). We shall assume ¢ to
be normally distributed with E{(c)=a/u and

o5 @ (1 e*
#iic) =) (2 +F2).

The accuracy of this approximation is very good especially for small ¢ and moderately
large n (Inglewicz and Myers, 1970). Let P=Prob{l—f<sw, <1+ f}, Py=
Prob {c < 0.06} and P, = P'? It can be easily verified that for a normal variate the
correlation coefficient between thal variate and its COV is zero, Using this fact and
result (2), we can consider the probability of passing the USP test as L=P,P,. L,
is obtained similarly by using P,,, = PL? in place of £,. Table 3 gives the values of
L, L, and the relative amount of underestimate under Roberts’s method,
A=100{L—~ L_¥L, for different values of the COV.

8. Comments

Whereas Roberls’s method gives underestimates of the probabilities of passing the
weight variation tests, the present method gives exact values of the probabilities for
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TARLE 3
Probabilities of passing the USP weight variation fexf—1I f present
miethod) and L { Roberts's method) and the velative amount of
underestimate under Roberts's methodt

CO¥F (%) f. Ly, A
0 400 % 10" 26k 1078 4.5
10 001695 (1001 36 174
a,a87 02194981 025598 .5
5 E52320 0872565 ne
4 0.9BE40 0.5 T35 I8
3 095090 020051 T 2

A = LKL — L WL For different valucs of the OOFY.

lesls other than the USP test. For the USP test also, our method gives better estimates
since the values of P, used are the true values.

Under the BP or ihe IP tcsls, 1o pass the test with 0.999 999 prabability, i.e. almost
always, the manunfacturing process should be so controlled as to have the COVs as
follows:

(a) for heavy weight tablets (average weight greater than 250 mg), COV < 1.5%,

{b) for medium weight lablets [average weight between B0 mg and 250 mg),
COV <25%,

ic) for light weighi lableis (average weighl 80 mg or less), COV = 3.0%.

In industrial situations, 6 is usvally considered as the process capability. This is
becanse + 3o limnils contain 99.73% of the arca under the normal curve. Thus i a
manufacturer makes tablets of three different average weights, e.g. 300 mg, 150 mg
and 75 mg, 10 pass the lesls Lthe process capabililies required would be 27.0 mg, 22,5
mg and 13.5 mg respectively.

Under the USP, 1o pass the lest with the same probabilily the COV musl be less
than or equal to 3.0%. This implies that for the same set of the three average weights
given in (a), {b) and {¢) Lthe process capabilitics required would be 54 mg, 27 mg and
13.5 mg respectively. This permits 4 manufacturer who follows the USP test a much
more relaxed process [or the heavy weight tablets.
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