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Two main aspects on the use of theoretical approaches in predicting biological endpoints are
addressed. The first concerns the appropriateness of theoretical methods and the misbelief that
more sophisticated approaches produce better results. We demonstrate that the simple graph
theoretic HMO approach produces results as good as »high level« ab initio calculations using
only 10~ to 1077 of the time. Secondly, we investigate the feasibility of using a priori »mecha-
nistic insights« in order to select the variables to be included in a QSAR model. As the major-
ity of biological response measures are not specific for one particular mechanism, the use of
this approach may well produce unrealistic results. The black box approach with its many des-
criptors and a posteriori interpretation of the results is much more appropriate in such cases
where the biological response is the result of several mechanisms involving distribution and
metabolism. All these aspects are analysed on the basis of the toxicity of PAHs after photo-
activation by UV radiation.
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INTRODUCTION

There has been great scientific, political and social inter-
est in recent years about the contamination produced by
polycyclic aromatic hydrocarbons (PAHs).! These chem-
icals are major products of combustion processes, and as
a consequence they may be found in different environ-
mental scenarios.2 Amongst the intensive research dedi-
cated to studying PAHs, modelling and prediction of
their toxicity to different species has attracted a lot of at-
tention.3-? Many PAHs are known to be carcinogenic to
humans and have been found to be toxic to aquatic or-
ganisms when activated by ultraviolet (UV) light.2

This interest has justified the use of several theoreti-
cal tools to try to understand the physicochemical pro-
cesses involved in the distribution, accumulation and to-
xicity of these chemicals in different environments.>~? In
1994, Mekenyan et al. published an interesting result
where the acute lethality of PAHs to Daphnia magna
was related to the energy gap between the highest occu-
pied molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbital (LUMO).!” Due to the complex
nature of the photo-induced toxicity, which is the result
of competing processes such as stability and light absor-
bance, a multilinear relationship between toxicity and
chemical structure was observed in this work. In fact, in
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order to obtain good correlations with the HOMO-LU-
MO gap, Mekenyan et al.'” separated the PAHs into sev-
eral groups. The theoretical methods used in this work
were the semi-empirical molecular orbital (MO) meth-
ods AM1 (Austin model 1)1 and PM3 (parameterisation
method 3).'2 The results obtained by these authors are
both theoretically sound and mechanistically interpret-
able in spite of the differences obtained between the
computed energy gap and the experimentally determined
excited state energies for the singlet and triplet states.

More recently, Betowski et al.!> published »high le-
vel ab initio calculations« for a subset of the series of
PAHs analysed by Mekenyan ef al.'% In this work, the au-
thors used post-Hartree-Fock calculations using Configu-
ration Interaction (CI) approach. The basis set analysed in-
cluded CIS/6-311G(d,p); CISD/3-21G and UHF-RHF/6—-
311G(d,p), the first was used as a compromise between
time consumption and precision of the results compared
with those determined experimentally. The time consump-
tion is not a minor problem in such calculations. Using a
Cray C94 supercomputer these authors reported a com-
puting time of 14 h 7 min 50.2 s for their calculations on
perylene using CIS/6-311G(d,p) though the time extends
to 24 days 32 min 39.2 s if CISD/3-21G is preferred. It
has been this factor, namely the monstrous consumption
of computer time in search of precision, which has moti-
vated us to carry out the current research. Firstly we wish
to make some comments about the use of quantum me-
chanical molecular models in chemistry and particularly
in QSAR (quantitative structure-activity relationships).

THEORETICAL METHODS IN CHEMISTRY

The main objectives of using theoretical approaches in
chemistry are:

(1) to explain the chemical behaviour of molecules ex-
pressed through physicochemical or biological pro-
cesses/properties and

(i1) to make predictions of such processes/properties for
other molecules. The dream of predicting chemical
behaviour from »first principles« started in the 1920s
when Dirac claimed that the development of quan-
tum mechanics opened up the possibility of predict-
ing them a priori. As recalled by Dewar almost 20
years ago,'* the Schridinger equation is not exact, it is
only an approximation where electron spin is incor-
porated in the results only as an artefact. Consequent-
ly, neither the Schrédinger nor the Dirac equation
have been solved rigorously for any multielectron
system. That is, the error is unknown.'

This fact makes the current ab initio methods of no
higher chemical value in an a priori sense, though this
does not mean they are not useful at »a less exalted
level«. The main criticism made by Dewar to quantum
theory in chemistry is described in the following para-
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graph extracted from the afore mentioned paper.!4 »There
is no question of its (quantum theory) leading to solu-
tions of chemical problems 'from first principles'. Being
purely empirical, its justification, like that of any other
empirical method, lies solely in its practical value.« As the
same author stated that the only way to validate these re-
sults is through consideration of their chemical value. Con-
sequently, we can obtain the same chemical information
at different levels of »precision« compared with the experi-
ment, which in fact means at different levels of theory.

Chemical graph theory!>16 and graph-theoretic mo-
lecular descriptors (topological indices),'”!8 have been
criticised by several authors due to their »over-simplifi-
cation« of the molecular structure as well as their lack of
physical meaning. It is known that most of the models
created by using this type of theory or descriptors are
based on the correlation between them and experimental
properties, which clearly identifies the phenomenologi-
cal nature of such approach. However, what happens
with quantum theory in this respect? Is there any sub-
stantial difference? The Roothaan-Hall (RH) self-consis-
tent field linear combination of molecular orbitals (SCF
LCAOQ) is »a curve-fitting exercise in which the parame-
ters in an arbitrary parametric function (¢) are adjusted
to make it fit a certain wave function (y). Since y is un-
known, there is no way to determine how good the fit
is.«!* In fact, the only criterion to evaluate the quality of
this fit is by using an empirical comparison with experi-
mental properties in the same way as any other semi-em-
pirical approach, such as the proper graph theory. There
are several reports where ab initio results are presented
without any experimental comparison in the belief that
they are based on »first principles«.

Concerning the topic of over-simplifications it is worth
saying that chemical graph theory is not the only exam-
ple of using them successfully in science. The use of a
liquid-drop model to represent the atoms of super-heavy
elements could be considered an over-simplification.
However, this model developed by Bohr and Wheeler!®
allowed precise predictions on the fission of uranium to
be made, and we recall again that prediction is the only
reason for the existence of such theoretical models. Pres-
ently there are no doubts about the predictability of
models created using graph-theoretical ideas in chemis-
try, such as QSPR and QSAR models. At this point the
question is: Why should not such simple models be used
to obtain important chemical insights in a fast and effec-
tive way? It is known that the Hiickel molecular orbital
(HMO) method?® describes the chemical behaviour of
PAHs very effectively. The topological nature of such an
approach has been proved and it is extensively docu-
mented in the literature.!® As we will show here, this ap-
proach is also useful in describing the excited states en-
ergies of PAHs in a comparable way to those »high level
ab initio« methods.
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THEORETICAL APPROACH

Here we will use the Hiickel molecular orbital theory
(HMO) in order to make the calculation of the electronic
structure of PAHs.?% This theory begins with two struc-
tural assumptions:

The electrons of interest initially occupy a system of
carbon 2p orbitals having a common nodal plane; that is,
with their long axes parallel; they interact to form m-type
molecular orbitals (MOs).

The rest of the electrons in the molecule occupy an
s-orbital framework (o MOs) that is orthogonal to the 2p
orbitals and therefore does not interact with them.

The linear combination of the atomic orbitals to pro-
duce molecular orbitals (LCAO-MO) of the C,, orbitals
is given as:

v =2 co0) (1)

where @(i)is a C,,, orbital on atom i. The optimum coef-
ficients and energies are found by solving the secular de-
terminant:

—-&§

H11_8S11 H12 _8S12 - H

In In

11 _8S11 H, _gsnl - H, _SSrm
where: H =.[ o) H ¢(j)dr and S, =I¢(i) @(j)dr are
the Coulomb and resonance integrals, respectively.

This secular determinant can be represented as a
graph. A graph G is a finite set of dots called vertices
connected by lines called edges.!>1® More formally a
simple graph G = (V, E) is a (usually finite) set of verti-
ces V and set of unordered pairs of distinct elements of
V called edges, E. In this particular case we are not dealing
with a simple graph but with a so-called pseudo-graph.
Informally, a pseudograph is a graph with multiple edges
or loops between the same vertices or the same vertex.
Formally: a pseudograph is a set V of vertices along a
set E of edges, and a function f from E to {{u,v}|u,v in
V}. (The function f shows which vertices are connected
by which edge.) An edge is a loop if fle) = {u} for some
vertex u in V.

The vertex i in the pseudograph is weighted by H;; —
&S;; and the edge (i, j) by the weight H;; — &S;;. If these
weights are elements of the sets &y and &g, respectively,
the weighted graph is formally defined as follows:

Definition. Let &y and &g, be finite sets of vertices and
edge weights, respectively. Let V be a finite nonempty
set of vertices, [ a total function /: V—£&y, E a set of un-
ordered pairs of distinct vertices (called edges), and y a to-
tal function y : E—&g. G=(V, [, E, y) is a weighted graph.
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The HMO theory makes the following assumptions
to reduce the complexity of the secular determinant:2°
(i) All Coulomb integrals are equal to &, regardless of the
molecular environment of the particular carbon atom.
(ii) The integrals of the form H;; are equal to zero for
non-adjacent atoms and equal to 3 for adjacent ones.
(iii) The overlap integrals S;; are set equal to 1 if i = j and
equal to zero otherwise.

These assumptions transform the graph to a pseudo-
graph with loops associated to each vertex. This implies
that the secular determinant of the HMO approach can
be expressed in terms of the adjacency matrix of this
graph as follows:

(@—&)+BA =0 3)

where I is an unit matrix of order n and the elements of
the adjacency matrix A are defined as follows:!©

i

| lif i and j are adjacent
0 othervise

If we divide the expression (3) by 8 and substitute
for y=(a—¢)/ B, the problem of finding the energy of
the molecules is reduced to the calculation of the eigen-
values of the adjacency matrix of the corresponding graph.
These calculations can be carried out using a simple
program in MATHCAD or using programs which are
accessible on the web: www.chem.ucalgary.ca/SHMO/.

EXCITATION ENERGIES OF PAHs

According to the mechanism of PAHs toxicity, these
compounds absorb UV energy producing excited triplet
states, which then transfer the energy to molecular oxy-
gen producing singlet molecular oxygen or other free
radicals. These radicals can react with cellular compo-
nents and macromolecules thus producing damage.?!
Hence, the study of the excited state energies of PAHs
constitutes an important factor in understanding their
phototoxicity. Figure 1 depicts the molecular structures
of the PAHSs studied by Betowski et al.!3 (the first nine
structures) which are included in the current study. We
extend this data set to other nine structures to a total of
18 taken from the work of Mekenyan et al.'® Fluorenes
were not included in the current study on account of the
presence of a CH, group which breaks the conjugation
of the molecule and makes it unavailable for the simple
HMO treatment. It is known that this group can be
treated as a heteroatom in the HMO and the energy can
be calculated after the inclusion of a parameter for this
group.?’ However, for the sake of simplicity we ex-
cluded this compound from the current analysis as our
objective could be fulfilled without its consideration.

Using the HMO approach we computed the HOMO-
-LUMO difference for these compounds that are given
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in Table I together with those calculated by Betowski et
al.3 using ab initio CI1S/6-311G(d,p) and those calcula-
ted by Mekenyan et al.'” by the semiempirical AM1 and
PM3 methods. In the last row of this table we give the
correlation coefficient for the linear regressions between
the experimental excitation energy and those calculated
by the methods analysed for the reduced data set of Be-
towski et al. and for the extended one of 18 compounds.
As can be seen from the correlation coefficients of the
linear regressions with the experimental triplet excitation
energies, in the reduced data set the simple HMO values
produce results as good as the high level ab initio CIS/
6-311G(p,d) and better results than those obtained using
the semiempirical quantum chemical methods AM1 and

Anthracene Benzo[a]pyrene
Fluoranthene Naphthacene

Dibenz[a,h]anthracene

Pyrene

Triphenylene Benzo[g A i]perylene
Benzo[b]chrysene Benzo[b]triphenylene
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PM3. These differences with the semiempirical methods
increases dramatically for the extended data set where
the HMO method gives much better models than AM1
and PM3 methods. The linear correlation between the
HMO HOMO-LUMO gap and the experimental excita-
tion energies of the triplet state is illustrated in Figure 2.

At this point, the conclusion of the current work is
very straightforward: for the analysis of the excitation
energy of PAHs, which can be involved in the phototoxi-
city of these chemicals, the HMO theory produces re-
sults as good as high level ab initio calculations but in
about 10~ the time consumed by the last calculations at
the CIS/6-311G(p,d) level or in 107 the time consumed
by CISD/3-21G level. Other savings are the disk usage

7
) (1
e

N

Benzo[e]pyrene Chrysene
Perylene Phenanthrene

Benz[a]anthracene

Coronene

Benzo[k]fluoranthene

Dibenz[a,j]anthracene

Figure 1. Molecular structures of the PAHs studied in the current work.
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Table I. Experimental and calculated (by four different theoretical approaches) values of the triplet excitation energies of

PAHs (E/eV)
No. Compound Exp. CIS/6-311G(d,p) AM1 PM3 HMO ()

1 Anthracene 1.84 2.08 7.284 7.279 0.828
2 Benzo[a]pyrene 1.83 2.12 6.812 6.817 0.742
3 Benzo[e]pyrene 2.29 2.48 7.362 7.365 0.994

4 Chrysene 2.48 2.61 7.693 7.713 1.04
5 Fluoranthene 2.29 2.58 7.701 7.680 0.989
6  Naphthacene 1.27 1.54 6.517 6.517 0.590
7  Perylene 1.53 1.90 6.700 6.712 0.694
8  Phenanthrene 2.68 2.75 8.207 8.202 1.210
9  Pyrene 2.10 2.35 7.239 7.239 0.890
10 Dibenz[a,h]anthracene 2.25 - 7.452 7.458 0.946
11 Benz[a]anthracene 2.07 - 7.392 7.395 0.904
12 Benzo[k]fluoranthene 2.18 - 7.389 7.382 0.860
13 Triphenylene 2.92 - 8.215 8.204 1.368
14 Benzo[g,h,i]perylene 2.00 - 6.957 6.971 0.878
15  Coronene 2.40 - 6.967 6.907 1.078
16  Dibenz[a,jlanthracene 2.28 - 7.119 7.035 0.984
17 Benzo[b]chrysene 1.96 - 6.06 6.519 0.810
18  Benzo[b]triphenylene 2.20 - 7.163 7.088 0.998
RZ® 0.978 0.899 0.904 0.968
R>® 0.612 0.669 0.943

@ Correlation coefficient for the first 9 compounds. ® Correlation coefficient for the whole data set.

Triplet energy (Exp) / eV

1.0
0.5

0.6 0.7 0.8 0.9 1.0 1.1 1.3 1.4

HOMO-LUMO gap (HMO)

1.2

Figure 2. Linear plot of calculated (HMO) vs. experimental triplet
excitation energies of the 18 PAH:s.

that for CIS calculations is of 223 MB and for CISD/
3-21G is 8034 MB. We want to call attention that we are
not criticising the necessity of high level theoretical cal-
culations in understanding chemical behaviour but the
indiscriminate use of such calculations when the sim-
plest ones produce the same results. As described earlier,
Dewar!# stated that the usefulness of any theoretical ap-
proach lies in its ability to reproduce experiments. Here

it is obvious that the simple (graph-theoretical) HMO
theory is able to reproduce the experimental excitation
energies of PAHs to a high level of precision.

THE PROBLEM OF THE TOXICITY OF PAHs

The main motivation in modelling the excitation ener-
gies of PAHs was the phototoxicity of these chemicals.
Whilst it is known that most PAHs exert only narcotic
toxicity at environmental concentrations, the toxicity of
some of them is significantly increased by UV-photoac-
tivation.2!-20 In analysing the phototoxicity of PAHs,
Mekenyan et al.'% and Betowski et al.!? used the data
produced by Newsted and Giesy in 1987.27 In reality
there is no linear correlation between the toxicity of
these chemicals after photochemical activation and the
energy of the singlet or triplet states. We have called
here »toxicity after photoactivation« instead of phototo-
xicity with all the intention because when Newsted and
Giesy?’ measured the toxicity of these chemicals they
measured a global property of the biological system af-
ter the UV radiation was applied to it. However, this
measurement (as many biological measurements) is not
specific for the toxicity produced by the action of UV ra-
diation but as a consequence of several possible mecha-
nisms including the phototoxic one.?8

Croat. Chem. Acta 77 (1-2) 203-211 (2004)
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If we plot the values of toxicity versus the HOMO-
-LUMO gap obtained by any of the theoretical methods
used by Mekenyan et al.,'” Betowski et al.! or the cur-
rent work we obtain a graphic like that illustrated in Fig-
ure 3.

o
Pyrene
o

Benzo[a]pyrene
Anthracene

o
26 Chrysene
o
Perylene

log(1/ALTS0)

-3

-3.2

o
Naphthacene

o Fluoranthene

© Benzo[e]pyrene

o

Phenanthrene

0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
HOMO-LUMO Gap (HMO)

Figure 3. Typical plot of HOMO-LUMO gap versus toxicity after
photoactivation of PAHs.

Some of the compounds in this limited data set, such
as perylene, benz[a]pyrene, fluoranthene, benz[e]pyrene,
phenanthrene and chrysene have a bay region as illustra-
ted in the following scheme:

Bay region

N

Scheme 1.

The importance of the presence of the bay region in
some of these compounds can be understood by the role
that this region plays in the toxicity of PAHs. Adducts
are preferentially formed at this region since it provides
an area of steric hindrance for detoxifying enzymes,
whilst allowing oxidation to occur easily (see for in-
stance Ref. 28, pp. 204-208).

Accordingly, it is probable that in measuring the to-
xicity of PAHs after photoactivation by UV radiation at
least two competitive mechanisms are involved (we will
go again to the problem of mechanisms later in this work):

Mechanism 1. Activation of the PAH molecule by UV
light to the triplet state and the reaction of it with molec-
ular oxygen giving rise to radical species which can re-
act with macromolecules or tissues to produce the toxic
effect.

Mechanism 2. Metabolic activation of PAH molecule by
enzymes (mainly CYP1A1) to form electrophilic epoxi-
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/ NH
A

Figure 4. Mechanisms of DNA damage of PAHs after metabolic
activation with participation of the bay region.

des on the A ring, which are then transformed into diols.
Formation of an epoxide in the bond closest to the bay
region that can react with nucleic acid purines, e.g. gua-
nine (see Figure 4), formation of diol-epoxides may re-
sult in carcinogenicity.

If this hypothesis is valid then it is impossible to ex-
pect a relationship between the toxicity and the HOMO-
-LUMO gap as the exclusive parameter. The relationship
found by Newsted and Giesy?’ using the energy of the
triplet state is non-linear and Mekenyan et at.'0 tried to
solve this non-linearity by dividing the data set into two
sub-sets. However, at the moment there is no clear evi-
dence to confirm that only the photoactivation of the
PAHs to the triplet state and the further transfer of this
energy to oxygen generating radicals is responsible for
the toxicity observed for these compounds. Conse-
quently, the exclusion of other possible mechanisms
such as the formation of epoxides is not justified at all,
and the use of only one descriptor namely the HOMO-
-LUMO gap energy in the QSAR model appears not
fully justified.

QSPR/QSAR MODELS, OCCAM'S RAZOR
AND »MECHANISTIC INTERPRETATIONS«

One of the current authors has previously stated that for
the development of QSAR/QSPR models it is desired: 2°

»to have as many molecular descriptors as
possible at your disposition but to include as
few as possible into the model«.

The number of descriptors will guarantee coverage
of the molecular structure space more efficiently than if
limited to only a few descriptors, e.g. log P. The second
part of this requisite is a sort of Occam’s razor for main-
taining the simplicity of the model under certain limits.
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In its original form, the Occam’s razor states that » Num-
quam ponenda est pluritas sin necesitate«, which can be
translated as »Entities should not be multiplied beyond
necessity«. In this case simplicity is loosely equated
with the number of parameters in the model. If we un-
derstand predictive error to be the error rate for unseen
examples, the Occam’s razor can be stated for the selec-
tion of QSAR/QSPR models as:

OSAR/QSPR Occam’s Razor. Given two QSAR/QSPR
models with the same predictive error, the simpler one
should be preferred because simplicity is desirable in itself.

This statement is domain specific and it does not
deny the utility of the more complex models in other
particular scenarios. For every domain where a simpler
model is more accurate than a more complex one, there
exists a domain where the reverse is true.3Y This rejects
any argument about which model is preferable in gen-
eral. Consequently, this denies the argument about
which theoretical approach is preferable in general: em-
pirical, semiempirical or ab initio. In the particular ex-
ample of PAHs we have proved that the simpler, HMO
approach produces similar error to the more complicated
ab initio calculations and much better results than the
semiempirical ones that use a large number of »fitting«
parameters. According to the Occam’s razor philosophy
in this particular scenario it is of greater preference to
use the HMO method than the other theoretical ap-
proaches. This kind of philosophy can be extended to
the use of descriptors instead of approaches giving a
general space for the use of the different types of molec-
ular descriptors now in use in QSAR/QSPR.

The second point that requires some clarification is
with respect to the »mechanistic interpretation« of the
models developed. Some authors prefer some molecular
descriptors or approaches to others because they claim
that the first are more mechanistic than the second ones.
Amongst those »mechanistic« descriptors that some au-
thors prefer, the n-octanol/water partition coefficient
(log P) is the star. There is no doubt about the importance
that lipophilicity plays in the development of the biolog-
ical activity as well as there is no doubt about the impor-
tance of electronic or steric effects. However, the use of
the term mechanistic for these descriptors is not justified
at all and it could reflect a lack of understanding of the
proper term »mechanistic«. Firstly we will make an ap-
proach as to what we understand by mechanism.

Mechanism. A system of correlated parts working recipro-
cally together to give a final response.

In the particular case of a physicochemical process,
e.g. partition between two phases, the final response is
the physicochemical property, such as the log P, and the
correlated parts are the set of inter- and intra-molecular
interactions and physicochemical changes that take place
during partition. Even in the simplest cases of physico-
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chemical properties, the mechanisms are quite complex
and their understanding is only possible at certain levels
of approximation. When we refer to biological mecha-
nisms we have to make the distinction between specific
biological properties and global responses of organisms.
The first are well exemplified by the chemical-protein
interactions, such as enzyme inhibition. In this case, the
understanding of the mechanism is reduced to the know-
ledge of the interactions between the chemical and the
active site of the protein, as well as the changes that take
place during these interactions. The global biological ac-
tivity is referred here as those biological properties that
are measured as the global response of an organism with-
out considering the particular interactions of the xenobiotic
with particular biological receptors. This is the case for
the phototoxicity analysed here, other examples include
skin sensitisation, carcinogenicity, and ecotoxicological
endpoints such as LDs in different species, efc. In these
cases the mechanism must include the penetration of the
xenobiotics into organisms, their distribution, metabolism,
general and specific interactions with organs, cells, re-
ceptors, efc. As it is obvious, a highly complex combina-
tion of processes.

Now, we can revisit the problem of designing some
molecular descriptors or approaches as mechanistic
ones. Using the example of log P and a global biological
response that we will designate generically as Act. Sup-
pose that we generated a QSAR model for Act as a func-
tion of log P: Act=a+ blog P. As we have assumed a
priori that log P is a »mechanistic« variable we believe
that we have a mechanistic interpretation of the biologi-
cal response. However, if we try seriously in giving such
interpretation we follow no simple difficulties. For in-
stance, we have more than one possible mechanistic in-
terpretation for the presence of log P in this QSAR mo-
del. Here are only three of them:

(1) the biological activity (Act) depends on the capacity
of the xenobiotic to penetrate through lipophilic bar-
riers, like the cell walls. The more lipophilic the
compound is (because b is positive) the greater such
capacity and higher the biological activity or

(i1) the biological activity (Act) depends on the capacity
of the xenobiotic to interact with a hydrophobic
pocket in a particular protein. The more lipophilic the
compound is (because b is positive) the greater such
capacity and higher the biological activity or

(iii) the biological activity (Act) depends on (i) and (ii).

As we can see at this point we have not gained any
new insight about the system of correlated parts working
reciprocally together to give the final biological re-
sponse. Hence, there is no mechanistic interpretation for
such model. The only thing that we can say is that the
biological activity increases when the log P increases.
The same can be said if the model were created through
using molecular connectivity: the biological activity in-
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creases (decreases) when molecular connectivity in-
creases (decreases). In closing, log P is not more or less
»mechanistic« that the connectivity index. Ab initio
CIS/6-311G(d,p) HOMO-LUMO gap is not more or less
mechanistic than the HMO one for the PAH compounds.

If there are no differences in terms of mechanistic in-
terpretation of models between one and another descriptor
or approach why do we read in the literature statements
like »Topological indices, however, are difficult to inter-
pret mechanistically and the use of other descriptors in
QSAR is preferable«.3! This statement from Cronin et al.?!
is not only false but lacks any fundamental basis. It is
the consequence of the wrong application of the Occam’s
razor philosophy. The same that can conduce to deny
general relativity because it makes more assumptions
that Newton’s gravitational law, and it is far more com-
plex. The practioners of this wrong application of the
Occam’s razor can find quite illustrative that the model
of a flat earth is preferable to that of a spherical one be-
cause the first is a linear model, while the second is qua-
dratic and no better at explaining everyday observations
in the Middle Ages.

CONCLUSIONS

There are two straightforward conclusions from the cur-
rent work. The first is related to the use of theoretical
approaches in Chemistry. The selection of one theoreti-
cal approach or another should be carried out only on
the basis of the utility of the model developed using it.
Considering that all approaches used in chemistry are
empirical, their unique value resides in their practical
correspondence with the chemical reality. Hence, the se-
lection of one approach over another should be based on
the predictability and simplicity of the model developed.
Sometimes simple approaches give results better or as
good as more sophisticated ones, saving time and effort
and producing the same results more simply.

The second lesson from the current work concerns
the »mechanistic QSAR« approaches. The biological re-
sponse of one organism to a xenobiotic is a very com-
plex function that depends on several mechanisms of
distribution, metabolism, and interactions of this chemi-
cal in the biological system. The assumption of one par-
ticular mechanism should be based on a careful selection
of the biological experiment carried out in order to guar-
antee that this particular mechanism is the only one de-
termining the biological response. In many cases what is
being measured experimentally is the result of an amal-
gamation of different biological processes condensed in
one numerical value that we call the biological response
(activity, toxicity, efc.). In this context, the selection of
one physicochemical variable a priori when dealing
with one particular mechanism is very risky as we can
ignore important variables that influence the other mech-
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anisms participating in such a response. Consequently,
considering the biological system as a black box and us-
ing several physicochemical, molecular and structural
descriptors to derive the QSAR is a better and less risky
choice in this case. The interpretation of such model a
posteriori by considering several of the possible mecha-
nisms can give rise to some important insights about the
way in which the biological response is produced. How-
ever, this is a difficult task as in many cases not all the
mechanisms are known. On the other hand, in most
cases the same variables in the QSAR are describing dif-
ferent mechanisms simultaneously, making it difficult to
interpret their role in the model.
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SAZETAK

O uporabivosti graf teorijskih opisivaca u predvidanju teorijskih parametara. Fototoksi¢nost
policiklickih aromatickih ugljikovodika

Ernesto Estrada i Grace Patlewicz

Razmatrana su dva glavna aspekta teorijskoga pristupa predvidanju biologijskih svojstava molekula. Prvi
se aspekt odnosi na prikladnost teorijskih metoda i na krivi nazor da sofisticiranije metode daju bolje rezultate.
Autori su pokazali da jednostavna HMO metoda u graf teorijskoj formulaciji daje rezultate koji su jednako
dobri kao ab initio racuni visoke razine, ali sa znantno manjim utroSkom vremena. Drugi se aspekt odnosi na
ispitivanje izvedivosti uporabe a priori mehanistickih ideja u pokuSaju selektiranja varijabli za uporabu u QSAR
modeliranju. Medutim, kako veéina biologijskih svojstava nije specifi¢na za neki pojedini mehanizam, onda
ovaj drugi pristup moZe rezultirati u neprihvatljivim predvidanjima. U takvim sluc¢ajevima, kada je biologijsko
svojstvo odraz vise mehanizama koji ukljucuju distribuciju i metabolizam, prihvatljivije je rabiti pristup crne
kutije i a posteriori interpretirati dobivene rezultate. Svi su ovi pristupi analizirani pomocu toksi¢nosti polici-
klickih aromatickih ugljikovodika nakon fotoaktivacije s UV zrac¢enjem.
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