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Table 3: Evaluation of the promotion assay of various chemicals, based on two criteria

(Study 11, Figure 6 results)

1: No. of concentrations

4: No. of concentrations  Judgement based on

Compound Lab No. with significant effect showing a 2-fold increase 1+4
Mezerein 3 5 4 +
7 5 2 +
8 3 2 +
10 3 4 +
4o0-Phorbol 3 0 0 -
: 7 ] 0 -
8 0 0 -
10 0 0 -
PDD 2 6 4 o+
9 4 4 +
11 4 3 +
12 5 4 +
17B-Oestradiol 2 0 0 -
S 0 0 -
11 0 0 -
12 0 0 -
Okadaic acid 1 0 0 -
4 2 1 +
5 2 2 +
6 1 1 +
Dexamethasone 1 8 0 +
4 0 0 -
5 2 2 +
6 0 0 -

mother culture, and 2m! was distributed into each
well of 6-well plates (4 x 10% cells/well). In the test
chemical assays, each dose group consisted of 6 wells.
After culture for three days, the medium was
replaced with fresh medium containing the test
chemical. The final concentration of organic solvents
in the medium was less than 0.1% in the case of
DMSO and ethanol, and less than 0.5% for acetone.
The cultures were again provided with fresh medium
containing test chemicals on Day 7 and 10, and then
with fresh DF5F medium alone on Day 14. On Day
21, the cells were fixed with methanol for 10 minutes
and then stained with 5% Giemsa solution for 30
minutes. Transformed foci were characterised by
using the following morphological criteria: deep
basophilic staining, dense multi-layering of cells, ran-
dom orientation of cells at the edge of foci, and more
than 50 cells within a focus.

Concurrent cell growth assay was performed by
preparing additional 6-well plates and treating the
cells as in the transformation assay. On Day 7 the
cells were fixed and stained as described in the cell
growth assay for dose-determination.

Statistical analysis and judgement criteria

The following criteria were used for the evaluation of
transformation results: a) a significant increase in a
one-sided Dunnett test, with a significance level of 5%
{p < 0.05); and b) more than a two-fold increase as
compared with the solvent control. Chemicals which
satisfied these two ciiteria were judged to be positive
(+). Chemicals which met only the first criterion, but
not the second, were considered equivocal (), while
negative chemicals (-) were those which induced no
statistically significant increase in transformed foci at
any concentration.

Results and Discussion

Cell growth assay (Study I)

In order to confirm the applicability of the cell growth
assay as reported by Ohmori et al. (14), LCA was eval-
uated for its effect on cell growth. Eight laboratories
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Figure 6;
(Study 1)
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Figure 6: continued
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Figure 6: continued
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participated, but two laboratories did not fully com-
ply with the protocol. The results from the six com-
pliant laboratories are shown in Figure 1a. Most of
the laboratories reported slight growth inhibition at
15.8ug/ml, and all observed marked inhibition at
50pg/ml. From these results, the approximate LCA
concentration causing 50% inhibition of growth was
30pg/ml. The degree of inter-laboratory variance at
each concentration was revealed by a box-whisker
plot with SPSS 10.0J (Figure 1b).

These results suggested that the current CV pro-
cedure of the cell growth assay was reproducible
and transferable.

Bhas promotion assay with TPA and LCA
{Study 1)

TPA and LCA were examined according to the orig-
inal Bhas promotion assay reported by Ohmori et

al. (14), whereby culbures were continued for 17
rather than 21 days.

The individual results for TPA treatment in
twelve laboratories are depicted in Figure 2. A dose-
dependent increase of transformed foci was
observed in all the laboratories, but there was vari-
ation in the results among the laboratories. The
response was highest in laboratories 1 and 8, where
many foci were observed in non-treated cultures. In
contrast, the response was lowest in laboratories 2
and 7, where few foci appeared in control cultures.

Figure 3 illustrates the data for LCA treatment in
the Bhas promotion assay. Test concentrations
ranged up to 50pg/ml. A dose-dependent response
was observed from 5 or 10pg/ml up to 20pg/ml, bub
there was one laboratory (laboratory 10) where lit-
tle response was observed at 10pg/ml. Cytotoxicity
was evident at 20pg/ml in laboratory 5, and at
50pg/ml in all the laboratories. Similarly to that
with the TPA assays, the response to LCA was
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Figure 7: Crystal violet-stained cells of mother cultures
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Inoculated at a) 6000 cellsiml; b) 10,000 cells/ml; ¢) 20,000 celis/ml; d) 40,000 cells/iml, and cultured for three days.

strongly related to the level of spontaneous trans-
formation. The response was high in laboratories 1,
3 and 11, and was low in laboratories 2, 7 and 10.

A box-whisker plot of the results with TPA is
shown in Figure 4a. The number of transformed
foci showed ‘& dose-dependent increase up tfo
50ng/ml, and then leveled off at 100ng/ml. Figure
4b shows the box-whisker plot for the LCA data.
Here again, a dose-dependent increase of trans-
formed foci was evident. .

The original protocol for the collaborative work
established three criteria for the judgement of each
transformation result: 1) a significant increase, as
indicated by Dunnett's test; 2) a significant

e
™

increase at more than two consecutive concentra-
tions; and 8) more than a three-fold increase as
compared with the solvent control.

Table 1 summarises the evaluation in each crite-
rion applied to the results for TPA from each labo-
ratory. The data from all the laboratories satisfied
all three criteria, loading positive judgements in all
cases (Table 1, column 6).

Table 2 shows the evaluation of the results for
LCA. Laboratory 10 obtained a statistically signifi-
cant increase of foci at only one concentration. The
third criterion was not satisfied in laboratories 4
and 5, although a dose-dependent increase of foci
was observed in these laboratories. Conseguently,



632

K, Ohmori et al.

Effact of mother culture inoculum

Figure 8:
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the results from these three laboratories were
judged to be equivocal according to the original cri-
teria (Table 2, column 6).

Issues raised by Stﬁdy 1

Four issues avose from the resulfs obtained in
Study iI.

1. The selection of test concentrations.

With regard to the selection of test concentrations,
the former report (14) recommended that the high-
est test concentration to be used for an L-type
chemical was that showing around 20% cytotoxic-
ity. According to the present results for LCA, it was
noteworthy that transformed foci were formed at
concentrations showing relatively high growth inhi-
bition: Figure 1lb revealed that cytotoxicity at
20pg/ml was about 30%. Thus, a concentration
exhibiting more than 80% cytotoxicity was recom-
mended as the highest test concentration.

9, Inter-laboratory variation in response.

In order to address the issue of inter-laboratory
variation, various factors influencing culture condi-
tions were examined. It was demonstrated that the
use of plates sourced from different manufacturers
had little effect (data not shown). When the
medium kept in a refrigerator for one month was
compared with freshly prepared medium, the num-
bers of foci were not significantly different. The size

D2

G

of the foci, however, was slightly smaller with the
preserved medium (data not shown), suggesting
that the use of freshly prepared medium was advis-
able. Nevertheless, the underlying reason for the
inter-laboratory variation remained unclear.
According to previous experiments of the manage-

ment team, the use of M10F medium for mother

cultures showed a tendency to induce fewer foci as
compared to the use of DF5F medium. Therefore,
the original protocol for the collaborative work
adopted the use of DFSF medium. After precise
checking of each experiment conducted in Study 11,
it became evident that laboratories 2 and 7 had
used M10F medium for the mother cultures. This
suggested that this was the cause of the low trans-
formation response in these laboratories. In the
subsequent studies, DFSF medium was required for
use with mother cultures, in order to reduce this
source of variation.

3. Difficulty in scoring foci.

The principal investigators agreed that, while
transformed cells were apparent from their
basophilic staining and spindle-shape, there were
some irregular shaped foci which made scoring dif-
ficult. The scoring of such foci as transformed was
not consistent between the laboratories. In order to
make focus counting much easier, an experiment in
which cells were cultured for longer periods was
carried out, with 3 wells per experimental condition
(Figure 5). In the original protocol (Group A), cells
were cultured for 17 days, the last three days of
which were with control medium. When culture
was continued for another four days in control
medium (Group B with medium change, and Group
C without medium change), the foci formed grew
larger and became easier to score than the foci in
Group A, although the number of foci formed
increased (Figure bb; compare the sizes and num-
ber of foci in Group A to those in Groups B and C).
When 8-week cultures (Groups B and C) were com-
pared, the number of foci was not different between
them (Figure 5c). On the basis of these results, it
was decided that the protocol should be modified to
extend the assay period to three weeks, with no
medium change during the last week (Figure 5a,
time schedule C).

4, Problems in making judgements.

Some difficulty arose in judging the results for LCA
from laboratories 4 and 5 to be equivocal (Figure 3).
In these laboratories, a statistically-significant
serial increase of focus number was observed. One
of the reasons for the judgement was related to the
number of foci in the control cultures. When the
number of foci in the control cultures was elevated,
the third criterion of the original protocol of a
three-fold increase above the control seemed too
stringent. Incidentally, two-thirds of the laborato-
ries obtained more than five foci in the control cul-
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Table 4: Evaluation of the promotion assay of various chemicals, based on two criteria

(Study IV, Figure 9 results)

1: No. of concentrations

4: No. of concentrations  Judgement based on

Compound Lab No. with significant effect showing a 2-fold increase 1+4
Progesterone 5 4 3 +
7 6 5 +
9 5 5 +
13 4 5 +
Diethylstiboestrol 6 0 0 -
7 0 0 -
9 0 0 -
13 0 0 -
Anthralin 1 1 0 *
6 0 0 -
8 1 0 b
12 0 0 -
Insulin 1 3 2 +
6 4 3 +
8 5 4 +
12 4 3 +
Catechol 3 3 3 +
4 0 0 -
10 2 4 +
14 4 3 >
Sodium 3 3 3 +
saccharin 4 3 3 +
10 4 6 +
14 5 5 +

ture. In the screening of chemicals, attention
should be paid to eliminating false negatives in the
judgement. From this consideration, the three-fold
increase requirement was reduced to & two-fold
increase requirement (giving a fourth criterion). Of
course, it remains essential that every effort be
made to maintain an appropriate number of foci in
the control cultures (see Issues raised in Study I,
below).

In addition, the second criterion of a significant
increase at consecutive concentrations posed some
difficulty. For example, although the patterns of

responses to LCA in laboratories 7 and 10 were sim-

ilar, the former result was judged to be positive,
while the latter was judged to be equivocal (Figure
3). Laboratory 10 observed a clearly significant
increase in transformed foci, but only at one con-
centration. Thus, while strict criteria are important
to avoid including incidental increases in trans-
formed foci, it is sometimes difficult in practice to
determine appropriate test concentrations within a
narrow concentration range for some types of
chemicals, Again, in order to eliminate false nega-

tives, the second criterion was not included in the
revised criteria.

Thus, although the criteria were improved, a
repeat experiment has to be considered when it is
not clear what the judgement should be. As a result
of these deliberations, the judgements in Table 2,
column 6, were revised. Column 7 represents judge-
ments made according to the revised criteria. Al
the laboratories obtained a positive result for LCA.
For the same reason, a column 7 was also added to
Table 1 (velating to TPA), indicating the effects of
basing the judgement on the first and fourth crite-
ria, although, in this case, the result was to confirm
the judgements shown in column 8.°

Bhas promotion assay with various chemicals
(Study III)

Following the modified promotion assay protocol
and the newly-adopted judgement criteria, six
chemicals were examined: megerein, 4o-phorbol,
PDD, 17B-ocestradiol, okadaic acid, and dexametha-
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Figure 9: Transformation frequencies and effects on cell growth with various chemicals

(Study IV)
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Figure 9: continued
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Figure 9: continued
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nificant point in cell growth assay compared to contro

sone. Twelve laboratories were divided into three
groups of four by using a randomised block design
based on the focus formation response in Study IL
Fach group was responsible for testing two chemi-
cals under blind conditions. Again, a randomised
block design was used for the assignment of the two
chemicals, based on the previous transformation
data (14).

The results are shown in Figure 6, and the judge-
ments made in the light of the results are sum-
marised in Table 3. All four laboratories obtained
positive results with mezerein and PDD. The
results of growth assays on both chemicals indi-
cated T-type chemicals in most of the laboratories.
4o-phorbol and 17pB-oestradiol were judged as nega-
tive in all four laboratories. In the case of okadaic
acid, three laboratories obtained positive results
and one obtained negative results. The cell growth
assays on okadaic acid indicated it to be an L-type

l; & = pol

crease in focus number in transformation assay, and sig-
int of cell death because of toxicity.

chemical. The results for dexamethasone were
divided: two laboratories obtained negative results,
while the other two obtained equivocal or positive
results. This mixed result is discussed helow.

Issues raised in Study III

Two main issues arose from Study IXI: 1) there was
a large inter-laboratory variability of focus forma-
tion in the negative control; and 2) there were
inconsistent results among the laboratories.

With regard to the first issue, the number of foci
in the negative control was over 20 per well in nine
of 24 experiments, whereas nine experiments gave
less than 10 foci per well. It was considered that
this might be related to the use of DESF medium for
the mother cultures. A clue was found in the fol-
Jowing experiment. Cells at different cell numbers
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(5-40. % 108 cells/ml) were prepared for mother cell
culture. The state of cell growth after three days is
shown in Figure 7. The growth of cells inoculated at
a lower cell density was sparse (Figure 7a), but
increased with inocula with higher cell numbers
(Figure 7b to 7d). Cells harvested from these
mother cultures were assayed for TPA promotion,
with three wells per experimental condition (Figure
8). The number of foci in negative controls was low-
est, when 5-10 x 103 cells/ml had been used in the
mother culture inocula, and increased 2-fold to 3-
fold for cells derived from higher density mother
cultures. Similarly, the number of foci in cultures
treated with TPA increased, dependent on the cell
density of mother cultures, but plateaued in assays
involving cells derived from confluent mother cul-
tures. Thus, it was apparent that focus formation
was dependent on cell density within mother cul-
tures, at the time of cell harvest and establishment
of the assay, Though the reason for this remains
unclear, it is evident that attention should be paid
to the cell numbers plated in mother cultures. For
future experiments, a decision was made to use
inocula of 1 X 104 cells/m] (a total of 1 X 105 cells
per 9cm dish) and three days of culture, before
preparing cells for use in assays.

The second issue was the inconsistency of results
among some of the laboratories. In the case of
okadaic acid, a known tumour promoter, three lab-
oratories gave positive results, but one laboratory
obtained a negative result. Making judgements
about toxic chemicals such as okadaic acid and LCA
can be difficult, and requires special attention.
Dexamethasone was judged as negative in two lab-
oratories, but laboratory 1 obtained an equivocal
result and laboratory 5 obtained a positive result. In
laboratory 1, a statistically-significant serial
increase in the number of transformed foei was
observed, but it did not satisfy the revised criterion
of a 2-fold increase, probably due to the high num-
ber of foci in the negative control culture. In labo-
ratory 5, there were significant, 2-fold increases in
transformed foci at two test concentrations, but
they were not consecutive. In this case, the number
of foci in the mnegative control culture was low.
These results suggest a need for repeat experi-
ments, when equivocal or biologically suspicious
results are obtained.

Further Bhas promotion assay on othexr
chemicals (Study IV)

Study IV was conducted following the decision fo
use a specific cell density for mother cultures (see
above). Again, twelve laboratories were divided into
three groups, and each group examined two chemi-
cals. The test chemicals were progesterone, DES,
anthralin, insulin, catechol and sodium saccharin.
The results are shown in Figure 9. This time, only

Gio
™2

two experiments obtained more than 20 trans-
formed foci per well in the negative control. The
number of experiments showing 10 to 20 foci per
well in the control was four, and there were less
than 10 focl in 18 experiments.

Table 4 summarises the judgements based on the
results. All four laboratories testing progesterone,
insulin and sodium saccharin judged these chemi-
cals to be positive. Cell growth assays identified
insulin as a T-type chemical, and progesterone and
sodium saccharin as M-type chemicals. Negative
results were obtained by all four laboratories for
DES. In the case of anthralin, two laboratories
obtained equivocal results, and the other two
judged the results to be negative. Catechol was
judged to be positive in three laboratories and neg-
ative in one laboratory.

Issues raised in Study IV, and overall
discussion

The issue raised in Study IIT concerning the high
number of foci in the. controls was markedly
improved in Study IV. Eighteen out of 24 experi-
ments gave less than 10 transformed foci per well in
the negative control culture, compared to only 9 out
of 24 in Study IT1. However, the fact that there were
two experiments with more than 20 foci per well in
the controls remains cause for concern. Clearly, vig-

Figure 10: Box-whisker plot of
transformation frequencies with
TPA in Studies 1}, Il and IV
120‘1
1004

pumber of focifwell
[s>]
<
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20+
0 Y T
I I
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[ = DMSO control; = TPA 20ngfml;
= TPA 50ng/ml.
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{lance is needed with the cell maintenance condi-
tions.

Tn the experiments in Studies III and IV, treat-
ment with 20ng/ml and 50ng/ml TPA was routinely
performed as a positive control. The negative con-
trol and the TPA-treatment deta were combined
and are shown as box-whisker plots in Figure 10,
together with Study II data. Inter-laboratory varia-
tion in results for the negative controls was consid-
erable in Study III, but much reduced in Study IV.
The responses to TPA were relatively constant and
reproducible among the three studies.

With regard to the second issue raised in relation
to Study ITI, two chemicals also produced inconsis-
tent results in Study IV (anthralin and catechol).
Nonetheless, overall, eight out of 12 chemicals in
Studies ITI and IV gave consistent results in all the
four laboratories concerned. Moreover, for two of
the other four chemicals, only one laboratory out of
four showed inconsistent results. Therefore, the
rate of consistency appears to be quite high. From
the viewpoint of practical chemical screening, how-
ever, the presence of any inconsistency is
unfavourable. The fact that both positive and nega-
tive results were obtained with okadaic acid, dex-
amethasone and catechol, poses a problem for the
reliability of this assay. This assay requires further
improvement and technical refinement.

17B-cestradiol (15) and DES (18) have been
reported to be carcinogenic in animal studies, but
there are no published studies on the tumour-pro-
moting activity of these oestrogenic chemicals. The
in vitro assay results on these chemicals in this
study were negative.

It was concluded that three different types of
chemicals showed positive promoting activity in the
Bhas assay. T-type chemicals clearly enhanced cell
growth, usually by more than 150% compared fo
growth in untreated control cultures. The T-type
chemicals were TPA, mezerein, PDD and insulin,
and they induced transformed foci at concentra-
tions exhibiting growth enhancement. LCA and
okadaic acid were classed as L-type chemicals,
which were toxic at a narrow range of concentra-
tions and induced transformed foci at concentra-
tions showing slight to 70% growth inhibition. In
the case of M-type chemicals, progesterone induced
transformed foci at test concentrations with little or-
no growth inhibition, whereas catechol and sodium
saccharin showed toxicity over a wide range of con-
centrations and induced foci at concentrations with
slight to little growth inhibition. Thus, M-type
chemicals are distinetly different from L-type chem-
icals. The further accumulation of data on many
other chemicals is necessary to consolidate this cat-
egorisation, but this approach may provide clues of
value in elucidating mechanisms of tumour promo-
tion.

Recently, Asada et al. have found that Bhas 42
cells can also detect the initiating activities of chem-

icals (17). It is obviously advantageous that this
sensitive Bhas transformation assay can detect both
initiating and promoting activities. A further inter-
laboratory collaborative study on use of the Bhas
assay for detecting both the initiating and promot.
ing activities of chemicals is now being planned.
Further developments will also include mechanistic
studies, as well as the technical transfer of the
methodology to other laboratories, and a wide range
of validation studies.
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Why don’t we use in vitro assays for quantitative risk assessment

Isao Yoshimura
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Summary

This paper discusses, from statistical viewpoint, about the methodology to examine whether substances
have threshold on tumorgenecity or genotoxicity based on experiment data. When we try to discriminate
models with threshold from those without threshold through in vivo experiment, the necessary sample size
n will be too huge to be practical. In vitro assays seem to be more promising. Current methodologies utilized
in in vitro assays, however, are not suitable for our purpose because they are involved in the determination
of the positivity/negativity of test chemicals, while the methodologies we require are those for estimating
dose-response relationships. Collaborative studies among toxicologists and statisticians are desirable to

establish reasonable methodologies.

Keywords: dose-response relationship, genotoxicity in vitro assay, statistical analysis, threshold
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A Simulation Study for a Linear Measurement
Error Model When Error Variances Vary
Between Measurements

Yasutaka CHIBA, Yutaka MATSUYAMA, Tosiya SATO, and Isao YOSHIMURA

When predicting scores in the Draize eye irritation test based on measurements of in
vitro alternative tests, we are often faced with estimating parameters in a linear measurement
error mode! with heterogeneous error variances. This article proposes a new statistical
method for parameter estimation to address this issue. The proposed method is an extension
of an earlier proposal that applied a linear measurement error model with homogeneous
error variances, to cases with heterogeneous error variances. A simulation study to examine
the performance of the proposed method was conducted in a framework that was adaptable
to the data, which was obtained in a validation study of alternative methods to animal
experiments conducted in Japan. The proposed method reduced the biases of estimates in
comparison with an ordinary regression analysis method and three other methods under the
assumption of homogeneous error variances. Although the proposed method did not fit the
real data well, the resulting prediction formula was far better than those obtained by other
methods. ‘

Key Words: Alternative method to animal experiments; Chorioallantoic membrane assay;
Draize eye irritation test; Estimating function; Functional relationship model.

1. INTRODUCTION

In the development of cosmetics, evaluation of eye irritancy caused by ingredients or
metabolites is indispensable. Although the Draize rabbit eye irritation test (Draize test)
proposed by Draize, Woodard, and Galvery (1944) has been conventionally used for this
purpose, its use has been restricted recently due to mounting concerns about cruelty to
animals. In the recent years, many methods that do not use animals have been developed
(see, e.g., OECD 1996). One such method is a chorioallantoic membrane assay by trypan
blue staining test (CAM-TB).
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An interlaboratory study to validate alternative methods including CAM-TB to the
Draize test was conducted. In the course of establishing a formula to predict Draize test
scores based on an alternative method such as the CAM-TB, a statistical issue arose. One
approach to establishing a prediction formula is to demonstrate a functional relationship
between the scores in the Draize test and the measurements in an alternative method. Each
of the paired measurements (the CAM-TB and the Draize test) was measured with error.
These measurements were governed by heterogeneous errors. This kind of problem often
arises in regression analysis with measurement error models (e.g., Fuller 1987) when error
variances are heterogeneous between measurements. This article proposes a new method
for analyzing these types of data.

- In Section 2, the data obtained from the Draize test and the CAM-TB is described.
In Section 3, we formulate the problem for analyzing these data and propose a statistical
method to solve this problem. In Section 4, we conduct a simulation study to examine
the performance of the proposed method in comparison with other methods, which do not
assume heterogeneous error variances. The simulation study was conducted in a framework
that was adaptable to the data obtained in our application. In Section 5, we analyze the data
described in Section 2. Finally, we discuss the implications of the proposed method.

2. FORMULATION OF PROBLEM

The Draize test is a test designed to predict the eye irritation potential of chemical
substances (Draize et al. 1944). The focus of this test is an assessment of observable mucosal
and epithelial effects. Test scores represent damage caused to a rabbit’s eyes on a scale from
0 to 110. See Wilhelmus (2001) for a more detailed explanation.

Several parties, including scientists and the Society for the Prevention of Cruelty to
Animals, actively criticize the use of animal experiments based on the belief that experi-
ments such as the Draize test are inhumane. Accordingly, there is growing demanding for
alternative methods to animal experiments.

The CAM-TB is a test devised as an alternative method to the Draize test (Hagino et
al. 1991, 1993, 1999). A chorioallantoic membrane (CAM) assay evaluates blood vessel
reaction and damage to the CAM of a fertilized hen’s egg. A hen’s egg is recognized as
experiment material that lies between in vivo and in vitro. Consequently, the CAM assay is
considered to be less cruel than the Draize test. :

In order to identify effective alternative methods, the Japan Cosmetic Industry Asso-
ciation (1994) conducted a validation study. In this study, the Draize test and the CAM-TB
were carried out using 36 chemical substances. For each chemical substance, three rab-
bits and five eggs were examined. The results provided three Draize test scores and five
CAM-TB measurements for each chemical substance. ‘

Figure | shows a scatterplot of the scores in the Draize test by the measurements in
the CAM-TB, where dots denote means and whiskers denote standard deviations. Figure
2 shows the mean SD plots, which show the association between means and standard
deviations for the Draize test and the CAM-TB. In the Draize test, error variances of scores
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Figure 1. Scatterplot of the Draize Test and the CAM-TB: The vertical axis is the mean score of the Draize test
and the horizontal axis is the mean of the CAM-TB, and whiskers express standard deviations.

for nonirritants or severe irritants were generally smaller than those for moderate irritants
(top of Figure 2). In the CAM-TB, error variances of measurements increase in relation to
the level of severity of irritants (bottom of Figure 2). Thus, we assume that error variance
is dependent on the mean with a certain relationship. Because scores in the Draize test
have an upper limit (110) and a lower limit (0), it is reasonable to fit a curve with sigmoid
shape. Of all the curves with sigmoid shape, we choose the logistic curve because it is
flexible and relatively easy to work with. We assume that the relationship between true
scores in the Draize test, 7, and true measurements in the CAM-TB, &, is well modeled by
the logistic curve, = 110exp (8o + £1€) / {1 + exp (By + £1€)}. These actual data are
measured with error. The principal problem of the validation study then lies in the evaluation
of predictability of the CAM-TB to the Draize test. A suitable statistical method is required
to estimate the regression parameters on a measurement error model with heterogeneous
error variances. We employ the logit transformation, n* = log {n/(110 — )}, which yields
a linear relationship, to derive a suitable statistical method. This situation is formulated as
follows.

Let (z4,2;),%2 = 1,2,...,n, denote a pair of measurements, and &;, which is treated as
a nuisance parameter, denote an unknown true value of 2;. A functional relationship exists
between z;’s and z;’s such that

x;, = &40
zi = [Po+ & +e,

where By and 3, are regression parameters, §; is the measurement error, and g; is the
disturbance term in a linear regression model. It is assumed that ¢; and €; are distributed

336



