


al fields of biomedical and related
research. Pharmacol ogy and toxicology
studies performed in man will give the
most appropriate results. However, for
ethical reasons a compound, for which
no data exist on its biological activity,
cannot be tested in man.

Scientific considerationsin the
application of alternative methods

Apart from ethical objections towards
the use of animals there is aso
scientific criticism of the heavy
reliance on animal datain toxicology.
The use of such animal data to predict
biological activities of compounds in
man is always prone to some degree of
uncertainty. For example, differences
in body size between rat and man imply
adifferent ratio between body weight
and body volume, resulting in different
metabolic needs. Extrapolation of dose
levels, calculated per kg body weight,
therefore can result in erroneous
predictions with regard to the
distribution and metabolism of the
compound under study. Furthermore,
biokinetic parameters, such as uptake,
distribution, biotransformation and
excretion may aso differ in a
qualitative way (6). These may result in
dissimilarities in the concentration at
the site of action. In addition, there can
be wide species differences in the mode
of toxic action of compounds. Other
difficulties arise from the fact that
extrapolations have to be carried out
from arather small, but homogeneous,
group of laboratory animals to the very
heterogeneous human general popu-
lation. Therefore, in risk assessment of
chemicals one tries to overcome these
uncertainties by introducing safety
factors. For example, no (toxic) effect
levels determined in an animal
experiment are divided by a given
factor and the result used in setting
safety standards (7).

The advancement of cell and
tissue culture techniques and of molecular
biology provides enormous potential for
biomedical research and for
pharmacology and toxicology in par-
ticular. An increasing number of model
systemsat aleve of integration lower than
intact organisms have been devel oped.

For an understanding of a
compound’'s effect in an intact
organism, the in vitro model system
should have as many characteristics of

the in vivo situation as possible. This
would imply, in general, that freshly
isolated cells or primary cultures will
have advantages over cell lines.
However, freshly isolated cells also
have their disadvantages. Shortly after
isolation, e.g., of hepatocytes, the cells
are not in their normal physiological
state (8) and need a certain time to
recover from the damage caused by the
isolation procedure (9). Another
disadvantage of many systems
employing freshly isolated cellsisthe
lack of intercellular connections.
Furthermore, the cells can only be kept
in culture for a limited time span
(usually several hours). Taking these
limitations into account, short-term
experiments can be performed with
suspension cultures, but the study of
phenomena taking more than a few
hoursis not possible.

Primary cultures of many cell
types can be maintained for much
longer periods. For example,
hepatocytes can be kept in such
cultures for up to several weeks.
However, during culture a number of
functions specific for the cell type
under study can be reduced or lost
(10,11), changes which can be
interpreted as dedifferentiation. Despite
these drawbacks, the use of freshly
isolated cells or cells in primary
cultures seem to have advantages over
the use of cell lines.

Developments in molecular
biology have produced methodologiesto
determine the presence and the
expression of genes and gene products
(mRNAsS, proteins). The implementation
of these methods has greatly improved
the possibility of wusing these
parameters and changes therein as
biological endpointsin toxicology, e.g.
as biological monitors for the presence
and the effects of chemicals. As an
example, the expression of certain
forms of cytochrome P450 can be used
as indicators for the occurrence of
dioxins and PCBs (12). Furthermore,
molecular biology has provided the
ability to construct cell linesin which
gene products (e.g., cytochrome P450)
can be brought to expression on a stable
level. These cell lines can then be used
to study the role of the protein in the
biotransformation of compounds and
their related toxicity. An exampleisthe
use of mammalian cell lines expressing
human cytochrome P450 which could

be used in the study of mutagenicity of
compounds (13). These transgenic cell
lines can provide detailed answers with
regard to specific aspects of a
compound’ s toxicity.

Cell culture systems normally
are derived from animal tissues. The
use of human-derived in vitro systems
is still limited. Data from experiments
performed either with intact animals or
with animal-derived in vitro models
need to be extrapolated to the human.

While in vitro methods are
particularly suitable for studying
mechanistic aspects of biological
activity, their use in risk assessment
presents yet another problem regarding
extrapolation to the intact organism.
One drawback is the absence of thein
vivo biokinetics (14,15). This can lead
to amisinterpretation of in vitro data, as
the concentrations employed in such
methods are often not clearly related to
the exposure levels in vivo. One
possibility isthat cells are exposed to
much lower concentrations in vivo,
because the compound cannot easily
reach the target cells. An
overestimation of the compound’s
biological activity for the cell type
under study will be the result.
Otherwise, compounds may accumulate
in certain organs, tissues or cell types,
resulting in prolonged or increased
exposure of the target tissue and then an
in vitro model system may lead to an
underestimation of biological activity of
the compound under study (16).

These factors cal for an
integration of data on the mechanisms
of action of compounds with their
biokinetic properties. Information
derived from in vitro and other non-
animal experimentsisrelevant only if
the results are interpreted in the context
of the in vivo situation. For instance,
knowledge of physico-chemical data,
such as volatility, solubility and
reactivity not only can be used for an
estimation of exposure to a chemical,
but can be incorporated in estimates on
the biokinetic behaviour as well.
Properties such as lipophilicity,
molecular size, ionisation and binding
to proteins, are of importance in an
estimation of the compound'’ s reactivity
and its possibilities to cross
biomembranes. Passive uptake from the
milieu exterieur, distribution,
accumulation and excretion, will also
be governed by these properties. These
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characteristics can often be determined
in non-animal systems. To characterise
the cellular biokinetic behaviour of
compounds, uptake and subcellular
distribution can be measured in various
cell types. The choice of cells and
culture systems to be used in such
studies should be based on knowledge
of possible uptake mechanisms (e.qg.,
carrier-mediated uptake or passive
diffusion) and of the physiological role
of cells, tissues and organsin vivo (17).

Biotransformation plays a
pivotal rolein the biological activity of
many compounds. This is especially
true for compounds whose metabolites
have a higher activity than the parent
compound. In vitro systems, especially
those derived from the liver, can be used
to elucidate metabolic pathways and to
characterise the enzyme systems
involved (18). Studies with subcellular
fractions, such as microsomes, can
provide important qualitative data.
Systems comprising intact cells, such as
shaking cultures or primary cultures,
permit a detailed study of
biotransformation  reactions under
physiological intracellular conditions,
while the extracellular environment can
be manipulated easily (19).

Compilation of adata set derived
from a battery of different in vitro and
other non-animal experiments can be the
basis for a prediction of the in vivo
biokinetic behaviour as well as the
biologicd activity of acompound. The use
of computerised models for describing in
vivo biokinetics can be avery powerful
tool inthis respect. Such physiologicaly-
based biokinetic model systems are now
in development in pharmacology and
toxicology (20, 21, 22). The use of in
vitro systems derived from different
animals may increase the possibilities
of interspecies extrapolations. It alows
a comparison of mechanisms of action
between species. Furthermore, data
derived from experiments with animal
cells can be compared with in vivo
animal data. If no invivo datain the
other animal species (e.g. man) exist,
extrapolation can now follow two
routes: fromin vivo animal datato man
and from in vitro human data to man
(14). This givesthe extrapolation of data
amore scientific basis, since mechanistic
data can be incorporated (23). The
scheme given in figure 1 is a
representation of this so-caled
parallelogram approach (14).

A
animal in vivo data human risk
C
H H H . .
animal in vitro data = human in vitro data

Figure 1. The parallelogram approach. In this diagram A stands for the extrapolation normally
made in toxicological risk assessments, in which uncertainty is dealt with by introducing a safety
factor. B denotes the comparison to be made betweenin vitroand in vivo animal data. Comparison
C can be made when in vitro systems derived from humans can also be used. D denotes
extrapolation from humanin vitroto the humanin vivo situation. Extrapolations A and D together

will improve human risk evaluation.

Validation

Many aspects of the toxicology of
chemicals can be studied to a high degree
of detail inin vitro and other non-animal
studies. The implementation of these new
methodologies in toxicological risk
assessment must be preceded by athorough
evaluation of ther rlevance and reliability.
This process of evauationisnow generdly
referred to as validation. The scientific
characteristics of validation have been
discussed on several occasions (24,25,26).
The definition of vaidation which now is
commonly used is as follows: it is the
process by which the reliability and the
relevance of aprocedure are established for
aspecific purpose.

From a scientific point of view
the process of validation of any test
procedure has a number of interesting
aspects, which are also reflected in the
above definition. All procedures used
should be reproducible and meaningful.
Furthermore, the phrases “relevance”
and “purpose” cannot be seen as
independent from each other. An
important question in this respect is:
“What do we need to know?”. If the
purpose of a test is defined as “a
replacement for an existing test
currently in usein risk assessment” one
is designing a different set-up than
when the purpose is “finding answers
that are of relevance in a human risk
assessment”. Inthe ECVAM Workshop
on practical aspects of validation (26)
three main areas for a procedure to be
validated were recognised. The first
relates to tests carried out for non-
regulatory purposes, e.g., for screening,
selection or priority-setting of alarger
group of chemicalsin the development
of drugs or other products. Here the

validation process should provide
confidence that the answers will be
adequate to make meaningful decisions.
Other tests will be carried out to gain
insight into the mechanisms of toxic
action, and this information can also be
used in decision-making in the field of
product development (17). Although
this “ screening-sel ection-mechanism”
use of non-animal testsislikely to be
applied on awide scale, in particular in
an industrial setting, no exact data exist
with regard to the way in which this
approach is replacing animal studies.

A second area can involve
tests that can be used in regulatory
processes in a hierarchical approach.
Such tests may be able to show that
chemicals may have a (strong) toxic
effect, thus indicating the high
probability that these effects will also
be found in an in vivo experiment. For a
number of regulatory procedures, e.g.,
the classification of chemicals with
regard to their irritative activity, a
“positive” result in a non-animal test
system would make the performance of
an in vivo test unnecessary. However,
there will still be a need for animal
experiments in case of a*“negative” or
border-line result.

The third area of alternative
testing comprises tests aiming at a
complete replacement of existing
animal procedures. For this a more
stringent validation procedure is
required. A first consideration is with
which data the new test has to be
compared, e.g., the availability of in
vivo data. Here too, the question “what
do wereally want to know” is of utmost
importance. If, for example, theaim is
to replace the classical LD, asameans

of classifying the risk of chemicals
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causing acute toxic effects in man, we
can decide to replace it with a
procedure that gives the same answers
as the old test. Alternatively, the
qguestion can be asked whether the
LD, is always a good predictor of

acute toxicity in humans and whether
other tests can do this better.

In a validation study, a
number of steps can be recognised (25).
Steps to be conducted include the
assessment of a method within the
laboratory where it has been devel oped
(intralaboratory assessment), the testing
of the reproducibility of the method in
other laboratories (interlaboratory
assessment), the building-up of atest
database, and the final evaluation of the
test (25). These points were
exemplified during the ECVAM
workshop (26), where it was stressed
that the development of atest and the
intra-laboratory assessment should lead
to adetailed protocol of the test. Before
afull validation study, including an
interlaboratory blind trial, can be
performed, practical experience has
shown that it is necessary to include a
“prevalidation” step, in which the
protocol should be further optimised
(26). Unexpected problems with regard
to test design, with inter-laboratory
transferability of protocols and with

analysis of data will have to be
addressed in this phase.
Important factors in the

organization of afull validation study
are study design, test selection, the
selection of chemicalsto be used in a
blind trial and the selection of
laboratories taking part. These should
adhere to good laboratory practice
principles (27) and proper metho-
dologies for data analysis should be
implemented (28). An important
guestion again is the availability of data
with which to compare the outcome.
Publication of results should be in peer-
reviewed journals (29) and be followed
by an assessment of independent expert
panels, in order to promote the
regulatory acceptance of alternative
tests. Despite a considerable effort in
recent years, only alimited number of
successful validation studies has been
carried out.

Care must be taken that the
complete procedure will not be too
rigid and suffer the flaws of many in
vivo tests if dealt with in a “strict-to-
the-protocol” way. Because of

developmentsin cellular and molecular
biology, there are opportunities to
change proceduresin toxicity testing, to
incorporate knowledge of physico-
chemical properties as well as
mechanisms of toxic action in toxico-
logical risk assessment. In other words,
we will be able to incorporate more
“science” inthe “art” of toxicology (30).

Conclusion

There are not only ethical, but aso
scientific reasonsto look critically upon
past and present proceduresin usein
regulatory toxicity testing, especially
when animal experiments are involved.
Developmentsin cellular and molecular
biology, as wel as computerised
modelling, provide ample opportunities
for change and the incorporation of
knowledge of the mechanisms of toxicity.
New procedures must be validated in
order to assess their reliability and
relevance. Validation should have a
sound scientific basis and should a so be
practical. In this validation process an
important driving force should be the
improvement of the relevance of
toxicological risk assessment.
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