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To the Editor,

In his letter to the editor, Dr. Zarros (2014) underlines the need for
in vitro and in silico neurotoxicity testing. I obviously agree, but in my
view, current in silico neurotoxicity testing is still hampered by an
overall lack of functional in vitro data. As outlined earlier (Westerink,
2013), reliable modeling approaches are available for just a small
subset of the thousand of chemicals. In his letter, Dr. Zarros (2014)
advocates the implementation and further development of the use
of neuropathological and cytopathological parameters. Even though
neuronal function may be disturbed before neuropathological and
cytopathological damage is visible, the use of pathological
parameters can have an important advantage; neuropathological
damage is an obvious sign of neurotoxicity.

Nonetheless, as also holds for in vitro parameters for neuronal
function, it is less clear exactly how much damage is required
before (sub) clinical symptoms occur. Solving this challenge will
require translational research to bridge the gap between in vitro

and in vivo (Llorens et al., 2012; van Thriel et al., 2012), but will be a
big step from a legislative perspective. To do so, we may need to
know the biological relevance of the hundreds of endpoints studied
in in vitro assays, including pathological endpoints.

While doing this, we need to keep in mind that the biological
relevance of a particular endpoint and the degree of effect on that
endpoint is not fixed. For example, even when looking at cell
viability, it can be challenging to determine the biological
relevance of a particular effect as the degree of biological variations
and the sensitivity of the in vitro assay may not be compatible with
the biological relevance. For in vitro cell viability data, standard
deviations of �5% are not uncommon. In practice this means that it
will be difficult to reliably establish effects of 1–2%. One could
argue that effects <5% lack biological relevance and that increasing
the concentration of the test compound will result in a larger effect
(thereby allowing for the use of a benchmark concentration).
However, depending on the in vitro model used, this can result in
false negatives. As an example, heterogeneous neuronal cultures
can consist of a wide diversity of cell types. If a particular cell type
represents only 2% of the total cell population, a specific but lethal
effect on just this single cell type will not show up in cell viability
assays, also not at higher concentrations of the test compounds.
Nevertheless, this 2% of the cells may be essential for, e.g., neuronal
network function. This may be even more challenging for
developmental neurotoxicity, where (small) effects may be
deleterious within a specific developmental window, but (rela-
tively) harmless at other developmental stages. Nonetheless, these
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difficulties can be tackled by using a battery of in vitro tests
covering multiple endpoints.

For sure, this does not mean that in vitro research is useless, but
we may need to focus on characterization of in vitro models,
identification of key processes for neuronal function and survival
in the models, and defining minimal relevant effect sizes for these
endpoints, also at particular developmental windows. Doing so
will aid in implementing the use of in vitro data for REACH and
other legislative frameworks (Bal-Price et al., 2008, 2010; Llorens
et al., 2012; van Thriel et al., 2012). Combined with validation of
the (biological) relevance of the in vitro observed effects in
alternative species (Levin et al., 2009; Peterson et al., 2008), the
increase in in vitro data will ultimately pave the way for further
implementation of in silico data in legislative frameworks as
suggested by Dr. Zarros.
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