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Abstract-In order that a proposal for an alternative to an animal test be developed as an internationally 
accepted guideline, there needs to be consensus on the validity of the method proposed. Over the years, 
considerable attempts have been made to ‘validate’ promising alternatives. Probably without exception, 
these validation programmes demanded considerable budgets whereas the high expectations as to the 
output, which would justify the costs involved, were hardly ever met. What went wrong? Obviously, as 
for each new animal test, each new alternative to an animal test should be subjected to a critical appraisal 
procedure involving its scientific justification, its sensitivity and its reproducibility, before it could be 
internationally acceptable. Although there may he differences of opinion on the extent of this exercise, 
there is considerable agreement that validation in one way or another is essential. None the less, validation 
programmes so far have not resulted in the broad acceptance of any alternative test method. There may 
be two reasons for this failure. First, the results of the validation studies may have been unsatisfactory, 
which could mean that either the method subjected to validation failed to show the desired relevance and 
reliability, or the validation study as such yielded inconclusive results. Secondly, despite clear-cut 
(supporting) results from the validation exercise, toxicologists/regulators appear reluctant actually to use 
the data provided for hazard and risk assessment procedures because of a lack of confidence with the 
(types of) endpoints of the new test. The latter in particular can be considered a major hurdle in the process 
of acceptance of alternative tests. Therefore, an independent and objective review of any new test, with 
a view to its usefulness as a contribution to the set of data essential for hazard characterization and risk 
assessment, should be considered the first step of any comprehensive validation project. Further, the 
establishment of international centres such as the Johns Hopkins Center for Alternatives to Animal 
Testing (CAAT) and the European Centre for the Validation of Alternative Methods (ECVAM) where 
scientists, including regulators, can meet and discuss strategies not only for validation but also for the 
use of alternative methods in risk assessment, is considered essential for a good understanding of the 
relevance of the new in vitro, toxicity tests. 

In order to enable regulatory authorities to make 

balanced decisions regarding acceptable risks of 

chemical exposure it is necessary to have comprehen- 

sive assessments of effects and exposure. The first step 

of the process of risk assessment is that of hazard 
characterization. This is where the toxicologist steps 

in: it is his task to provide decision-makers and the 
public with the scientifically most accurate estimates 

of all adverse effects that may occur after exposure 

to the chemical of concern. Today, the most useful 
contributions to hazard characterization are still pro- 
vided by animal studies. In the early 196Os, when 

toxicology was still in its infancy, the set of animal 

studies comprised no more than a few acute toxicity 

*The opinions presented in this paper do not necessarily 
represent the opinions of the OECD or its Member 
countries and should therefore be. viewed as those of the 
author. 

Abbreviations: CAAT = Center for Alternatives to Animal 
Testing: ECVAM = Euronean Centre for the Validation 
of Alternative Method; NOAEL = no-observed-ad- 
verse-effect level; OECD = Organisation for Economic 
Cooperation and Development. 

tests (most notably LD,, estimations) and repeated- 
dose toxicity studies (normally 4wk to 3 months). 
Since then, in addition to comprehensive systemic 
toxicity studies, numerous sophisticated animal stud- 
ies focusing on endpoints such as neurotoxicity, 
developmental toxicity, immunotoxicity and genetic 
toxicity have been added. A number of these studies 
may be used for in-depth investigation, as appropri- 
ate; others, however, are ‘add-on’s’ to the standard 
sets of data requirements. Although all these studies 

have contributed-and continue to contribute-to 
increasingly reliable risk assessments, there is by no 
means international consensus on the interpretation 
and evaluation of these tests. A striking example of 
this lack of consensus is the variety of classification 
systems that exists worldwide to classify chemicals 

according to their acute toxicity (Diener et al., 1994). 
Since these systems use different cut-off values (see 
Table l), a chemical considered toxic under one 
system may well be considered only harmful in 
another. 

Unfortunately, a similarly illustrative scheme could 

be drawn up showing differences between current 
classification systems based on eye irritation. In ad- 
dition, examples of differences in interpretation 
of animal studies could be given for reproduction 
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and developmental toxicity: even evaluation of 
the same study by different regulators sometimes 
results in different no-observed-adverse-effect levels 
(NOAELs). Nevertheless, despite these differences of 
interpretation and evaluation of study results, current 
risk assessment and risk management procedures 
appear to be effective. Whereas assessment of individ- 
ual studies may lead to different conclusions, appar- 
ently, the normally available animal studies together 
provide sufficient information for a reliable toxicity 
profile and differences in interpretation do not really 
affect the overall assessment. Alternatively, it may 
well be that the safety/uncertainty factors applied are 
sufficiently large to allow not only for the uncertain- 
ties in extrapolation from animals to humans but also 
for the deficiencies in available studies. Admittedly, 
neither possibility is avowedly scientific or even soph- 
isticated and, consequently, improvement of current 
practices may be pursued. The key questions are, 
then, what should be considered sufficient infor- 
mation for hazard/risk assessment, and whether it is 
necessary that this information should essentially 
derive from animal studies. 

how animal use could be reduced. Options that are 
routinely considered include the adoption of 
sequential approaches to testing, the inclusion of 
alternative tests when severe adverse effects are ex- 
pected, and the requirements to provide other rel- 
evant (mostly physicochemical) information that 
could render the animal study unnecessary. In ad- 
dition, the number of animals recommended as the 
absolute minimum for a given study is given marked 
attention during the discussions of Member 
countries’ national experts on proposals for new or 
updated guidelines. 

Alternatives to animal studies 

In 1982, the Organisation for Economic Co- 
operation and Development (OECD) officially stated: 
“the welfare of laboratory animals is important; it 
will continue to be an important factor influencing 
the work in the OECD Chemicals Programme”. It 
was further declared that “every effort should be 
made to discover, develop and validate alternative 
testing systems”. Since then, during the development 
of new OECD Test Guidelines and the updating 
of existing ones, there is considerable discussion of 

In 1993, the OECD published a guidance docu- 
ment on the development of OECD Test Guidelines 
(OECD, 1993). In this document it is stipulated that 
any OECD Test Guideline proposal, be it an animal 
study or an alternative test, should (a) properly 
address the endpoints concerned, (b) have undergone 
a critical appraisal concerning its scientific justifica- 
tion, its sensitivity and reproducibility, including 
(where feasible and relevant) a comparative study 
supporting the validity of the test proposed, (c) allow 
for standardization and (d) not normally require 
unique equipment or technical experience. In order to 
provide information on the reliability and relevance 
of proposed new studies, national and international 
validation studies have been conducted, both for new 
animal studies (Diener et al., 1994; Kimber et al., 
1991; Schlede et al., 1992; Van den Heuvel et al., 
1990) and for alternative tests (CEC, 1991; Koeter 
and Prinsen, 1985; Prinsen and Koeter, 1993; Regnier 
et al., 1994). However, although validation of new 
animal tests has indeed resulted in the international 
acceptance of these tests (by adopting the methods as 
OECD Test Guidelines), validation programmes of 
alternative tests so far have not resulted in the broad 

Table 1. International classification systems for chemicals based on their acute oral toxicity* 

Class limits (approx.) LD, values (t&kg body weight) 

Organization/country 5 25 30 50 200 300 500 1000 2000 2500 5000 

Canada 
Pesticides 
Workplace chemicals 50 

European Union 
Chemicals 25 200 
Solid pesticides 5 50 
Liquid pesticides 25 200 

Japan 
Poisonous and deleterious substances 30 300 

Switzerland 
Chemicals 5 50 

USA 
CPSC 50 
EPA, Community right-to-know 25 
EPA, pesticides 50 
OSHA 50 

UN Recommendations 
Solids 5 50 200 _. 

500 
500 

500 

500 

500 
500 

500 Liquids 5 50 

CPSC = Consumer Product Safety Commission EPA = Environmental Protection Agency OSHA = Occupational Safety and Health 
Administration 

*As shown in this table, different cut-off values are used, even by one country, to classify chemicals and pesticides (source: Diener el al., 
1994). 
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acceptance of these methods, What has gone wrong? 
There may be a number of reasons for this failure. 
First, the validation programme may have been 
poorly designed or participating laboratories may not 
have kept to agreed procedures. This, obviously, 
would lead to inconclusive results and therefore to 
non-acceptance of the alternative methods included 
in the validation effort. Secondly, although the vali- 
dation programme may have been designed properly, 
the selection of candidate methods to be included in 
the programme may not have been based on objective 
criteria. This, inevitably, would dramatically increase 
the possibility of the methods selected failing to show 
the desired relevance and reliability and, again, would 
lead to non-acceptance. Thirdly, although the vali- 
dation study may have been well designed and the 
selection of alternative methods may have been objec- 
tive and independent, the alternative method could, 
of course, still fail to show the desired results. Finally, 
despite clear-cut supportive results from a well de- 
signed validation study, toxicologists/regulators may 
be reluctant actually to use the data provided for 
hazard and risk assessment procedures because of 
a lack of confidence with the (types of) endpoints of 
the new and validated test. The latter reason in 
particular can be considered a major hurdle in the 
process of acceptance of alternative tests. What can 
be done? 

A probably workable approach 

The relevance of the endpoints measured for hu- 
man and/or environmental hazard and risk assess- 
ment should be the foundation of any new test. This 
holds true particularly for alternative, in vitro tests. 
Therefore, the development of these in vitro tests 
should not take place in isolation. On the contrary, 
ample expertise in and experience with animal studies 
is essential for the successful development and accep- 
tance of these alternative methods, since detailed 
knowledge of the possibilities, limitations and short- 
comings of current animal studies is crucial in order 
to understand the process of hazard and risk assess- 
ment. In vitro and in vivo toxicology should not, 
therefore, be separated and approached by different 
teams of scientists, but should both be part of the 
same research discipline. Although, in practice, ani- 
mal research facilities and in vitro laboratories may 
sometimes be separated, the least that they should do 
is co-operate rather than compete. The international 
centres for alternatives to animal studies, such as the 
Johns Hopkins Center for Alternatives to Animal 
Testing (CAAT) in the United States and the now 
established European Centre for the Validation of 
Alternative Methods (ECVAM) in Italy could play a 
major role in this: they should bring scientists of both 
disciplines together to discuss the data that are 
essential for a reliable risk assessment and develop 
strategies for the inclusion of in vitro data in overall 
toxicity profiles of chemicals. 

A scenario for the development of in vitro tests that 
is based on the ‘foundation’ mentioned above has 
recently been described (Koeter, 1994) and consists of 
a number of steps leading initially to the scientific 
justification of the new methods. An important el- 
ement of the scenario is the understanding of the 
mechanisms of the alternative test. It is important, 
therefore, that tests are designed in such a way that 
they cover simple, differentiated and well defined 
endpoints, rather than that an attempt is made to 
cover in one test the complexity of phenomena of the 
in vivo endpoints. The development of such lists of 
well defined endpoints that could be studied in in vitro 
tests and together would cover the situation in uivo 
could be adopted by ECVAM as one of the Centre’s 
tasks for the near future. The overall approach of 
in vitro test development should be pragmatic: one 
should concentrate on areas where there are possibil- 
ities of replacing at least part of the animal studies, 
rather than seeking the replacement of full sets of 
animal studies in a particular area. This approach 
could best be demonstrated by comparing current 
activities in the area of photoirritation testing. The 
report of a recently held ECVAM Workshop on 
in vitro phototoxicity testing recommends that “the 
suitability of in vitro screening tests for predicting the 
potential phototoxic effects of chemicals should be 
further evaluated, and selected tests should be vali- 
dated” (Spielmann et al., 1994). Following the rec- 
ommendations of the ECVAM Workshop, the next 
step after initial in vitro screening tests would be 
additional in vitro testing when the initial tests proved 
positive or, when the initial tests were negative, 
continuation with human tests (see asterisked steps in 
Fig. 1, ECVAM Workshop 2 proposal). 

As a follow-up to positive mechanistic in vitro tests, 
animal tests are proposed. In this approach, animal 
tests are proposed following two sets of positive 
in vitro tests to confirm that a photohazard exists. On 
the other hand, it is suggested in the scheme that 
testing in human subjects should be started after 
negative results of the first set of in vitro tests; 
however, the scheme does not include the possibility 
of positive effects in humans! A more practical ap- 
proach would be to accept, at least for the time being, 
limited animal testing as a step subsequent to the 
initial in vitro screening tests (Fig. 1, draft OECD 
proposal). The animal test to confirm negative results 
of the in vitro tests could be a limited screening test 
with, at most, three animals. Where the initial in vitro 
screens were positive, either further testing should not 
be considered, implying a potential photohazard of 
the chemical, or, alternatively, a specific animal test 
to define NOAELs could be conducted as a sub- 
sequent step. Such a specific test would require the 
use of approximately 10 animals. For both the animal 
screening test and the full animal study, protocols 
have been drafted and submitted to OECD for Test 
Guideline development. The major advantage of 
the latter approach is that validation of the in vitro 
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Draft OECD proposal’ 

Negative* 
Positive 

Positive Negative 

7 
1 r 

Neg. Animal screening Human tests 
Animal tests 

(e.g. determine NOEL) - 
test to confirm L depending on 
negative results use of, and 

exposure to, 

Positive Positive the test substance 

1 Photohazard Photohazard 
Animal tests 

exists exists 
(e.g. determine NOEL) - 

No further testing No further testing No further testing 1 Phoet;F;ard 1 1 DeP;iz 0” 

+ t 
No further testing No further testing 

Fig. I. Comparison of two possibilities for a sequential approach to photoirritation (phototoxicity): ‘draft 
proposal circulated for review by Member countries in March 1995; *proposal on which consensus 
was reached at ECVAM Workshop 2 (Spielman et al., 1994). NOEL = no-observed-effect level; 

(Q)SAR = (quantitative) structure-activity relationship. Asterisks are explained in the text. 

screening tests could be limited, since both negative 
and positive results will be confirmed in animal tests. 
Whether the proposed animal tests need further 
appraisal concerning their scientific justification, sen- 
sitivity and reliability is currently being considered by 
experts nominated by the OECD Member countries. 
By applying this proposed testing strategy, which was 
also recommended in the report of an EC Workshop 
on regulatory acceptance of alternative tests (Balls 
et al., 1990b) automatically databases would be devel- 
oped that could be considered the ideal validation of 
the in vitro tests, provided that these databases can be 
combined internationally. Further, the in vitro tests 
will be reported, interpreted and subsequently inte- 
grated in notification dossiers that are submitted to 
regulatory authorities. In other words, building confi- 
dence in the new, alternative tests will be a gradual 
process; regulators, confronted with the results 
of both in vitro and animal tests, will learn to 
appreciate the new tests and to value their contri- 

bution to hazard/risk assessment procedures. 
ing by doing! 

The review process 

In order to justify their use as part of 

Learn- 

testing 
schemes, alternative tests should be scientifically eval- 
uated. Ideally, this should include a full understand- 
ing of the mechanism of the new test and the 
relevance of its endpoints for the target phenomena 
considered essential for the hazard characterization 
and risk assessment of the chemical of concern 
(KoBter, 1994). As the next step, and preferably as 
early as possible during the process of database 
development, it is strongly recommended that the 
new (in vitro) test should be discussed with regulatory 
scientists in order to ascertain its acceptance and 
usefulness in hazard/risk assessment. As mentioned 
above, international centres such as ECVAM could 
provide the platform for these discussions. 
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Not all alternative tests, even when scientifically groups in Europe, North America and elsewhere with 
justified, could be fitted into existing testing schemes respect to validation will be considered and com- 
and thus validated while part of the actual datasets pared. The ultimate objective of the activity will be to 
of chemicals. Consequently, separate validation reach consensus among all industrialized countries 
projects are still necessary. These projects should not, on harmonized validation criteria for alternative 
by definition, be extensive and broadly oriented; they (in vitro) tests and on strategies for incorporating 
could be tailor-made and focused on the specific these alternative tests in hazard and risk assessment 
objectives of the test concerned. In order to increase procedures. 
the chance of international acceptance of the altema- 
tive tests to be validated, proposals for validation 
projects that are supposed to provide a decisive REFERENCES 
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