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Hexacarbon solvents
Certain agents with a aliphatic hexacarbon structure, which are
mainly used as solvents, are neuropathic. Originally, this neuropathy
was denominated “hexacarbon neuropathy”. It was then demon-
strated that only gamma diketones are neurotoxic, while diketones
with other than gamma spacing are not. Therefore, it appears incor-
rect to consider all hexacarbons to be identical. Moreover, carbon
disultide, chemically a quite different molecule, produces the same
type ot neuropathy as gamma diketones (10).

Suppression and promotion of OPIDN
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Selected chemicals can protect against OPIDN when administered
before the neuropathic agents. In contrast, when administered after
the neuropathic agents these chemicals aggravate OPIDN (4). The
protective effect may be associated with the interaction on the
same target (NTE), but the promoting effects probably result from
the interaction of promoters with a molecular target other than NTE.
This example shows that different mechanisms can be involved in
the pathogenesis of one type of lesion, and the order of events
determines the level of toxicity, which cannot be assessed by sim-
ple cumulating exposure levels.

New horizons in neurotoxicology

?

The requirement for aggregating and cumulating neurotoxic risks
opens interesting, yet unanswered questions. Will simultaneous
exposure to inorganic and organic mercury, to ethyl and methyl tin,
to gamma diketones and other hexacarbons, or to multiple
organophosphorus agents with other agents enhance, reduce, or
otherwise modify the neurotoxicity? These questions of combina-
tion neurotoxicity cannot be solved without adequate experimental
work. Experience shows that neurotoxins can be classitied by their
cellular targets (neuronal damage — neuronopathy, axonal damage
— axonopathy, myelin damage — myelinopathy, glia cell damage —

gliopathy) rather than by their chemical structure and that similar
lesions can be produced by chemically different agents. The type
and pattern of the lesion is also determined by the type of expo-
sure, as different lesions can be produced by identical agents tol-
lowing short-term exposure to high levels or long-term exposure to
low levels (11). The elucidation ot mechanisms instrumental in the
production ot toxic neuropathies is the essential task of future activ-
ities. Their better understanding will improve the public attitude
towards environmental agents, and allow full advantage to be
taken of their benefits while avoiding undesired effects.

References
1. . Keefer RC, Van Gelder G. The chemical industry’s research initiative and the

state of the science study CIIT Activities 1996; 16: 4.
2. Classen W, Gretener P, Rauch M at al. Susceptibility of various areas of the ner-

vous system of hens to TOCP-induced delayed neuropathy Neuro Toxicology
1996; 17: 597-604.

3. Krinke GJ, Classen W, Rauch M et al. Optimal conduct of the neuropathology
evaluation of organophosphorus-induced delayed neuropathy in hens. Exp
Toxicol Pathol 1997; 49: 451-458.

4. Krinke GJ, Brown I, Classen W at al. Organophosphorus pesticides and long-
term effects on the nervous system. ECETOC Technical Report No. 75, BCE-
TOC (European Center for Ecotoxicology and Toxicology ot Chemicals),
Brussels 1998; 110.

5. Olney JW, Farber NB, Spitznagel E at al. Increasing brain tumor rates: is there
a link to aspartame? J Neuropath Exp Neurol 1996; 55: 1115-1123 [erratum
statement in 55(12)].

6. Krinke GJ. Critical remarks on the international WHO classification of rodent
central nervous system (CNS) tumors. Physiol Rex 1997; 46: 89-91 .

Test strategies for the identification
of endocrine active chemicals.
An industry point of view
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In recent years, possible adverse effects of endocrine active chem-
icals (EAC) on the environment and human health have been wide-
ly discussed in the public and in the scientific community. There is
a general consensus that more scientific knowledge is necessary
and that EACs should be identified for a refined risk assessment.
In this regard, the following three-step approach seems to be the
most appropriate:

i) Priority setting or initial assessment to identify from the large
universe of chemicals those to be subjected to initial screening.

ii) Screening using a battery of in vitro and/or in vivo tests to iden-
tify chemicals for further detailed testing.

ii) Testing in definitive animal models for risk assessment, includ-
ing not only adult animals but also in utero exposure.

Such a strategy has been proposed to the United States Envi-
ronmental Protection Agency (EPA) by the Endocrine Disrupter
Screening and Testing Advisory Committee (EDSTAC), a multi-
stakeholder advisory group, with participants from authorities, uni-
versities, environmental organizations and industry, and has
recently been published by the US EPA as its Endocrine Disrupter
Screening Program for public comment (EPA, 1998; Fed. Rag.,
1998). A similar principle was developed by the Organization for
Economic Cooperation and Development (OECD) Working Group
on Endocrine Disrupter Testing and Assessment (EDTA).

The screening and definitive test procedures should address
possible effects on wildlife and human health. The following will
focus on the latter, human health. For the different levels, the tests
found below have been proposed or are under discussion.

For priority setting, the US EPA proposes high throughput sys-
tems with transfected reporter gene cell lines for estrogens, andro-
gens and thyroid hormones.

For in vitro screening, receptor-binding/transcriptional activa-
tion assays have been proposed both by the US EPA and the
OECD for the in vitro part. In addition, the EPA suggests in vitro
investigations on steroid metabolism.
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As in vivo screening tests, the uterotropic (for (anti-)estrogenici-
ty) and the Hershberger assay (for (anti-)androgenicity) have both
been mentioned by the US EPA and the OECD. Further proposals of
the EPA are for a 20-day pubertal female assay or a 14-day intact
adult male assay, which also include testing for thyroid effects.

Definitive in vivo mammalian testing is focused on the two-gen-
eration test or another long-term procedure covering the whole
reproductive cycle, including intrauterine development. In addition,
the OECD is proposing classical subacute or subchronic tests for
identification and possibly characterization of EACs. It may become
necessary to enhance the existing test guidelines by additional hor-
mone-specific parameters. This was proposed in the Detailed Re-
view Paper: Appraisal of Test Methods for Sex-Hormone Disrupting
Chemicals, prepared by UK authorities for the OECD (QEOD, 1997).

When looking at these proposals in detail, it becomes obvious
that the suggested test methods have not been sufficiently validat-
ed. Thus, as a prerequisite for laying down definite test guidelines
for regulatory purposes, a systemic validation effort is necessary.
This regards both the relevance as well as the reliability.

The relevance of a test method is defined by its end point in
relation to the different mechanisms by which chemicals may inter-
act with the endocrine system, as follows: direct (cyto)toxicity on
endocrine active or responsive tissues; interference with biosyn-
thesis, metabolism or excretion/clearance of hormones; and inter-
action with hormone receptors, either as agonists or antagonists

Obviously, the relevance of each proposed test method may be
different, as in the examples given below.

In vitro receptor-binding/transcriptional activation assays only
address direct hormone receptor interactions. (Cyto)toxic effects or
alterations in hormone biosynthesis for metabolism are not taken
into account.

Two in vitro assays for hormone biosynthesis are under discus-
sion in the EPA scheme, the “steroidogenesis assay with minced
testes” and the placental aromatase assay”. Both these assays only
cover a small segment of the steroid hormone biosynthesis path-
ways and they do not give any indication at all of the metabolic deac-
tivation of steroids. On the other hand, tests in the intact animal
should, in principle, show any effect on the endocrine system regard-
less of the occurring mechanism, but offen the mode of action may
remain unclear.

As regards the reliability of the test methods to be established,
a worldwide validation process has now been initiated by the
OECD for the uterotropic and the Hershberger assay as well as for
the subacute 28-day test (OECD test guideline 407) enhanced by
additional hormone-specific parameters. Laboratories used to rou-
tine testing for regulatory purposes, such as those from industry,
must be predominantly involved in such a validation process. They
must be capable of simultaneously handling a large number of ani-
mals and they must have a broad expertise in the clinical examina-
tion of animals, histopathology, clinical chemistry and hematology.

In the overall validation process of test methods for regulatory
purposes of EACs, the following points are of utmost importance
for the chemical industry:

i) The overall test strategy and each single test procedure should
be accepted worldwide.

ii) Test methods must be specifically designed to a clearly defined
purpose; there must be a differentiation between screening for
effects, hazard identification, risk assessment purposes and
finally mechanistic research tools.

ii) The test methods must have a sound scientific basis, they must
be robust and yield reproducible results.

iv) The test methods should be “slim”; unnecessary parameters
should be avoided, even if they interesting from a scientific
point of view.

v) Costs and practicability of the tests should be an important, but
of course not the decisive consideration, especially for screen-
ing tests and those to be used for routine investigations.

vi) The test guidelines should be broadly validated in an interna-
tional effort to become accepted by all regulatory authorities
worldwide.

vii) Validation of each test method must cover sensitivity, specifici-
ty and reproducibility.

viii) For the validation process, appropriate reference chemicals
must be identif led and the same test materials should be used
worldwide.

In summary, taking account of the uncertainties with regard to
the possible impact of EACs on the environment or human health,
it is necessary to establish screening and testing procedures for
hazard identification and risk assessment purposes. Such tests
should ideally cover all possible modes of action of EACs.
Numerous regulatory authorities and organizations worldwide take
part in this process, e.g., the US EPA and the OECD. A critical
review of the proposed test strategies or single test methods
reveals they all lack sufficient validation. Before any test guideline
can be finalized for regulatory purposes, an in-depth investigation
of its relevance and reliability is necessary. Due to their specific
expertise in handling large numbers of animals and measuring a
wide variety of parameters simultaneously, industry laboratories
must take an active part in this worldwide validation process.
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Pesticides in general and pyrethroids in particular have received
considerable attention as they are widely used for numerous appli-
cations, ranging from food protection to general pest control in the
indoor environment. The pyrethroids have been proven useful in
the domestic environment as room and surface sprays, in passive
and active evaporator systems, in incense products such as mos-
quito coils or to make textiles insect resistant. The specific physic-
ochemical properties of most pyrethroids, i.e., low vapor pressure
and high lipophilicity, minimize the extent of passive inhalation
exposure but favor their adsorption in house dust. Pyrethroids act
directly on the axon through interference with the sodium channel
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