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ABSTRACT

Development of predictive models has been accepted as an important strategy to aid in toxicity screening
of chemicals, determination of physicochemical as well as other biological activity of new molecules, and
also in the generation and optimization of lead compounds in rational drug discovery process. The journey
of quantitative structure-property relationship (QSPR) modeling started with the development of various
property-based and two-dimensional descriptors to model various physicochemical and biological proper-
ties (including toxicity). Topological descriptors contain significant information encoded in the molecular
structure. Extended topochemical atom (ETA) indices, a relatively new class of topological descriptors,
are the focus point in this chapter. ETA indices contain important information regarding the nature of the
atoms, bonds, atomic electronic environment and consider the contribution of different functional group:s,
molecular fragments, and branching to the response as evidenced by different reports showing their suc-
cessful application in modeling different endpoints including toxicity, drug activity, and physicochemical
properties. Extensive research is still going on for the refinement of the ETA indices by the incorporation
of some novel parameters, and future reports on ETA indices will include these new indices.

1. INTRODUCTION

Use of chemicals for various purposes has been
an inseparable event to human life since time im-
memorial. Starting from the ancient times to the
modern world, the use of chemicals has increased

DOI: 10.4018/978-1-4666-5125-8.ch037

to a great extent to fulfill different demands of
mankind. Millions of chemicals are synthesized
and released into the market now-a-days to meet
the need of the modern industrialization. About
56 million organic and inorganic substances
are reported to be present in the CAS registry
and there is an addition of around 12,000 new
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numbers daily (http://en.wikipedia.org/wiki/
CAS_registry_number). After synthesis and re-
lease of these chemicals, determination of their
various physicochemical properties as well as
biological activities (including toxicities) becomes
essential for various needs. Now, individual as-
sessment of this large number of chemicals for
a particular property or a number of properties
thereof is really troublesome and impracticable.
Appropriate use of computational technique can
help in this context to predict the desired property
or activity of a large number of chemicals using
the experimental values of comparatively lesser
number of chemicals. In drug discovery and de-
velopment, the ultimate main aim of research is
to synthesize novel therapuetically and pharma-
cologically active molecules with minimum side
effects and toxicity profile. Because of involve-
ment of huge time and cost in drug discovery
process, it is not possible to rely upon trial and
error method. Suitable computational technique is
very useful in guiding medicinal chemists for the
proper selection of compounds. Use of quantitative
structure—property/activity/toxicity relationship
(QSPR/QSAR/QSTR) analysis makes the drug
discovery and toxicological screening process
more successful and economic as well (Choplin,
1990; Franke, 1984). Apart from this, development
and use of computationally derived predictive
models has also got other applications, namely
in agriculture, forensic science etc. (Roy, 2004).
Regarding toxicity assessment of chemicals, the
European Union has implemented Registration,
Evaluation and Authorization of Chemicals
(REACH) program which requires human and
environmental hazard assessment of all chemicals
produced or imported >1 ton per annum (tpa) in
the European Union (Aptula & Roberts, 2006). In
order to avoid toxicity testing in animals, use of
alternative tools for the determination of potential
hazardous effects of chemicals was prescribed
in the European Union White Paper concerning
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a future of chemical policy (Christensen et al.,
2003). QSAR (QSTR) modeling has been pro-
posed by the Office of Toxic Substances of the
US Environmental Protection Agency (Auer et
al., 1990) and the Agency for Toxic Substances
and Disease Registry (ATSDR) (El-Masri et al.,
2002) to aid toxicological screening.

Biological activity or toxicity shown by amol-
ecule is aresult of its interaction with the biologi-
cal system or some specific biological receptor
using basic physicochemical forces (Andrews &
Tintelnot, 1990; Franke, 1984; Martin, 1989). The
type and extent to which a compound undergoes
such interaction is dependent on the structural
properties of the compounds. Proper encoding of
these structural features controlling activity and/
or property of a molecule in the form of numeri-
cal quantities called descriptors forms the basis
for the development of predictive models in the
form of QSPR/QSAR/QSTR. This study helps in
optimizing compounds so as to getbetter analogues
of a series of existing compounds exhibiting a
particular activity or toxicity (lead optimization).

Topological indices are simple two dimension-
al descriptors which can be easily calculated and
interpreted. These indices have been widely used
by the QSAR community to represent chemical
structures numerically (Jurs et al., 1995). A large
amount of novel research has been carried out on
model development with topological descriptors
for different endpoints from the past, and such
approaches have been found to be fruitful in many
instances. This chapter gives an overview of history
of evolution of QSAR techniques and glimpses
of different two-dimensional descriptors for ef-
fective model development and then specifically
focuses on the generation, use and applicability of
extended topochemical atom (ETA) indices which
were originally derived based on refinement of
the topochemically arrived unique (TAU) scheme
indices developed in the eighties.



31 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/on-extended-topochemical-atom-eta-indices-for-
gspr-studies/102044

Related Content

Computational Model Based on Evolutionary Primitives: Turing Machine Generalization
Oleg Granichinand Valentin Vasilev (2010). International Journal of Nanotechnology and Molecular
Computation (pp. 30-43).
www.irma-international.org/article/computational-model-based-evolutionary-primitives/4306 1

Dominant Spin Relaxation Mechanisms in Organic Semiconductor Alg3

Sridhar Patibandla, Bhargava Kanchibotla, Sandipan Pramanik, Supriyo Bandyopadhyayand Marc Cahay
(2011). Theoretical and Technological Advancements in Nanotechnology and Molecular Computation:
Interdisciplinary Gains (pp. 259-278).
www.irma-international.org/chapter/dominant-spin-relaxation-mechanisms-organic/50147

Stratagems of Nanotechnology Augmenting the Bioavailability and Therapeutic Efficacy of
Traditional Medicine to Formulate Smart Herbal Drugs Combating

Anita Margret (2017). Advancing Medicine through Nanotechnology and Nanomechanics Applications (pp.
250-282).
www.irma-international.org/chapter/stratagems-of-nanotechnology-augmenting-the-bioavailability-and-therapeutic-

efficacy-of-traditional-medicine-to-formulate-smart-herbal-drugs-combating/163684

Nanotechnology and Microelectronics: The Science, Trends and Global Diffusion
Ndubuisi Ekekwe (2011). International Journal of Nanotechnology and Molecular Computation (pp. 1-23).
www.irma-international.org/article/nanotechnology-and-microelectronics/104144

Light Amplification Analysis
(2014). Quantum and Optical Dynamics of Matter for Nanotechnology (pp. 141-213).

www.irma-international.org/chapter/light-amplification-analysis/92590



http://www.igi-global.com/chapter/on-extended-topochemical-atom-eta-indices-for-qspr-studies/102044
http://www.igi-global.com/chapter/on-extended-topochemical-atom-eta-indices-for-qspr-studies/102044
http://www.irma-international.org/article/computational-model-based-evolutionary-primitives/43061
http://www.irma-international.org/chapter/dominant-spin-relaxation-mechanisms-organic/50147
http://www.irma-international.org/chapter/stratagems-of-nanotechnology-augmenting-the-bioavailability-and-therapeutic-efficacy-of-traditional-medicine-to-formulate-smart-herbal-drugs-combating/163684
http://www.irma-international.org/chapter/stratagems-of-nanotechnology-augmenting-the-bioavailability-and-therapeutic-efficacy-of-traditional-medicine-to-formulate-smart-herbal-drugs-combating/163684
http://www.irma-international.org/article/nanotechnology-and-microelectronics/104144
http://www.irma-international.org/chapter/light-amplification-analysis/92590

