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Summary — There are a number of national and international efforts designed to screen chemicals for tox-
icity. Although the emphasis in terms of the specific chemicals is different, e.g. endocrine disruptors, chil-
dren’s health, High Production Volume (HPV), the European Registration, Evaluation and Authorisation of
Chemicals (REACH) programme, the purpose is the same. Each is intended to evaluate the potential toxic-
ity of chemicals to humans and, in some cases, to the environment. How best can these tasks be accom-
plished? The first need is to provide a realistic prioritisation of which chemicals need to be evaluated. Once
identified, a defined decision-tree approach with an emphasis on short-term in vitro assays and new
genomic technologies offers the greatest promise. The more practical matter of screening the chemicals
would be by using a tiered decision-tree approach. Common features of the approach would be the use of
three tiers. The first tier would be a screening/prioritisation tier, the second would provide an initial char-
acterisation of toxicity, and the third would discern mode of action/biological activity. The intent of this
approach is to provide a concept that will allow decisions to be made as to which chemicals need to be
tested, provide some idea as to their toxicity and finally mode of action, and at the same time, taking into
account the Three Rs, reduction, refinement and replacement. Thus, specific batteries of tests are not dis-
cussed, as these would need to be tailored to the specific chemicals of concern, e.g. endocrine disruptors,
HPV. Neither are regulatory requirements factored into the concept, but the data that would be gathered
should consider the possibility of eventual submission of the data obtained by in vitro and other non-tra-
ditional approaches by regulatory authorities.
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Introduction

There are a number of national and international
efforts designed to screen chemicals for toxicity.
These efforts are directed toward providing basic
toxicity information on commercial chemicals in
use worldwide. An important objective of these ini-
tiatives is to make such data available to scientists,
policy makers, industry and the public (see www.
epa.gov/chemrtk/index.htm). Although the empha-
sis in terms of the specific chemicals is different,
e.g. endocrine disruptors, children’s health, High
Production Volume (HPV), the European Reg-
istration, Evaluation and Authorisation of
Chemicals (REACH) programme, the purpose is
the same. Each is intended to evaluate the poten-
tial toxicity of chemicals to humans, and in some
cases, to the environment. Issues of whether to
use animals or in vitro tests, what to test, how to
prioritise those chemicals to be tested and deter-
mining types and amounts of information suffi-
cient to allow use all complicate how preliminary
safety/hazard determinations will be accom-
plished for these chemicals.

This paper is intended to offer a concept or a
blueprint for discussion and development of a

master plan. It is not intended to provide a proto-
col for the testing of chemicals. From the outset,
we have made a number of assumptions in our
approach. We accept that the US Environmental
Protection Agency (EPA) and the European Com-
mission are correct in their conclusion that it is
necessary to provide data on these compounds to
the public, but there are few currently validated
(within the guidelines of the Interagency
Coordinating Committee for the Validation of
Alternative Methods [ICCVAM] or the European
Centre for the Validation of Alternative Methods
[ECVAM)) in vitro or in vivo methods that could
be employed in testing these chemicals. However,
there are many methods considered as “valid”.
For example, the Screening Information Data Set
(SIDS) guidance of the OECD. Valid, in this sense,
means a well-established and accepted test
method whose outcome is interpretable. Lastly,
there is a basic set of data available on most of
these compounds, e.g. structure-activity relation-
ship (SAR). We recognise that the concept out-
lined may just be one of many ways of addressing
these issues. We offer this proposal in order to
stimulate discussion and highlight questions we
think need to be addressed.
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Table 1: Basics of the tier approach

Guiding principles
Most humane science

Cost-effective, rapid screening

The process

Literature search
Structure-activity relationships
ADME and pilot studies

The approach

Tier one: prioritisation of chemicals, with negatives
being eliminated

Tier two: prioritisation of tier one chemicals and initial
characterisation of toxicity/safety (all in vitro)

Tier three: testing of individual chemicals, determining
mode of action and biological activity by use of in vitro
systems and if necessary using non-invasive techniques
in animals

ADME = absorption, distribution, metabolism and
excretion.

Methods/Discussion

The concept involves the use of a tiered-testing
scheme (Table 1). This scheme employs in vitro
methods primarily and in vivo methods only in situ-
ations where their use is unavoidable. There are
many approaches to prioritising groups of chemicals
for testing and evaluation. Some are based on pro-
duction volume, exposure or other rationales. With
respect to production volume and exposure, the
HPYV chemicals and pesticides used in food crops can
be cited as examples. The tiered approach suggested
here prioritises within a group and, in some cases,
will provide approaches to mode of action. A first
requirement is a review of the available literature,
followed by determination of SAR. Chemicals with
sufficient information to determine hazard or risk
would not be tested. Those with insufficient or no
information (no information in this case would be
not enough to even initiate in vitro testing) would
enter a first tier of testing. In the latter situation (no
information), and contrary to current thinking, lim-
ited in vivo pilot studies might be conducted to
obtain information about possible target organs.
Such studies should use, where possible, non-inva-
sive methods and would always incorporate humane
approaches and humane endpoints. This informa-
tion would allow in vitro studies of the proper end-
points and cell types to be conducted. Chemicals
negative at tier one would require no further testing
at this time, while those positive would be tested at
tier two. Likewise, those negative at tier two would
require no further testing, while those positive
would be tested at tier three (Figure 1).

Specifically, the concept embodies the following.
An assessment of potential biological activity using
SAR could be used to prioritise chemicals with
insufficient information. Those chemicals consid-
ered to possess a higher degree of biological activity
would be the first tested. Once identified, these
chemicals would be tested in tier one. As far as
those chemicals with no information are concerned,
SAR could also be used to establish potential bio-
logical activity, along with in vitro metabolism, to
determine a target species for limited pilot studies.
The metabolism studies could elucidate (in terms of
activity/toxicity) the most appropriate species,
along with the organ systems to be investigated.
This information could then be used to select appro-
priate in vitro systems for tier one testing. It is
highly recommended that non-invasive techniques
and, perhaps, cassette dosing be used, to the extent
possible, in the in vivo studies. Those chemicals
demonstrating no activity/toxicity would be placed
in the lowest priority for testing or not tested.
Criteria would need to be established to define “no
activity/toxicity”. It may be advisable to consider
additional testing of certain negative chemicals,
depending on a level of exposure that would be con-
sidered significant or high. It would need to be
determined what constitutes significant or high
exposure. This would ensure that high exposure
chemicals are tested at least in tiers one and two.

Tier one

The purpose of this tier is to screen in a qualitative
manner for potential toxicity to humans and thereby
prioritise within a group. Criteria for tests in this tier
should be: a) allowance of a certain false positive rate,
but very low or no false negatives, b) ability to detect
a broad range of chemical categories of agents, c) effi-
ciency in terms of time between testing and obtaining
results, and d) cost-effective, given that more chemi-
cals would be expected to be tested at this level than
at other levels or tiers.

Tier one test systems could be composed of in
vitro liver, vascular, cardiac, respiratory, reproduc-
tive, autonomic nervous system, kidney and mito-
chondrial cells. Hepatic metabolism has been
investigated in isolated hepatocytes (1). Liver
homogenates, subcellular fractions and liver slices
have been used for hepatotoxicity (2). Although the
vascular system (blood vessels, blood vessel walls) is
mentioned in the context of tier one systems, to our
knowledge very little information is available on in
vitro approaches that have been used in screening
chemicals for effects on the vascular system. It is
mentioned to emphasise a possible research need
(3). Tissue slices of cardiac tissue have been used in
evaluating chemicals for cardiotoxicity (4), as well
as single cell suspensions of embryonic or neonatal
heart cells (5, 6). Potential effects on the respira-
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Figure 1: Tier scheme for TestSmart and toxic ignorance

Prioritisation (selection of chemicals)

Insufficient information or no information
(needs testing)

Sufficient information
(no need to test)

Y

Y

Insufficient information
(chemicals of higher biological
activity should be the first tested)

No information (in prioritising those agents with no information, SAR
could be used to determine potential activity. In vitro metabolism
studies could then be done to determine the most appropriate

species in which to conduct the pilot studies)

Y

Y

Begin tier 1 testing using in vitro
tests to determine toxicity

Conduct limited pilot studies in animals to elucidate target organs (use
non-invasive techniques where possible; explore cassette dosing)

Y

Y Y

positive

positive; toxicity to

negative; no toxicity
to target organs

target organs

Y

No further testing
(determined to be non-toxic
under conditions of use)

Conduct tier
two tests

\

positive | |

Y

Conduct tier
three tests

No further testing

tory system can be determined by conducting in
vitro studies of human cell lines, such as CCL-30 (7)
and A-549 (8), which are cells of the nasal septum
and lower alveolar region, respectively. As a first
tier method for reproductive toxicity, sperm motil-
ity (9) could possibly provide preliminary informa-
tion, albeit for the male only. Methods that could be
considered relevant to the female and useful for tier
one are fully lacking. For examining potential toxi-
city to the kidney, isolated cells, kidney fragments,
precision-cut-slices and cell lines have been used. A
review of the application of kidney cells to toxicity
testing is given by Pfaller & Gstraunthaler (10).

Y
No further testing

Inclusion of cells of mitochondria is intended to
emphasise a research need. To our knowledge,
there are virtually no established test methods that
are routinely used to screen chemicals for toxicity to
mitochondria, although the MTT assay may provide
indirect information. While these systems would
provide primarily information relative to potential
effects on organ systems, it may also be possible to
determine chromosomal effects, which could point
to follow-up genetic toxicology studies. Otherwise,
stand-alone clastogenicity studies would need to be
done. Gene mutational studies, e.g. the Salmonella
microsome assay, would also need to be a part of
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tier one. For the assessment of potential develop-
mental toxicity, whole embryo or rodent limb bud
cultures may need to be a part of this tier. With the
exception of tests for genetic toxicity, there may not
be any other validated or valid tests for this tier.
What configuration of results should lead to tier
two testing? Should the decision be based on a pos-
itive result in one organ system, or should some
combination of results be the requirement?
Scientific judgment will need to be exercised, for the
decision should not be reduced to an arbitrary num-
ber of positive results. Is there a rationale that
could explain what is seen? One needs to determine
that the results make good scientific sense. Only
then will the testing in tier two yield meaningful
information. Chemicals that are negative are elimi-
nated from further testing when used as expected
or accorded the lowest priority for further testing.

Tier two

The purpose of this level of testing is to prioritise
those chemicals from tier one on the basis of bio-
logical activity and to provide an initial characteri-
sation of the toxicity of a chemical. The tests to be
selected and performed in tier two depend, in part,
on results from SAR and information from the lit-
erature, as well as on results in tier one; for exam-
ple, the target organs and toxicity endpoints
affected. Thus, the number and kinds of tests for
any one chemical may vary. Ideally, this level of
testing should exclusively use in vitro methods.
Test methods similar to those in tier one may be
used in this tier, but the endpoints would be decid-
edly different.

There are certain criteria that should apply to
tests, particularly in vitro tests, used in this tier.
The first is that tests at this level should possess an
identifiable mechanism that is involved in the ani-
mal or human biological response. They should
have good sensitivity and specificity and be rela-
tively easy to perform. Such tests would need to be
identified and the extent of validation determined.
This may be the best level to use “omic” informa-
tion. Omic studies, such as genomics, proteomics
and metabonomics (11-13) using microarrays, tis-
sues and body fluids, respectively, associated with
the target organs identified in animals, could
involve exposure to a toxicant in parallel with those
developed or obtained from similar human tissue to
better understand the complementarity of the ani-
mal model to humans. In this regard, patterns of
up-regulation and down-regulation of specific
genes, patterns of metabolites, and changes in pro-
tein constitution, could be examined and a determi-
nation made as to the correlation between the
animal and human data. This could provide greater
confidence with respect to extrapolation that would
be a part of the third tier.

Tier three

The purpose of this tier is to characterise the mode
of action and biological activity of individual chem-
icals positive at tier two. The criterion for tests at
this tier is that they have an explicit relevance to
humans in terms of pathway of toxicity. In all like-
lihood, tests at this level will use in vitro systems, as
well as animals. As such, use of non-invasive
approaches in animals should be sought.

This concept, as presented, attempts to combine
the best science and the most recent techniques
with the most humane science possible. It is
intended to be a discovery or decision-making
approach and not one based necessarily on needs of
the regulatory community. However, the assembly
of methods or test systems for each tier should be
done with full knowledge of regulatory require-
ments and, as we learn which assays provide reli-
able and relevant information, it may be possible to
use these data in regulatory submissions in the
future. In all cases, good science and humane sci-
ence must be coequal partners.
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