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INTRODUCTION

In the last twenty years, animal experi-
mentation in  toxicology has been sup-
plemented and in some cases replaced with in
vitro methods. The new in vitro toxicology
(1-4) consists mainly of methods based on cell
and organ cultures, but includes test tube
experiments with bodily macromolecules, re-
ceptors, cell organclles and transmitters, as
well. Quantitative Structure-Activity Rela-
tionship (QSAR) prediction of human toxicity
based on physicochemical properties also be-
longs to in vitro toxicology.

The new methods have been introduced
gradually over the years, with a dillerent
impact on the various areas of toxicology. The
new methods were first introduced in mecha-
nistic and biotransformation studies—within
this field approximately 25% of toxicological
experiments are now performed in vitro. In
this field. the animal experiments point out
tesions, the causes of which are further eluci-
dated in test tubes, in which the molecular or
cellular events can be studied without disturb-
ance from the multitude of irrelevant proces-
ses which usually are present in a correspond-
ing animal expcriment.

The introduction of in vitro methods in
testing began in the early seventies as a
consequence of bacterial and cellular studies
of mutagenesis and cancer mechanisms. Pre-
ceeded by Bruce Ames Salmonclla test, sever-
al cellular short term tests on mutagenicity,
transformation and promotion, i.e. compo-
nents of carcinogenicity induced bv chemicals,
were developd, validated and accepted for
general use. The mutagenesis tests were

mechanistically based. which certainly facili-
tated . introduction. compared with an
hypothetical acceptance only based on empir-
ical correlations from validation studies.

In the last decade, a host of in vitro methods
have been dcveloped for the purpose of
testing various types of non-genetic, general
toxicity. Thesc methods are generally not
mechanistically defined. Instead cell cultures
and other biological systems in vitro are used
as “mini-mice”, i.e. used empirically to mea-
sure all types of toxicity on grounds of a
supposed similarity to human targets. One of
these developments is quite old, that is the
prediction of local irritancy of bodily im-
plants, such as plastic or metallic protheses,
dental materials, etc. by simple test systems
with cell lines (5). Most other proposed in
vitro tests have been developed recently, such
as tests for acute systemic toxicity, acute
systemic target organ toxicity (nervous sys-
tem, liver, heart, kidney. the immune system,
etc.). local irritancy (skin. eye, lung, photo-
toxicity), teratogenicity, and various toxico-
kinetic tests. For each of these purposes some
10-50 in vitro test methods have been de-
veloped, totalling 400-500 different methods

Some of these methods have rapidly been

.adopled by some industries as preliminary

sceening tools, to be evaluated by paralle! use
of the in vitro method and conventional
methods, to be ultimately accepted or re-
jected at a later stage. Thus quite many
methods for prediction of acute toxicity, eye
irritancy, phototoxicity, and teratogenicity are
just now in practical use on evaluation premis-
es (5). Cellular tests for local and systcmic
toxicity of plastic devices, etc. are in tact

— 127 —



recommended as the test of first choice in the
U.S. Pharmacopeia (6). However, the bulk of
newly developed methods are not subject to
industrial evaluation by practice, and in simi-
larity to those which are, no method has
gained a wide acceptance by industry in
general, legal authorities, or scientific com-
munity.

Why are so many in vitro methods waiting
for, but not getting general acceptance? Are
they not good enough, that is are they not
competitive with existing conventional animal
tests? Nobody knows the exact answer to
these questions. Probably the answer is rather
complex. To finalize this section of the chap-
ter, the author will try to give a tentative
explanation.

In the main, it is easy for a laboratory to
develop and propose an in vitro test for a
certain purpose (for a certain type of general
toxicity). The principle is to analyse som type
of chemical toxicity, i.e. the effect of the
chemical insult, into components such as
injury to basal functions of cells, injury to
organ-specific functions of cells, injury to
specific noncellular structres in the tissue
involved, the inflammatory reaction to injury,
and the toxicokinetics of the chemical in the
target tissue. Then, a test tube (cell culture)
test 1s constructed, either to simulate all these

factors compositely, or to simulate one factor

to become a partial test of the discussed type
of toxicity. Thus, in vitro eye irritancy tests
are either of a composite type (the CAM test)
or represent possible targets in the eye (tests
with simple cell lines for basal cytotoxicity
(19), tests with specialized cells such as
corneal epithelium, tests with a protein matrix
simulating corneal structure, tests of in-
flammatory messengers. etc).

On the contrary, it will be very difficult and
expensive for a single laboratory to prove that
the test works. i.e. is predictive of the human
toxicity aimed at. In case of cyc irritancy, the
laboratory has to prove that the test (used in
other laboratories) will predict eye irritancy in
man better than the existing Draize test, or at

least as good, for most classes of chemicals
(becausc the Draize test is used to test
unknown chemicals, for instance in nature-
derived cosmetics). This will require valida-
tion (5.7, 8), i.e. evaluation of the (technical)
reliability as well as of the relevance of the
method for the purpose aimed at, in this case
human eye irritation. If the test is a composite
method, this will probably require testing of
hundreds of carcfully selected chemicals with
(ideally) a human eye irritancy to compare in
vitro results to, plus Draize test results, to be
compared to the human toxicitics (in order to
prove that the in vitro test is as good or better
than the Draize test). The testing ought to be
blind. If a test of one component of eye
irritancy is going to be validated, the other
components must be brought into the valida-
tion process, also, as in vivo data or as other in
vitro test results. This is a “mission impossi-
ble” for most laboratories, having developed
in vitro tests. So most method developers have
performed a preliminary, small evaluation of
their methods, adapted to the real world
resources. Ten to thirty chemicals with animal
test results found in literature have been
tested and compared with the proposed test.
This will not lead the test into practical,
generally accepted use, but may lead to
further “practical” evaluation in an industry
or an entry to further evaluation by other
researchers/organisations.

Thus, the bottle-neck to implementation of
in vitro methods to test for general toxicities
of various types is probably deficient valida-
tion, caused by lack of resources of individual
laboratories. Another problem is that no good
human toxicity data exist for certain types of
general toxicity (eye irritation, teratogenicity,
etc.) which on principle makes acceptance of
non-mechanistic in vitro tests difficult. Finally,
it is important to realize that deficient valida-
tion is not the only stumbling-block to future
effective in vitro testing of general toxicity.
For many types of toxicity and toxicokinetics
there are simply no proposed in vitro tests,
such as for subchronic and chronic systemic
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toxicity, excretion of chemicals in the liver
and kidney, and so forth. There is also a lack
of in vitro tests for subtle and reversible
toxicity of various types. Stimulatory toxicity
is not represented well in vitro. As long as
important areas of toxicity are not covered by
in vitro tests, the success of validation proce-
dures cannot lead to a general replacement of
animal toxicity tests.

In the following paragraphs, performed and
ongoing validation of in vitro tests for general
toxicity will be discussed, with a focus on tests
for acute systemic toxicity, eye irritancy and
skin irritancy. Some single-laboratory valida-
tion will be discussed, since it had in some
cases put a method into practical use, or
provoked development of still better
methods. Thereafter, ongoing multicenter
validation studies will be described. Finally,
proposed multicenter validation will be re-
viewed, followed by the author’s criticism as
well as constructive proposals to a future,
effective multicenter validation.

PERFORMED SINGLE-LABORATORY VALIDATION

As a prerequisite to later discussion the
semantics of validation ought to be clarified.
The word comes from the evaluation of
genotoxic in vitro tests, and has been intro-
duced into the area ol non-genotoxic evalua-
tion by others (7, 8) to denote establishing
relevance and reliability of a test for a specific
purpose. By reliability is meant reproducibil-
ity of a test and interlaboratory variation.
While evaluation is a word for a process
aiming at, but not necessarily leading to
acceptance of a test, the word validation
somehow suggests that an absolute goal
(acceptance by regulatory authorities?) must
be rcached. In spite of that, validation is used
by most researchers as the name of a process,
specifically mcaning evaluation of in vitro
methods, but without the demand that the
process must be complete in order to reach an
absolute goal. Others (9) avoid the word, with
pretty good reasons. The author of this
chapter is not happy with the word, but will

use it as a handy, short term for evaluation of
the reliability and/or relevance of in vitro
tests, meaning a process, which may include
steps of investigations ulltimately aimed at
acceptance of a test, but which will not
guarantee acceptance-instead, multicenter
validation of 50 tests will guarantee that most
of them will fail!

The interrelation and relative importance of
the relevance and the reliability of tests are
connected with the semantics of validation. A
positive outcome of an evaluation of the
relevance of a test, performed with a large
number of chemicals, automatically implies
considerable reliability. In contrast, a very
reliable test may be useless for a purpose, due
to irrclevance. Also, most modern cytotoxic-
ity tests with objective end-point determina-
tions are reproducible and results usually do
not vary much between laboratories. On the
other hand, some of those tests have been
shown to lack relevance when scrutinized. To
summarize, relevance and reliability are of
equal importance for an acceptance of a
method, while, at the same time, validation
ought to be focused on the evaluation of
relevance. the most critical part of perform-
ance of in vitro toxicity tests. This attitude has
also been expressed in most single-laboratory
validation studies-some of them have only
evaluated relevance. having good reasons to
believe that the reliability of the method
would be sufficient, or could be made suf-
ficient, in case of a positive evaluation for
relevance.

Table 1 presents some examples ot valida-
tion of methods to test local irritancy of
muscular implants, acute systemic toxicity and
eye irritancy, performed by the laboratories
dcveloping the tests. The validation of toxicity
tests with cell lines performed against rat and
mouse LD50 data with 200 chemicals actually
represents five similar validation studies. each
performed with some 40 chemicals. Each of
these studies showed a relatively good corrcla-
tion between the in vitro test results and the
toxicity in vivo (around 70% correct predic-
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Table 1. Examples of performed single-laboratory validation

Test systems Type of toxicity No. of Specics Type of Refercnce
chemicals  comparedio  comparison

Cell line toxicity Irritation of 1013 rabbits qualitative 10.11
(Agar overlay, etc.) muscular implants (+i=)
Cell line toxicity Acute systemic 200* rat, mouse linear regression 12-16
(KB, MIT-24, etc.)
MIT-24 Acute systemic 50 human quantitative 17,19
Cell line toxicity Eye irritancy 150 rabbits rank correlation 20
(NR, Comassie Blue)
CAMand HET-CAM  Eye irritancy 250 rabbits rank correlation 21,22
Eytem'™ Eye irritancy 1500 rabbits rank correlation 23,24

KB=Kenacid Blue: MIT-24=Metabolic [nhibition Test, supplemented with microscopy after 24 h; NR=Necutral

Red uptake; CAM=Chorioallantoic membrane Test

“the total number of compounds included in five separate studies

tion), which has served to introduce such tests
for screening purposes in industry. Details of
the tests and the outcome of validation has
been described in a recent review (5).

However. this single-laboratory validation
has not won general acceptance for any of the
methods, except for the cytotoxicity tests of
local irritancy of intramuscular implants.
None of these methods has totally replaced
any animal experiments. To a certain extent
this could be due to short-comings of the
validation made.

These short-comings may be analysed by a
comparison of the studies with a set of ideal
requirements for a convincing validation
study. Such requirements have been listed in
the right column of Table 2, which also
presents lcss optimal conditions in the col-
umns to the left. Before the single-laboratory
validation is discussed, three important proce-
dures, which will determine the results of
validation studies will be outlined (upper 9
paragraphs, Table 2).

The selection of chemicals used in validation
is critical to the outcome of the study (18. 25).
A large number of chemicals. including all
rclevant classes ought to be used. The chemic-
als should not be sclected-if chemicals which
are easily tested in vitro or having a supposed
cytotoxic action in vivo are over-represented
the results will appear better than reality. If

the test is going to substitute for an in vivo test
used to test chemically unknown substances
(undefined mixtures, natural products) all
chemical classes must be represented. The
best way to secure a non-biased selection is
probably to make a random choice out of a
chemical registry (e.g. NIOSH Registry), or
similar measures. If a test is validated for
testing a restricted number of classes of
chemicals, it will probably not be of much
practical value. Another prerequisite for a
convincing validation study is to use defined
chemicals, and not proprietary mixtures or
coded industrial products. If studies are per-
formed with chemicals, testing and validation
will be possible to reproduce in other labor-
atories, and thus aquire a scientific status.
Credibility of a study will be low if results
from evaluation are published without pre-
sentation of tabulated basc data. Validation
studies without tabulated data from tests of
chemicals actually prove nothing.

The in vivo data used is a second impor-
tant factor in validation studies. Very few
studies have been published concerning the
prediction of acute human toxicity by animal
lethality tests, or the prediction by Draize's
tests of human ocular and skin irritancy
(reterenced in 18). But toxicologists generally
think that these correlations are not especially
good (70%7), due to species differences. An
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Table 2.

Steps of refinement of validation studies

Early approaches

Advanced approaches

Few chemicals (10-50)
Easily tested chemicals

Propriety formulations
Known in vivo data

[n vivo data from various pro-
tocols/literature. not suitable for
comparisons

Comparisons to animal toxicity

Qualitative comparisons {(+/—)
of in vitro and in vivo data

Correlative, empirical compari-
sons, only

Direct comparison between in
vitro and gross in vivo toxicity

One method validated in de-

Larger number of chemicals,
various classes

Some water-insoluble, volatile,
etc. chemicals

Defined chemicals
Blind in vivo data

In vivo data from various pro-
tocols, suited to comparisons

Comparisons to human toxicity

Semiquantitative comparisons
(Rank correlation)

Correlative approach, and ad
hoc analysis of outliers

In vitro results, plus known data

on other toxicity or toxicokine-
tics compared to gross in vivo
toxicity

Multilaboratory reliability stu-
dies of the test, also (Round

Large numbcr (200), all re-
levant classes

Non-selected chemicals

High purity chemicals
Coded substanccs

Suitable in vivo data from the
same protocol-designed ex-
periments

Comparisons to human toxic-
ity, plus parallel comparisons
of animal and human toxicity

Quantitative lincar compari-
sons

Correlation. plus predeter-
mined qualitative analysis
{mechanisms, toxicokinetics,
ele.)

In vitro results. plus sup-
plementary data compared as
complete models to gross
toxicity

Multilaboratory relevance
studics of the test, also

veloping laboratory ¢
Robin)

Centrally operated multicenter
validation of a few methods
toxicity

Multicenter validation to select
the best test for a purpose

analysis)

Such validation of many
methods for a certain type of

Multicenter validation to select
the best combination of tests for
a purpose (multivariate

Such validation for an unli-
mited number of methods
(contest) for many purposcs

Multicenter validation to
select a minimal number of
tests to be differently com-
bined to predict various types
of toxicity

idcal validation trying to lead in vitro tests into
practical use as predictors of human toxicity,
replacing animal tests, would therefore use
human toxicity. data as the sole reference.
Every effort should be done to make such
data available or standardized from scattered
data of uneven quality. Otherwise every in
vitro method would be less good than the
corresponding animal experiment, going to be
replaced. If animal results are used as refer-
ence, the lack of precision of the animal
method will just be added to the inevitable
lack of precision (in predicting animal toxic-
ity) of the in vitro method. The species gap
would thus be unnecessarily introduced in the

new in vitro tests. Animal data should instead
by used in validation to be compared to the
human data of the chemicals used in the
study, to establish a baseline for judging if in
vitro tests are better or worse than the animal
results (5). This is indeed validation of animal
tests, paradoxically enforced on in vitro cyto-
toxicologists!

Good human in vivo data may be generated
by testing on volunteers of some types of
toxicity, such as skin and eye toxicity. The
tests should produce dose-responsce curves for
fixed end-points. In the case of eye irritancy.
testing can only include a minimal response.

The third important procedure in validation
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is the method to compare in vitro and in vivo
data. In validation of the mechanistic
mutagenicity tests a qualitative in vitrolin vivo
comparison (+/—) was considered to be suf-
ficient, or rather, it was difficult to establish a
quantitative in vitrolin vivo relationship.
However, all in vitro tests of general toxicity
are quantitative, and above all, are thought to
directly simulate quantitative intcractions be-
tween chemicals and cells (receptors, macro-
molecules, etc.) in the body. The tests there-
fore ought to be quantitatively validated by
linear regression analysis or similar methods
(5). This analysis must take into consideration
different mechanisms, targets and toxicokine-
tics of outliers. [n this analysis of outliers, ad
hoc explanations should be avoided-if possi-
ble, cathegorisation of outliers should be
included in the design of the validation prog-
ramme. Technically, linear analysis requires
exact toxicity data without cut-off results.
Most validation studies performed up to
date compare the results of in vitro toxicity
tests directly with a type of human toxicity
such as acute systemic toxicity and skin or eye
irritancy. At the same time, most tests have
been developed to account of only one of
many interactions involved in the gross toxic
etfect in man, including toxicity to targets not
measured by the test, and toxicokinetics
(absorption, metabolism. distribution and ex-
cretion for systemic toxicity or elimination
from the site in case of local toxicity). Com-
parison of the results from a single test with
gross toxicity in man may only determine the
degree of influence or part taken by the tested
toxicity in gross toxicity, if this determination
is not obscured by toxicokinetics. This type of
validation will discard tests measuring a re-
latively rare effect, and, further, cannot discri-
minate between important supplementary
tests and such tests with the same information
as other tests. Comparisons of test results to
doses to whole animals, whether local or
systemically, instead of comparisons to tissue
concentrations must result in errors, which
can be corrected if toxicokinetic data are

interpolated in the comparison.

It is therfore desirable to compare in vitro
toxicity test results, plus toxicity and toxico-
kinetics not measured by the test, with in vivo
toxicity. A historical example may illustrate
this: Some early studies did compare cell
toxicity and animal LD50 and found a re-
latively good correlation, indicating influence
of cell toxicity on rodent lethality (referenced
in 15). Simply by introducing two factors not
accounted for by the cytotoxicity tests, i.e. A.
Known non-cytotoxic lethal action of some
compounds, and B. The passage of the blood-
brain barrier of other compounds, into the
same type of cytotoxicity tests/LD50 compari-
sons, the author could preliminary show a
relevance of the cytotoxicity test results for
most ocmpounds (15). Maybe, that the diffe-
rent in vitro toxicity/eye irritancy correlations
for different classes of chemicals will turn out
to be a toxicokinetic phenomenon, possible to
eliminate by addition of toxicokinetic in-
formation to test batteries, such as tests for
absorption and elimination rates?

Let us now look at the validation studies
examplified in Table 1. [t is clear that these
pioneer studies do not fulfill all the discussed
criteria of optimal validation. In case of
selection of chemicals, most studies, except
the various acute systemic toxicity validation
studies (12-17) have used many comounds.
However, in some of the studies the numbers
represent products and materials, that are
impossible to request for retesting, and for
some studies all raw data have not been
presented (22, 24). Concerning the in vivo
data, most studies used animal data. Im-
plantation of materials in rabbits will only give
a semi-quantitative response, which explains
the qualitative comparison. The Draize test
scores validated against in the eye irritancy
studies are composites of subjective semi-
quantitative scores, not suited for validation
purposes. Blind testing has been performed
only in some of the studies (14, 20, 21, 24).
Concerning the methods of comparison, the
Draize test data, in similarity to the local
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implantation data, will only permit rank cor-
relations. Some of the in vitro tests are also
scored similarily (10, 21, 22) which also makes
the linear correlation approach difficult. All
studies except onc (17) compared the in vitro
test result directly with dose-defined, gross
animal toxicity.

How was reliability of tests validated in the
discussed studies? In some of the more ambi-
tious studies reliability was studied, with use
of coded substances (22, 24). Other studies
evaluated relevance of methods, which in
validation by the same laboratory had been
subject to multilaboratory evaluation of re-
liability, such as the kenacid Blue (KB)
method (14) and Agar overlay test (10).

Remaining studies did not include reliability

evaluation. This is not surprising, since re-
liability and relevance very well may be
studied separately, without an obligatory cou-
pling to the same study.

Recently, the practical and economical
advantages of centrally organized multila-
boratory validation programs has diminished
the interest in performing single-laboratory
studies. However, both types of validation are
based on the same discussed principles. Fu-
ture single-laboratory validation will certainly
be competitive to multi-laboratory validation,
due to its comparatively higher flexicility.
Well done single-laboratory validation should
be as acceptable to regulatory authorities as
the corresponding multi-laboratory valida-
tion. Single-laboratory validation may also be
developed by simple measures such as litera-
ture data or collaboration of two or a few
laboratories with an interest in the same
specialized area.

ORGANIZED MULTI-LABORATORY VALIDATION

As suggested by some researches in the
carly 1980s (19, 26), there are several advan-
tages with organized collaborative validation
efforts, compared to single-laboratory studies.
Such multicenter validation is a further de-
velopment of the multilaboratory evaluation
of the reliability of isolated methods, per-

formed already in the 1960s, and will in its
present form consist of centrally directed
testing of the same reference chemicals in
many test systems/laboratories, with the pur-
pose to evaluate both relevance and reliability
of methods. There are several types of such
studies, which may be cathegorized as stages
between single-laboratory validation and mul-
ti-laboratory validation of all possible
methods for all types of replacement purposes
(illustrated in the lower 3 paragraphs in Table
2). Thus the development of multicenter
validation is concieved as analogous to de-
velopment of other important aspects of
validation, such as improvement of selection
of chemicals, reference in vivo data and the
methods of correlation.

Some advantages with multicenter prog-
rams over single-laboratory validation may be
listed.

1. Evaluation of reliability of methods can
be performed in direct connection with
the evaluation of relevance.

2. The credibility of results will increase,
compared with single-laboratory valida-

- tion, if an independent group, not in-
volved in assay development, has
selected the chemicals.

3. Multilaboratory validation is consider-
ably more economical (feasible) than
single-laboratory studies because efforts
(expenses) to select chemicals and in vivo
data, including the planning and execu-
tion of comparisons, can be made once
for all, i.e. are “shared” by laboratories
(18).

4. Once the procedures for validation of
relevance have been determined, an unli-
mited number of methods may be vali-
dated, by use of computer techniques.
Thus, no potentially valuable method has
to be excluded from validation.

5. Only a multicenter study may directly
validate  predictivity of  combined
methods, for instance by computerized
multivariate analysis.
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6. Only a multi-laboratory program can
effectively use models of various tvpes of
human toxicity (based on knowledge of
the most critical targets for toxicity,
mechanisms of toxicity and key toxico-
kinetic data) and thus evaluate various
incoming data as possible parts of these
models.

7. If incoming in vitro data are numerous
and varied, several types of toxicity
(acute systemic, eye and skin irritancy,
teratogenicity, etc.) could be tried to be
modeled in the program. As a result,
some of the in vitro results may be shown
to be predictive in several models. Thus,
a minimal number of different in vitro
tests able to predict various types of
human toxicity could be defined, which
would make future in vitro toxicity testing
economical. Such validation can neither
be performed by single-laboratory stu-
dies, nor by multi-laboratory studies
focusing on one type of toxicity.

8. The testing of the same set of reference
chemicals in many in vitro toxicity tests
(different targets, different toxicity
criteria). included in a multi-laboratory
program, will result in comparisons of in
vitro results. Differential cytotoxicity stu-
dies (38, 39) may be performed on a large
scale, for instance. Such comparisons are
not in vitrolin vivo validation, but will
probably contribute much to the under-
standing and development of in vitro
toxicology.

In recent years, several centers and orga-
nisations have begun to organize multi-
laboratory validation studies. This is a result
of many factors: A. Recognition of validation
as a bottle-neck to the practical introduction
of ethical, economical and target-related in
vitro methods in toxicity testing; B. Recogni-
tion of the advantages of multi-laboratory
validation; and C. In some cases socio-
political pressure to introduce non-animal
alternatives to specific tests, such as Draize

eye irritancy test. Table 3 presents ongoing
multilboratory validation studics. Most of
them have been described briefly in a recent
review (5).

As one would expect from newly started,
centrally organized, second-generation valida-
tion studies, the methods to sclect chemicals,
in vivo data, and correlation strategies (Table
2) are generally more efined in the multi-
laboratory programs (Table 3), compared to
the single-laboratory studies discussed pre-
viously. Since most of these studies, except for
the ZEBET program (35), are intended to be
pre-evaluation studies rather than full-fledged
validation, the number of chemicals included
at this stage is usually small. however, gener-
ally thhemical classes tested have been consi-
dered more, and the tests are performed with
coded chemicals (the MEIC study is an
exception; 25). The animal data compared
with have generally been better defined, in
some cases newly generated for this purpose
(9, 27). human data are used by several
studies. The correlative approach is limited by
the Draize test data ompared to in all eye
irritancy studies and consists of rank correla-
tions, in the CTFA study replaced by a refined
“concordance analysis™ and linear regression
(9). In FRAME and MEIC studies linear
regression was used, in the latter study sup-
plemented by predetermined analysis of out-
liers, plus the use of simple toxicokinetic
modelling (25, 40). Two studies have been
more centered around reliability evaluation
and comparisons of in vitro data, than on
evaluation against in vivo data for relevance
(26, 34). Of the 150 FRAME chemicals
selected only 56 were evaluated for relevance
against rodent Ld50 (14). Instead. these stu-
dies have reached interesting conclusions
from the in vitrolin vitro comparisons.

A look at the number of methods in Table 3
reveals that there are indeed two types of
multi-labooratory validation studies.

The first type of studies focuses on the
evaluation of reliability of a few (often two)
methods, which then are uscd in scveral
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Table 3. Ongoing multi-laboratory validation programmes

Organisation Type of Start, No. of No.of  Species Reference
toxicity year chemicals methods compared
(labs.)* to

FRAME U K. Fund for Replace-  acute syst., eye 1982 150/56 6 mouse, rat  14,26-31
ment of Amimals in irritancy
Medical Experiments

MEIC Scandinavian Society of  acute syst., 1987 50 200%* man 5.25
Cell Toxicology skin, etc.

MRES  French Ministry of Re-  liver 1989** 30 2(6) rodent, man 32
search

SDA U S. Soap and Detergent eye 1988 23 14 rabbit 33
Association irritancy

CFTA U.S. Cosmetics, Fra- ! 1990 10+10 23** rabbit 9
gances and Toiletries
Association

EC Commission of European " 1989 21 5 rabbit 34
communities

ZEBET  German Ministry of " 14989 354200 2(33) rabbit, man 35
Health

OPAL A French organisation for " 1990+ 40 2 rabbit 36
Assistence to Laboratory
Animals

JSAAE  Japan Society for " 1990 52 2 rabbit 37

Alternatives to Animal
experiments

"number of laboratories used to evaluate inter-laboratory reproducibility

**Programs still open for new methods
“*Completed 1991

laboratories to test the reference chemicals
(26, 27, 32, 34-37). All such studies with few
methods have also evaluated relevance of
tests by in vitro/in vivo comparisons, but to a
various extent, depending on variation of the
quality of in vivo data and the number of
chemicals with in vivo data relative to the total
number of chemicals used in the reliability
study. In general. these reliability-focused
multi-laboratory studies of a few methods
represent a relatively primitive approach to
evaluate relevance, i.e. in similarity to single-
laboratory validation these methods can only
evaluate tests as single predictors of in vivo
toxicity. Prediction of a test as measured in
one study will thus be difficult to compare
with prediction of other tests, as measured in
other similar studies, previously. Performed
single-laboratory validation has been criti-
cized for being able to lead to acceptance of
methods too early. before other, potentially
more valuable methods have been pointed out
by contest-type validation (5). The same

criticism holds also for multi-laboratory
validation of a few methods. Since the rele-
vance of a method is in no way predicted by
the realiability, the focusing of the above
described studies on rcliability evaluation
does not seem to be rational and economic,
either. Resources are used to sort out tech-
nically reliable tests, which at a later stage, in
competition with other tests, may turn out to
have low relevance.

Some of the studies in Table 3 validate a
higher number of methods, however, and
sharc other similar characteristics (9, 25, 28,
33). Although these studies do not neglect the
reliability evaluation, they are primarily con-
cerned with evaluation of relevance of many
methods at the same time, and may be called
relevance-focused muldti-laboratory studies of
multiple methods, always introducing an ele-
ment of contest or competition between
methods. Within the group, the multiple-
method approaches vary. Such studies could
be wholly dependent on testing by laborator-
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ies that develop or use the test, and just

consist of listing chemicals to be tested by the
laboratories (MEIC; 25) or a distribution of
coded chemicals to such laboratories
(FRAME; 28). On the other hand such
studies can be done in contract laboratories,
without connection with developing labor-
atories (32-36). The studies may be classified
as open contests, if any relevant method has
access to the competition (9, 25), or closed
studies, if the organisation directing the study
does nothing to invite developers/uses of tests.
Also some actual programmes seem to have
traits of both reliability-focused/few methods
and relevance-focused/multiple-method vali-
dation (28, 34).

The CFTA and MEIC programmes are the
most typical multiple-method programmes
examplified in Table 3. Therefore, basic fea-
tures of these programs will be decribed.

The CTFA program is a preliminary evalua-
tion of local eye irritancy prediction of 23
methods. Evaluation is made with Draize test
data from the same protocol, determined
directly for the purpose. Different classes of
chemicals and formulations of interest to the
cosmetic industry are used for a step-wise
evaluation. The first phase evaluates a series
of hydro-alcoholic formulations, a second
phase a series of oil-water cmulsions, and so
on. Tests not predicting the first type of
substances well are not excluded from subse-
quent testing (9).

The MEIC program is a validation of
around 200 methods with 50 chemicals. The
chemicals all have human data on acute
systemic toxicity and corresponding animal
data, and will with time also get data from
human volunteer testing of local irritancy. All
in vitro methods with a possible relevance to
various types of human gencral toxicity, as
judged by participating laboratories, will be
evaluated. Further, all incoming results from
the volunteer laboratories will be evaluated
for their combined relevance to all types of
toxicity studied (acute systemic, chronic syste-
mic, and local skin toxicities, plus various

systemic target organ toxicities, as a mini-
mum). Prediction of the human data by
animal test results will be a baseline for
judging the efficiency of in vitro prediction of
the human toxicity. MEIC uses a stepwise
evaluation process of 3 phases (I-chemicals
nos. 1-10, II- nos. 11-30, III- nos. 31-50) (5,
25).

Only the multiple-method, multi-laboratory
programs. in sharp contrast to both single-
laboratory and reliability-focused  multi-
laboratory programs, will benefit from all
previously listed advantages (page 7-8). The
multiple-method studies may also incorporate
most of the advanced aspects of validation,
listed in the right column in Table 2. Before
the discussion of multicenter validation is
ended, one important improvement of the
multimethod validation strategy ought to be
discussed, with the CTFA and MEIC studies
taken as examples.

The CTFA study validates specific tests for
a certain purpose, i.e. tests developed to
predict eye irritancy. Being multilaboratory,
the program may evaluate directly the best
combination of tests (whch is not the same as
the best combination of the well correlated
tests). It may also evaluate tests as partial
predictors, along with other partial toxicity
and toxicokinetic data, including tests which
fit toxicokinetic modelling of eye toxicity.
But, since its was focused on one type of
toxicty only, the study may not incorporate in
vitro tests developed for other purposes in the
models (acute systemic, skin, and teratogenic
toxicity, for instance) since they have not been
included in the programme (discarded initially
duc to presumed irrelevance). Thus, the study
cannot contribute to a future in vitro toxicity
testing which is employing a minimal number
of tests for modelling various types of human
toxicity. Instead, the MEIC study will be able
to investigate if this futuristic approach may
be possible, by the use of a variety of in vitro
tests as well as trials to model several types of
toxicity from these tests. This advantage of
the MEIC study is not just theoretical. In fact,
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many in vitro tests developed today can be
imagined to be used in models of most types
of general toxicity, together with tests of
toxicity to specific targets. Such tests include
basal cytotoxicity tests, protein-denaturating
tests, several physico-chemical data, tests on
metabolism and distribution of chemicals,
such as epithelial passage. etc. —It could even
be speculated, that modeling of diverse types
of toxicity (skin and eye irritancy, for inst-
ance) is perhaps more depending on the
relative tuning of the same set of tests, than
radically different tests in the sets.

It is very important that validation in the
future shall not be hampered or frustrated by
rigid theoretical considerations of the best
way to validate. The tabulation of steps of
refinement in Table 2, as well as the com-
ments have been made to stimulate thinking,
and not to make the reader believe in general-
ly appliciable rules. Probably effective future
validation will need studies on all levels
discussed  (single-laboratory,  reliability-
orientated multi-laboratory, and multiple-
method multi-laboratory) used in concert.
Methods could, for instance be evaluated for
reliability in some programs, and at the same
time be evaluated for specific or general
relevance in other programs (5).—Just to
discourage a strict interpretation of Table 2, it
could for instance be pointed out that the
listed advances in selection of chemicals,
choice of in vivo data and demands on
correlative mcthods are contradictory, and
cannot be combined in most cases. Thus
human data on systemic toxicity are not
compatible with a refined selection of chemic-
als. Neither are certain human eye irritancy
data (splash in the eye) compatible with linear
evaluation.

PROPOSED VALIDATION

With time, so many proposed in vitro
toxicity tests have heaped up without reaching
general acceptance, due mainly to the “mis-
sion impossible” characteristics of single-
laboratory validation. This has stimulated in

vitro toxicologists to discuss possible ways to
cope with the problems, i.e. to organize
multi-laboratory validation programs. This
has not only been the concern for in vitro
toxicologists. Also animal rightists, industry
and governmental agencies, including bureaus
of OECD and EC are engaged in the possibili-
tics to promote in vitro toxicity tests by
organized, well-planned studies. Some orga-
nisations, such as FRAME (Fund for Re-
placement of Animals in Medical Experi-
ments, England), CAAT (Center for Alterna-
tives to Animal Testing, Baltimore, U.S.A.)
and ERGATT (European Research Group
for Alternatives to Animal Testing) have
relayed impulses from the different sources
mentioned into proposals for future mul-
ticentre validation. Such proposed program-
mes has been discussed in a recent review (5).
The first proposed multicenter programmes
were outlined by FRAME (26, 28). Then
CAAT arranged special conferences on
validation, including another proposal for
organized validation (41, 42 and 7). Later,
CAAT and the ERGATT group, in collabora-
tion with FRAME, arranged a consensus
conference on validation, the result of which
was guidelines for validation of toxicity tests,
presented as “scientific validation” (8). The
CAAT/ERGATT conference was somewhat
later followed up by a ERGATT/CEC (Com-
mission of the European Communities) con-
ference on acceptance of validated tests (43).

Except for a proposal for a relevance-
focused,  straightforward  multi-method
approach to validate eye irritancy (44), refer-
red to in a recent review (5), no other than the
above-mentioned proposals have been made.
Since the CAAT/ERGATT report represents
thc most recent consensus reached by the
researchers involved in earlier proposals, it
will be discussed here, to supplement the
discussion of on-going multi-laboratory prog-
rammes.

The CAAT/ERGATT document is stated
to be an authoritative report or guidelines for
validating any type of in vitro tests, including
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genetic and non-genetic tests (8).

The “scientific validation” process was out-
lined by the workshop to consist of four
stages: 1. Intralaboratory assessment to evalu-
ate reproducibility and preliminary relevance
with use of 5-10+20-50 compounds, in the
laboratory of origin. 2. Interlaboratory assess-
ment to evaluate inter-laboratory variation
and reproducibility. with use of 5-10+10-20
substances, in at least but probably not more
than 4 laboratories. 3. Test database develop-
ment, to evaluate relevance. with use of
200-250 chemicals, tested in a small number
of laboratories. 4. Evaluation. Both evalua-
tion of performance of single tests and tests as
parts of batteries are made. All substances are
tested blind (coded). Tests are sclected to be
included in the process by judgement of their
appropriateness for solving given problems-
also the need for a test in relation to the
availability of other tests must have been
demonstrated. Tests are rejected from the
process 1. if they fail in the intralaboratory
assessment (<70% reproducibility) and 2. if
they fail in the interlaboratory assessment
(<70-80% interlaboratory reproducibility).

Further, “scientific validation” studies
should have descriptors: 1. Level of toxicolo-
gical assessment (four levels: A. Toxic poten-
tial; B. Toxic potency, C. Hazard: and D.
Risk to specific populations); and 2. The
required testing activity (three levels: A.
Screening tests; B: Adjunct tests; and C.
Replacement tests). These descriptors (of
studies as well as tests) were thought to be
decisive for selection of tests to a study. Also,
these descriptors would influence the stringen-
cy of the criteria of test performance. Thus,
screening of potential toxicity might be made
with less relevant tests, than. for example, the
replacement of an animal test for risk evalua-
tion (A/A and D/C levels. respectively). The
proposal discussed the three vital parts of any
validation study, i.e. selection of chemicals,
the choice of in vivo reference data. and the
mcthods of comparisons. Not much was said
about chemical selection, other than the

recommendation to define structures of the
chemicals used in the study, so that validated
tests, when used. will not be presumed to be
valid for chemicals structures not included in
the validation.

Concerning in vivo data, the ideal use of
human data was acknowledged. This having
been said, use of animal data was considered
fully compatible with the proposal.

Concerning methods for validating reliabil-
ity, qualitative, stochastic methods were dis-
cussed, without any attempts to defince
methods capable of evaluation cytotoxic dose-
response. Likewise, the methods to evaluate
relevance were based on binary classitication
schemes, without any discussion of how to
deal with continous responses. Scrutiny of a
close mechanistic relationship between in
vitro tests and in vivo toxicily was recom-
mended, but no methods to perform such a
scrutiny were defined. Battery selection was
described, based on pure statistical methods,
such as Bayesian approaches based on already
validated isolated tests, as well as multivariate
regression analysis. Modeclling of in vivo
toxicity by use of combined toxicity and
toxicokinetic data or other hard modeclling
with combined in vitro data (40) were not
included in the proposed process.

A unique feature of the proposed validation
was the claim that the process itself (the
described measures taken) would be able to
“certify” tests as valid, in an absolute sense.
This was thought to be attained by use of the
discussed descriptors. Another typical feature
is that the process is not an open competition
type of validation, but rather reminds of a
panel controlled, closed machinery to produce
“certified” tests.

The “scientific validation™ proposed scems
to be a reliability-focused multicenter valida-
tion, quite similar to the on-going programs ot
that type described in Table 3 (34-37). As
such, it may reject potentially relevant tests at
an early stage, duc to a low reliability of the
test at the stage of development validated.
Also, reliable, but potentially irrelevant and
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redundant methods (in retrospect) will be
included in a complete data base develop-
ment, at high costs. Potentially relevant
methods may even by prohibited from enter-
ing the process, by prejudgement based on
questionable hypotheses.

When it comes to chemical selection, the
choice of in vivo data and the evaluation
methods, the process is non-sophisticated.
Validation of tests for certain classes of
chemicals will probably lead to tests with a
low appliciability and acceptance. Also, the
use of animal reference data and the binary
comparisons of data will lead to a very limited
usefulness of validated tests. As discussed
before, such tests are almost guaranteed to be
less good than the corresponding conventional
antimal test, when it comes to predict human
toxicity (addition of the lack of precision of 1.
prediction of animal toxicity by the test in
vitro, and 2. prediction of human toxicity by
the animal test, validated against).

The presentation of a relatively common-
place validation programme as “scientific”
validation is disputable. The term pretends a
special, authoritative status for the CAAT/
ERGATT proposal, compared to other
validation efforts made or going to be made.
In fact, some ongoing programs are probably
scientifically more advanced than the CAAT/
ERGATT proposal, such as the relevance-
focused multicenter programs. Equally dis-
putable is the claim that the CAAT/ERGATT
process is able to certify tests as validated, and
ready for legal acceptance. No such claims can
be made for the results of any validation
program, or at least will not be taken seriously
by prudent legislators, who themselves have
to certify tests, based on their own expertise
and judgement of the results of the outcome
of all availablc validation éfforts, including
many other pieces of information.

It is important for future progress of in vitro
toxicity testing that the validation process is
not defined, but considered, in similarity to
method development, to be a continous prog-
ress towards of better strategies to evaluate

new tests. As in the case of method develop-
ment, no organisation should be able to
control or monopolize validation, even if
organized action is needed in the field. It is
thus important that the much needed, planned
chemical data banks for validation purposes
(18) as well as the functioning and planned in
vitro toxicity data banks are administered by
independent (governmental ?) bodies, free
from vested interests, and that their services
are tailored to suit all parties, including
individual scientists.

FUTURE PERSPECTIVES

Bascd on practical use of results of in vitro
cytotoxicity tests, the author believes that
toxicity testing in a foreseeable future (10-20
years) will be regularily performed in cell
cultures and test tubes, rather than in animals.
This will not exclude that some future testing
for specific purposes will have to be per-
formed in animals. Furthermore, such test
tube testing will be more predictive of human
toxicity than the animal tests. If this belief is
going to be realized, it is not the first time in
history when ethical and scientific achieve-
ments have joined-think of the replacement of
human and animal slavery by machines in the
19th century.

If the prophecy is true, this development
would be the result of many new types of in
vitro toxicity and toxicokinetic tests. Also,
these, and some of the present tests, would
have been validated in refined programs.
Probably many of the validation studies would
have been relevance-focused multicenter stu-
dies using human data (which can be obtained
if we try hard enough). These studies would
probably have included multifactorial modell-
ing of many in vitro data to account of human
toxicity, including computerized physiological
kinetic modelling. The computer, fed by the
results from test tubes, would thus parallel the
experimental animal of today! At the same
time, the gradual acceptance of new in vitro
mcthods would not only depend on formal
validation programmes. It may very well be
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that the parallel experience in various indust-
rial laboratories of in vitro and in vivo
methods, with time will convert most toxico-
logists to in vitro toxicologists. Finally, let us
hope that such a development, if ever
achieved, would not have been dependent on
purely political or societal attempts to stop
animal tests at a time when they still offered
better hazard protection than the developing
test tube toxicology.
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