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Summary

An estimation method of a test preparation poténaglation to a standard preparation ad-
ministered to the same experimental units is pteskin this paper. The responses for the doses of
preparations on the same units are correlated. dwerea special structure connected with alloca-
tion of the doses on experimental units is consideA model for the observations and a method
of estimation of parameters of the model are piteserA test function for testing a hypothesis
about parallelism of regression lines for the staddand test preparations is given. When the
hypothesis about parallelism fails to reject, ttie@ formula for the estimator of the relative po-
tency can be defined, which is the main goal ofpthper.
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1. Introduction

Some biological experiments are conducted in aaleompare the effects of
two applied preparations. In general, the effeaired preparation, a standard one,
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is known but the effect of a new one, a test ahanknown. One of the statistical
methods of such a comparison is estimation of tieddtive potency. The estima-
tion of the potency assesses the dose of thergsamation which gives the same
effect as unit dose of the standard preparatioe. mbthod of estimation of the
relative potency has been described in many pametsn a fundamental book by
D.J. Finney under the titl&atistical Method in Biological Assay. Two prepara-
tions can be compared by the relative potency least two different doses of
each preparation are administered to experimemnigd. urhe most useful model
for describing dependences of responses on logaocththe doses is a parallel-
line assay. In general, responses of the experahenits getting the dose of
preparation are statistically independently distell. In the paper we consider
a case, where the doses of both preparations ratdtaneously administered to
the same experimental units. Then, the responsesaelated and the estimation
of relative potency of preparations should be prepsuch a model.

2. Description of the experiment

Tuberculosis of cattle is the most frequent baatérifection which could
be transmitted on humans. One of the method ofndisig of tuberculosis is
a tuberculin-test. In Poland two preparatioBevituberculin and Avituberculin
are produced in Biowet, Pulawy, Ltd. The main cormgrtd of the preparations
is tuberculin protein having different derivatioNew series of preparations,
before sending it into a market, has to be comp&vestandard international
preparations. To a statistical comparison of tleadard and the test prepara-
tions, the relative potency in parallel-line ass@ysecommended. To estimate
relative potencies of test preparations to standaesb, the experiments on ho-
mogeneous allergic guinea-pigs are conducted iteth@ratory of The National
Veterinary Research Institute in Pulawy. On eacheatpig with the same
cause of allergy the injection of two preparatiomghree dilutions are done
after 4 weeks. After 24 hours the diameters oftrea@re measured (with pre-
cision = 0.5 mm). The injection of all doses of the standard dreltest prepa-

rations are replicated at least on nine guinea-pWyzeover, the doses of the
preparations are administered in a special way. firee four animals are in-

jected in such a way that the doses of the stamulamghration are placed on the
left side, cyclically changing the place on the yp&mm the back and the head.
The sketch of such an allocation of the injectimngresented in Table 1, where

Ug, Ug, andug, denote doses of the standard preparation while u;, and
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U;, denote doses of the test preparation. The nextdoimals are injected in
a similar way but starting from the right side, awdon.

Table 1.Arrangement of injection of doses of preparatianarimals

First animal Second animal Third animal Fourth alim
Left Right Left 0 Right Left Right Left Right
Ug — Uy = Ugg| Upg = | Ugg Ugy| Upy Upgl Ugg Ugy| Up, Upg

uSZ uSS uT3 uT2 uSl uSZ uT2 L'ITl uSl uT1 - - uSl L'ITl

Let us note that the experiment doses of prepagatite injected to the same animal,
so the responses are correlated. To describe d ofauteservations we have to con-
sider a model with some structure of covariancairadfloreover, in a model we
have to consider some effects concerning the plicgection on the body, namely,
an effect of the side of animal (left or right), @ffect of the row (the distance from
the back) and an effect of the column (the distdiare the head).

3. Model of observations

Let us assume that the response for the doserudasth or test preparation

is linear in relation to logarithm of the dose ofreparation, ie.
E(yij)= a; +B;X;, wherei =ST denotes a standar&)(or a test prepara-

tions (T), o, and 3, denote an intercept and a slope, for the stanofatioe test

preparation, respectivelys; denote thgth dose ofith preparation,j =1,---,v

andv is the number of doses the same for the standwatdhe test preparation.

To consider parallel-line assay, the slopes forstia@dard and the test prepara-

tion have to be the same. Then, logarithm of netagiotency of preparations is

estimated by the ratiés :dT , Whered ¢, GT andB denote estimators of in-
B

tercepts and common slope for both preparations.

In parallel-line assays, where doses of preparsitsma administered to dif-
ferent units, the problem of estimation of the tiga potency has been consid-
ered by many authors- namely: Finney (1952), HufE984), Park and Kshir-
sagar (2002). In this paper we consider a probleestmation of the relative
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potency in assays, where responses are correlagedepend on the place of the
dose injection. Thus we consider the assays wiheffects of two sides, two
rows and two columns. After putting the usual iestms on the effects of the
allocation, we can take only plus (+) or minusgfect, for example+ w de-
notes the effect on the left side, whitax denotes the effect on the right side of
the animal. Let us assume that the response ofahfiimthe dose of preparation
is described as follows

Yiek =0 +BiX; 2wt KET+ey (3.1)

wherei =S, T, j=1---,v, k=1---,n andn is a number of tested animals,
«, K, T denote the side, the row and the column effespeetively. Then, the
response of kth animal (k=1---,n) can be described as
Y =[Ysior s Youor Yoo s Yol - We assume thay, has multivariate nor-
mal distribution, NZV(E(yk), ES, whereX is (2V>< 2v) covariance matrix, the
same for each animal. Under such assumptions vettall responses can be
described by the following model

y =XB +e, (3.2)

where y=[y’1,y’2,---,y'n]', X =[D,.D,.,D,.1,01,,1,0x],

B=[(D,K,T,GS,GT,BS,BT] ’ ez[e;’elzf"’e;] ’ Dw’ DK and DT are (vaxl)
vectors having elements -1 or 1, connected withatleeation on the animal,,
is identity matrix of the size 21  is unit vector of the sizen and

x=10 [Iogul,n-,loguv] , U,---,U, denote doses the same for the standard

and the test preparations. In general, in the wgitea bioassay proportional
doses of preparations are administered. This altovisansform log of doses to
get 0,1 + 2 and so on in the case of odd number of doses b2, + 3/2

and so on in the case of even number of doses.
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4. Estimation of log relative potency

In this section we consider a problem of estimatbriog of relative po-
tency defined in the previous section. As the raspovectory described in
(3.2) has covariance matrix of the formi =1 _ [ X so the estimator of the
parameter vectd® has the following form

B = (X'WX)™"X'Wy, 4.1)
whereW =V ™' =] OX™.

4.1. Hypothesis about the same slopes

In order to estimate the common slope, first, wausthtest the hypothesis about
the same slopes for both preparations (to haveral@dine assay). This hy-
pothesis can be described as follows

H:c'B=0 testedagainst H;:c'B#0, (4.2)

where ¢’ =[ 0,0,0,0, 0,1,—1]. To test the hypothesiﬂg :cB=0 we use
Wilks’ lambda statistics given by the following foula

1
C1+SH/SE’
~ ~ ~ ~ ~ — _l ~
where SSE = (Y - XB)'W(Y -XB), SSH = (c'B)’[c'(X’WX) c} (©B)
andW =1 _0OZX7*,
The hypothesisH; is rejected if F° =[N—r(X)]l;\A > Foyroga . Where

r(X) denotes the rank of the matXx N =2vn, anda is a known significant
level (see, Krzgko, 2000, p.188). We say that the effect of the pesparation
is similar to the effect of the standard prepamtfoHé’ is not rejected.
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4.2. Model of parallel-line assay

When we assume that the hypotheH§ :c'B=0 in (4.2) is true, then the
model (3.2) can be described in the form

y=XB+e,

where X =[D,,D,.D,,l,01,,1,0x], B=[wk,1,04,0,,8], and D,
D,, D, andx remain the same as in the model (3.2). The estinwditthe new
parameter vector is described by

A

B =(X'WX) " X'wy .
Log relative potency can be calculated from thenida
ﬁ=bgﬁZQE/%B,

wherec, =[0,0, 0,1, -1, 0] andc, =[ 0,0,0,0,0,1].
To calculate the relative potengywe have to calculate antilog §f.

5. Estimation of log relative potency for tuberculh-tests

We consider estimation of relative potencyBokituberculin andAvituber-
culin to international standards. The doses of injestivare 32, 6.4 and 1.28 of
international units (IU). For the data sets theneeties of covariance matrix ,
test functions for the hypothesis in (4.2) andneates of the log potencies in
(4.1) are shown in Table 2. The linear regressoorbbth preparations are illus-
trated in Fig. 1 and Fig. 2. The regression linessented in Fig. 1 show paral-
lelism of the standard and the test preparatioBovftuberculin. The regression
lines presented in Fig. 2 show that standard astdpteparations ofvitubercu-
lin produce almost the same responses, so we carudertblat the standard and
test preparations have the same potency. Moretherstimate of the relative
potency forBovituberculin presented in Table 2 equal to 0.82. It means that
the test preparation is more potent than the stdnpl@paration. It means that
using 0.82 of the dose of the test preparationssgilie same effect as one dose
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of the standard preparation. The estimate of ttagive potency ofAvitubercu-
linis equal to 0.98. We can conclude tAgituberculin has the same potency as
the standard preparation.

Table 2.Estimates of covariance matrix, model parameteisievof test and estimates
of relative potency

I:;;Egﬁ- Covariance matrix Parameter | F° |p-value ?gtlzg\é)e/
25 30-15 10 05 40 @=-0017
c 30 89-22 07 26-04 K =0.072
R B RS IR
07 - - 13 | 0 =11018
2 05 26 37-14 143 112| |25 0.42| 0.48 0.82
E 40-04 63 02 112 299 | %r =11589
2 Bs = 4576
B, =4.796
74 05 60 78 28 65| @=-0012
£ 05 124 149 - 03 026 068 | X ;:8-83%
3 60 149 331 94 93 194 GT;12385
g ;g - 22 gg 1%2 1%2 15% & =133 |043| 0.48 0.98
2 . . ! L
Z 65 68 194 72 190 364 [}s =3.908
B, =4.106
a test
16+ 16
141
144
" a standard
104
104
8_
1 s 0 0% T 0.5 0 05 1

Fig. 1.Regression lines fdBovituberculin Fig. 2. Regression lines fokvituberculin
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6. Conclusions

To estimate efficiency of new tuberculin-tests tanslards the relative po-
tency estimation should be used. However, we haxemsider the model con-
nected strictly with the experiment. For the datéamed for two series of the
tuberculin-testsBovituberculin and Avituberculin, we have got the estimate of
potencies related to standards very closed to.ufliiis has confirmed that both
series of tuberculin-tests should be accepteddier. s
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WZGLEDNA MOC DWOCH PREPARATOW
ZE SKORELOWANYMI OBSERWACJAMI

Streszczenie

Przedstawiono metedestymacji wzgldnej mocy preparatow stosowanych na tych samych
jednostkach eksperymentalnych. Uzyskane obserwacigce reakcjami jednostek eksperymen-
talnych na stosowanie dawek preparatgwglorelowane. Ponadto, roziano specyficzny model
do opisu uktadu eksperymentalnego, w ktorym dawd&ppratéw g rozmieszczone na jednostkach
eksperymentalnych. Przedstawiono model dla obsgirweaz pokazano metqdestymacji para-
metréw modelu. Ponadto, podano furktgstowa do weryfikacji hipotezy o réwnolegioi pro-
stych regresji dla preparatu standardowego i tesgowPrzy prawdziwiei hipotezy o réwnole-
gtosci podano wzor na estymator wedhej mocy, co jest gtbwnym celem pracy.

Stowa kluczowe wzglgdna moc preparatéw, @eiadczenia liniowo réwnolegfeskorelowane
obserwacje, testowanie hipotezy, testy tuberkulmow
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