Introduction

Clozapine is a highly-effective antipsychotic agent whose use is limited
by the potentially lethal side effects of agranulocytosis?, myocarditis
and dilated cardiomyopathy?. Clozapine is metabolized to a reactive
nitrenium ion by activated human neutrophils and bone marrow cells,
possibly leading to agranulocytosis® either by direct cytotoxicity or by
covalent binding to proteins key for function of the cells. The closely-
related antipsychotic olanzapine also has the potential to form reactive
metabolites, however this compound lacks the hematotoxic effects of
clozapine. Using the comprehensive chemistry, pharmacology and
systems biology content and tools in MetaDrug™ we have identified
potential reactive metabolites of clozapine and shown that the
nitrenium ion metabolite may activate neutrophils, leading to enhanced
cytotoxicity. Mapping the predicted biological targets of the reactive
metabolite to biological functions showed that clozapine has the
potential to impact canonical pathways involved in GPCR regulation of
smooth muscle tone, and Ca2*-dependant NF-AT signaling in cardiac
hypertrophy. While olanzapine has a similar metabolite and target
profile, olanzapine impacts fewer targets in key toxicity pathways. Thus,
using an in silico chemical and knowledge-based approach, we were
able to identify metabolic transformations and biological processes
potentially related to the development of agranulocytosis and
myocarditis that may be differentially affected by clozapine and
olanzapine, and help to understand their different toxicological
liabilities.
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Reactive metabolites predicted for clozapine. Metabolite 12
is a reactive nitrogen species of the type thought responsible
for the hematotoxicity of clozapine

A subset of the 72 possible targets for the reactive metabolite of clozapine
identified from structurally-similar compounds in the MetaDrug database,
which contains > 670,000 structures, > 215,000 of which interact in some

fashion with proteins in the global interactome network.
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Enrichment analysis of the predicted targets of the reactive clozapine
metabolite across biological functional processes reveals a potential for

impact on inflammatory processes.

Involvement of the predicted targets in neutrophil activation reveals the
potential for generating reactive oxygen species that may in turn generate

more of the reactive metabolite.
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Comparison of the predicted targets of clozapine and olanzapine and their
metabolites reveals that, while 33 targets are shared between the 2 profiles,
clozapine and its metabolites impact 14 more targets than olanzapine.
Enrichment analysis across canonical pathway maps reveals possible effects
on smooth muscle tone and cardiac hypertrophy.
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Deeper investigation of the
map “GPCRs in the Regulation
of Smooth Muscle Tone”
identifies  associations  with
blood pressure regulation and
cardiomyopathy. Clozapine
targets on the map that have
known associations  with

cardiomyopathy are flagged.
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The map “(Ca2+)-dependent
NF-AT signaling in cardiac
hypertrophy” displays a link
between the predicted
targets of clozapine (p) and
cardiomyopathy (d).
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Conclusions

+ Chemical rules-based metabolite prediction identified
the reactive and potentially cytotoxic metabolites of
clozapine.

*A database of chemical structures linked to
pharmacological properties enabled an in silico
approach to target profile prediction for clozapine,
olanzapine, and their metabolites.

« Functional ontology analysis of the predicted targets
of the putative hematotoxic metabolite of clozapine
revealed impacts on inflammatory processes and
neutrophil activation, leading to enhanced reactive
metabolite generation and cytotoxicity.

« Enrichment analysis across >680 canonical pathway
maps representing well-characterized signaling and
metabolic processes revealed potential effects on
blood pressure and cardiac hypertrophy indicating the
cardiotoxic potential of clozapine

« The combination of structural analysis with functional
biological analysis presents a powerful approach to
the in silico evaluation of potential safety issues.
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