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A review on applicability of in silico methods for toxicity testing by calculation for regulatory purposes, their survey
and background of QSAR (Quantitative Structure-Activity Relationships) analysis are presented.

INTRODUCTION

The terms “experimental toxicology” and “methods
in silico” jointly in one sentence may look like absurd
conjunction. Experimental toxicology operates with ex-
perimental animals, cells, tissues, organs, with objects of
living nature; methods in silico with computers. In spite
of that the conjuction is not absurd. The in silico methods
belong to the family of alternative methods in toxicology,
which are especially suitable for testing toxicity of chemi-
cals - to identify their hazard. These methods are not
in our countries sufficiently exploited, the knowledge is
of general nature and not always positive. They live to
experience of a priority interest these days from several
reasons.

The main reason for the increasing interest is a program
of chemical safety, accepted by European Committee in
2003 called REACH, meaning “Registration, Evaluation
and Autorization of Chemicals”. The most important
topic is that both “new” and “old” chemicals are involved.
It means the demand to put forward materials on the
hazard of both chemicals newly being distributed among
people and in nature and those already used alone or in
chemical preparations without any restriction for years.
The aim is to improve environmental and human health
and to strengthen competition ability of chemical indus-
try in Europe. The program is a result of decades to find
a legislative frame related to introduction of new and new
chemicals and chemical preparations to the market, among
people and to environment. The alternative methods of
testing toxic and adverse effects of chemicals should make
it possible to fulfil demands of REACH and regulatory
norms of all states about categorization and registration
of chemicals and chemical preparations and should be
cheaper and faster than th eclassical ones. The alternative
methods also should decrease a number of vertebrates,
used for the testing according to accepted regulations and,
thus, to fulfil also the demand of 3R’, ie. Replace, Reduce
and Refine the application of vertebrates.

METHODS

Citations of original papers and more details on his-
tory, development and precedures relating to QSAR mod-
els can be found elsewhere" 2.

The experimental data on toxicity of chemicals ob-
tained during centures in experiments with laborartory
animals have been possible to collect, to validate as much
as possible and to generalize. This task in modern way
has been succeded by techniques of QSAR (Quantitative
Structure - Activity Relationships) analysis to develop
QSAR models. The modern time of these activities starts
in fifties of the last century. Thus, the data with informa-
tion adequate to that from direct experiments can be ob-
tained; quicker, cheaper and saving experimental animals.
The models are constructed for personal computers us-
ing methods of mathematical statistics. The models then
generate data like the animals together with all statistical
evaluation of their correctness, reproducibility or fit with
the experiment General “category” of this and similar
methods obtained a label in silico methods, meaning to
obtain the prediction by computer calculation. Therefore
we can easily use the idiom “experimental toxicology in
silico”.

Besides other types of in silico methods exist: (i) Physio-
logically-Based Kinetic Simulation Models (PBKM), (ii)
biological similarity and allometric equations, (iii) expert
systems based on basis of knowledge, rules and QSAR,
(iv) models built by molecular graphics, (v) Artificial
Neuron Network (ANN).

VALIDATION OF IN SILICO MODELS

The methods and models of QSAR and SAR were
chosen among others to be able to fulfil demands and cri-
teria of the programs of chemical safety namely REACH.
OECD and JRC EC organize now activities to find criteria
under which these models could be usable for regulatory
purposes to provide materials on hazard identification
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and useful for categorization of chemicals according their
toxicities.

Joint meeting of International Council of Chemical
Association and European Industry Council continued the
discussion in a workshop on “Regulatory use of (Q)SAR
for Human Health and Environmental Endpoints” in
Setubal (Portugal) on spring 2002. The aim was to unify
various regulatory usage of SAR among OECD mem-
ber countries and even between different agencies in the
same member country (not in Czech Republic where not
much application activity of this type exists besides the re-
search). Especially because no internationally harmonised
principles for assessing the development and validation
status of the (Q)SAR have existed.

A number of principles were suggested in Setubal.
The 34" joint meeting of the Chemical Committee
and the Working Party on Chemicals, Pesticides and
Biotechnology decided to strenghten activities for regu-
latory acceptance of (Q)SARs. An Expert group for
(Q)SAR validation was established which started to work
in spring 2003 and continued in September 2003 and May
2004 at the site of OECD in Paris. Recommendations of
those meetings were suggested to the 35™ joint meeting
and were agreed. Subsequently they were accepted by the
Coordination group of the Expert group for (Q)SAR.

The original Setubal principles were modified and the
following set of revised principles for validation of QSAR
compatible with computer character of the models and
usable for regulatory purposes were submitted:

The (Q)SAR models used for the regulatory purposes
should be associated with the following information: (i)
a defined endpoint, (ii) an unambiguous algorithm, (iii)
a defined domain of applicability, (iv) appropriate meas-
ures of goodness-of-fit, robustness and predictivity, (v)
a mechanistic interpretation, if possible.

QUANTITATIVE STRUCTURE
- ACTIVITY RELATIONSHIPS

QSAR (Quantitative Structure-Activity Relationships
analysis or modelling is the analysis of possible relations
between biological and physicochemical, chemical or
physical properties od a series of compounds, xenobiot-
ics, ie. compounds foreign to organisms, but supplied by
chemical industry or laboratories. The analysis is carried
out by methods of mathematical statistics and a mathe-
matical formulae usable for prediction of the biological
properties is derived:

BA, = f(X)

where BA, is a biological activity (magnitude of an ef-
fect, for us toxic or adverse effect) of a compound i, Xi
is a property connected with the chemical structure of
the compound i, f is a mathematical function derived for
a certain series of compounds. Consequently that formu-
lae can be used to predict by calculation the index of toxic-
ity (eg. LD50 with rats after oral application determined
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after 24 hours after the application) knowing value of the
physicochemical property X (i is the untested compound
belonging to a series).

Regression analysis of the techniques of mathematical
statistics is the most often used technique of the analysis.
Not the only one, however, there are many other meth-
ods which are used for the QSAR analysis like: (i) factor
analysis, (ii) principal component analysis, (iii) cluster
analysis, (iv) pattern recognition analysis, (v) discrimi-
nant analysis, (vi) artificial neuron network (ANN), and
(vii) cybernetic techniques like self-learning machine, ge-
netic algorithm, linear surface decision, etc. This list is
shown to draw attention to a variety of the methods used
for the QSAR analysis.

Statistical evaluation is an important and necessary
part of the model/equation.The only equation derived
says nothing about its correctness (see the criteria of the
validation). At least the minimum known statistical char-
acteristics must be given like an amount of pairs (biologi-
cal and physicochemical data) (n) in a series analyzed,
correlation coefficient r, standard deviation of a value
estimated by the equation (SD), statistical level of signifi-
cance of the equation.

The description of chemical structure of a compound
is joint with physicochemical, chemical or physical de-
scriptors (properties). The properties which govern the
magnitude of a biological effect (biological activity) are
separated to three groups: (i) expressing hydrophobicity
of a molecule, (ii) expressing its reactivity and electronic
effects, (iii) expressing steric factors and spatial arrange-
ment of the molecule. The fourth group can be arranged
by those properties, which are complexed and cannot be
simply defined in the three groups mentioned above (like
molar refraction, parachor).

Decadic logarithm of partition coefficient of com-
pounds between n-octanol and water (today already as
logP which is slang, correctly logP ) is the most often oc-
curing physicochemical descriptor in the QSAR equations
simulating hydrophobicity. The other hydrophobic con-
stants are used, however, too like (i) partition coefficient
of a compound between two immiscible phases (water
and gas), (ii) solubility, (iii) a constant derived from chro-
matographic data, (iv) saturated vapour pressure above
a liquid compound, (v) Hansch substituent hydrophobic
contant m, (vi) fragmental constant by Rekker.

Electronic constants (constants of reactivity) are rep-
resented especially by Hammett constant ¢ and its modi-
fications. Besides quantum chemical indices can be seen
like (i) electron density at an atom, (ii) nucleophilic su-
perdelocalizability, (iii) electrophilic superdelocalizability,
(iv) energy of the highest occupied molecular orbital, (v)
energy of the lowest unoccupied molecular orbital or (i)
resonance Swain-Lupton constant, (ii) inductive Swain-
Lupton constant, (iii) dipolemoment, (iv) Taft constant
for polar compounds or for aliphatic compounds.

The spacial arrangement can b characterized by (i)
Taft steric substituent constant E, (ii) van der Waals ra-
dius of a substituent, (ii) volume of a molecule, (iii) molar
volume (relative molecular weight/density), (iv) surface of
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a molecule, (v) relative molecular weight, (vi) topological
index of molecular connectivity.

QSAR MODELS

The main and largely used is the analysis by Hansch.
This type of QSAR models I discussed as in silico al-
ternative method for toxicity prediction (testing). The
physicochemicals descriptors used in this model can be
easily found in tables, data basis or can be calculated by
a computer software. The parabolic form of the Hansch
equation makes it possible to estimate the optimal hydro-
phobity of a molecule for an effect desired.

The basic Hansch equation is:

-log C =k, (logP )*+k, logP  +ko+k, E +k,
or
-logC=k m+k m+kE +k,o+k,

where -logC is a logarithm of an effective concentration,
constants k’s are a result of the regression analysis. The
Hansch equation covers all three properties of a com-
pound reponsible for its biological effect. A weight of the
descriptors is calculated and its significance for the predic-
tion evaluated. Often logP_ is sufficient, the other descrip-
tors contribute to the correlation insignificantly. Instead
of the descriptors logP, , 7, o or E_another descriptor
mentioned in their review above, or also unmentioned, are
used by authors. It is possible even to see a list of let us say
50 descriptors, the author applies commercial software of
factor analysis or of principle component analysis. today
such studies bring rarely anything new.

RESULTS

A total 11 case studies were already made by individual
experts or small groups of experts by applying the “QECD
principles for (Q)SAR validation”: (i) QSARs for acute
fish toxicity, (ii) QSARs for mutagenity and carcinogen-
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ity, (iii) QSARs for atmospheric degradation, (iv) METI
biodegredation model, (v) ECOSAR expert system, (vi)
BIOWIN model, (vii) DEREK expert system, (viii) hu-
man NOEL model by Multi-CASE, (ix) human NOEL
model by MDL, (x) skin sensitisation by DEREK, (xi)
rat oral chronic toxicity model by TOPKAT.

The case studies are analyzed and the application
evaluated. The tuning and acceptation of the validation
principles for the (Q)SAR models for regulatory purposes
is under the progress. Real usage of the models for “test-
ing” is, thus, not a fantasy (details of statistics and criteria
used can be found'-®).
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