
Introduction

A common problem for  toxicologists 
is  finding  a  molecular  rationale  for 
unexpected toxic endpoints.

At a conference in 2006, Boyer1 

described an unexpected observation 
of testis degeneration in rats, when 
studying a series of compounds 
consisting of a “lipophilic core 
connected to a nicotinic acid”. 
Subsequent work suggested that 
undesirable interactions with retinoic 
acid receptors (RARs) might be the 
molecular basis of this effect.

Although Boyer was not able to 
disclose full details of the compounds 
because they are proprietary, he 
nevertheless issued a challenge to 
those present. Is it possible to 
integrate data in such a way that 
diverse sources of information such 
as gene-knockouts in model 
organisms, chemistry and pathology 
data can be combined to reveal the 
likely mechanism of this (and other) 
unexpected toxic endpoints?

Here we attempt to answer that 
challange using ToxWizTM, a 
comprehensive software and 
database system designed to help 

make decisions in toxicology and 
many other areas of drug discovery.

The system works by exploiting a 
network of thousands of interacting 
genes, proteins, chemicals, pathways 
and biological effects, including toxic 
endpoints and diseases. The 
neighbourhood of a molecule in the 
system captures everything that has 
been observed about it in the past, 
either in the public domain or in 
company proprietary datasets. 

Chemical search for nicotinate

Our first step is to perform a 
substructure search of the ToxWiz 
database for compounds linked to 
biology known to involve a nicotinic 
group. This search yields 19 
compounds containing the nicotinic 
group (Figure 1).

These 19 are then inspected  to 
identify those that contain lipophilic 
substituents, like the compounds 
described by Boyer.  

Removing compounds that do not 
contain true nicotinate groups (for 
example, the drug Amlexenox, in 
which the nicotinate group is part of a 
larger ring system) and those without 

lipophilic substituents, leaves us with 
between 10 and 12 compounds, 
depending on how we define the 
lipophilic groups.

Figure 1 Some of the 19 compounds returned 
using  a  chemical  substructure  search  with 
nicotinic acid (highlighted)

Mapping the compound set 
onto toxic endpoints

This set of molecules is then mapped 
onto over 400 toxic endpoint clusters 
in the ToxWiz database (Figure 2).
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Each cluster contains chemicals, 
genes and proteins that have 
previously been associated with each 
endpoint. The mapping process 
considers whether each molecule in 
the set is inside a given cluster, or if it 
interacts with molecules inside a 
cluster. The clusters are then ranked 
according to a statistical significance 
which accounts for the abundance of 
proteins in biological processes and 
the size of pathways. For interactions 
it also considers the strength, or 
confidence, of the interaction, for 
example giving a greater weight to 
manually curated interactions than 
those determined from text-mining. 
The clusters are then listed in order 
of significance on the right of the 
map.

Testis atrophy and testis 
degeneration are among the highest 
ranked clusters (first and third, 
respectively). You can also see that 
only three of the compounds map 
with any significance to endpoints. 
Inspection shows that several of the 
compounds are from high-throughput 
assays in PubChem and lack any 
literature evidence about their 
biological function. 

The power of the network is 
illustrated by the map in Figure 2. 

Solid lines indicate the direct 
presence of molecules inside a 
cluster, implying that there has been 
at least one previous observation of a 
direct relationship between the 
molecule and the endpoint.

By contrast, dashed lines indicate an 
indirect relationship, in which the 
molecule interacts with something 
(usually a protein) inside the endpoint 
cluster. Such compounds might have 
a secondary effect.

Previously observed 
xenobiotics that cause testis 
problems

The association of nicotinic acid to 
problems in the testis is most likely 
due to processes downstream from, 
or related to, toxicity induced by 
phthalates and other similar 
molecules2. Phthlates are known to 
influence RAR in the course of 
causing testis developmental 
problems3,4.  Searches within the 
system also identify key problems.

Nicotinates with lipophilic 
substituents acting on RARα

One of the compounds containing 
lipophilic attachments is the drug 
Tazarotene (Figure 3), an optical 

retinoid used for the treatment of 
psoriasis.  This compound is more 
active against RAR beta or gamma 
than alpha, but it does show activity 
against RAR alpha5.

Tazarotene acts by affecting 
activities of RARs.  The compound 
itself is not associated with testis 
problems, only with the receptor 
(hence the dashed lines in Figure 2). 
Indeed, no evidence of testis 
problems has been found for this 
compound. Although, as it acts by 
targeting this receptor that is, 
perhaps, unsurprising. But because it 
conforms to the pattern mentioned by 
Boyer in his presentation, the 
proprietary compounds could be 
acting in a similar way.

Figure 3 Tazarotene

The molecular details of the 
prediction 

Displaying the cluster for testis 
degeneration and then adding to it 
the compounds from the search, 
creates a pathway-like diagram that 
might explain how the compounds 
are eliciting their effect (Figure 4).  In 
particular, relationships with both 
RARα and peroxisome proliferative 
activated receptor alpha (PPARα) 
are apparent among the compounds 
known to cause developmental 
problems in the testis.

Figure  2  Mapping  compounds  containing  nicotinic  acid  without  significant  polar  group 
substituents



Summary

This retrospective analysis 
demonstrates the great predictive 
potential of ToxWiz. Moreover, its 
ability to deal with the concept of a 
group of compounds rather than just 
one compound can be a great 
advantage when studying a series of 
molecules, or when considering the 
best substituents to try during lead 
optimization studies. Knowledge of 
previous studies is always a great 
benefit in designing new ones, and 
ToxWiz can be an effective way of 
finding this information quickly.
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Figure 4 The testis degeneration cluster, showing connections between proteins/chemicals, and with Tazarotene added (and connected to RARα)
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