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Abstract

The time score for 50% cell viability (50% effective time; ET50) is used as the index of skin
irritation evaluated by a three-dimensional human skin model, such as TESTSKIN™ and
Vitrolife-Skin™. ET50 is conventionally estimated by linear interpolation of measurements
at two time points, which yields cell viabilities above and below 50%. This simple method
is problematic in that biased estimates are occasionally obtained and confidence intervals
cannot be appropriately constructed.

We compared four estimation methods including a logistic regression method, a log-
time regression method, a linear regression method and a newly proposed two-stage method
through a Monte-Carlo simulation study in small sample sizes due to the experimental
restrictions. The logistic regression method provides almost unbiased estimates, although the
confidence interval for ET50 is occasionally not obtained. The log-time regression method
and the linear regression method provide positive biased estimates, although the confidence
interval for ET50 is obtained in any case. The two-stage method is reasonable, in which the
log-time regression method is adopted only if the logistic regression method cannot construct

a confidence interval for ET50.

Key words: skin irritation, human skin model, effective time 50 (ETS50), interval estimation,

two-stage method.
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Introduction

Several three-dimensional human skin models (3D skin models) such as TESTSKIN™
and Vitrolife-Skin™ have been developed for evaluating the skin irritation of test substances
(Botham, 2004, Morikawa et al., 2002, Morikawa et al., 2005, Morota. et al., 1998). The time
score for 50% cell viahility (50% effective time; ET50) is used as the index of skin irritation
(Kojima, 2005a) and conventionally estimated by linear interpolation of measurements at
two time points (Morikawa et al., 2002, Sonoda et al., 2002), which yields cell viabilities
above and below 50%. This simple method is problematic in that biased estimates are
occasionally obtained as a result of linear approximation of convex time-response curves and
confidence intervals cannot be appropriately constructed.

Due to the high cost of models and restrictions on the time schedule of experimepters,
the scale of experiments using 3D skin models is small and the time points for measurement
of cell viability are usually set at 4 time periods within 16 hours after the start of treatment
and, if necessary, at 24 hours after the start. Actually, in the validation study of Vitrolife-
Skin™ (Kojima et al., 2005b, Kojima et al., 2005¢), viabilities were measured at only 4 or 5
time points with two repetitions at each time point in each experiment. The method of data
analysis in the experiment under such restricted conditions should be carefully examined
because the lack of information tends to hinder obtaining precise estimates of ET50 or

constructing confidence intervals for ET50.

We, therefore, compared four methods of point and interval estimation including a logistic
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regression method, a log-time regression method, a linear regression method and a two-stage

method, which is newly proposed in this article, the results of which are explained in the

succeeding sections.

Methods

In this section, we explain the conventional method and the four methods for estimating

ET50.

The conventional method for estimating ET50
In the evaluation of the skin irritation using the 3D skin models, the absorbance of the
extracts at each time point is generally measured as the cell viability of a test substance as

well as a negative control and a blank. The cell viability of 3D skin models at time point <
is estimated by
s _ Ui

o= 2T YB S 100(%), (1)
Yco. — UB.

where 7;., 7c. and gp. are the mean value of the absorbance of a test substance at time 7, a
negative contlfol and a blank, respectively.

The skin irritation of the test substance is assessed by ET50 defined as the time score
for 50% cell viability. ET50 is roughly estimated from a straight line between two time
points above and below 50% cell viability on the time-response curve (Morikawa et al., 2002,

Sonoda et al., 2002).

A logistic regression method
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