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Abstract

An application of the molecular topological index, adapted for heterosystems, in
the QS AR study of toxicity of alkyl alcohols on fathead minnows (Pimephales promelas)
is examined. The obtained QSAR model is comparable to models based on the Wiener
number and the connectivity index.

Recently, a novel graph-theoretical index, named the molecular topological
index (MTI) or the Schultz index after its originator [1], has been introduced [2]. It
has also been extended to heterosystems [3]. Since the MTI index is a molecular
descriptor with a number of attractive features [2], we decided to test its applicability
in quantitative structure—activity relationships (QSAR) studies. The toxicity of alcohols
on fish was selected for this purpose because the problem has already been treated
with the connectivity index of Randi¢ [4] with some success [5]. The connectivity
index and its variants are the most successful graph-theoretical descriptors to date to
be used in QSAR work [6,7] and thus we will be able to investigate how the MTI
descriptor performs in comparison with the connectivity index on the same sample.
We will also compare the QSAR model based on MTI with the model based on the
Wiener number. The Wiener number [8] is another topological index which is used
in structure—property—activity studies with considerable success [6,9].

The toxicity of alcohols on fathead minnows (Pimephales promelas) are taken
from the data base of toxicity of commercial chemicals on fish published by the
Center for Lake Superior Environmental Studies [10]. Toxicity tests on fish were
conducted under controlled and uniform conditions. Mortality was recorded at 96 h
and their LCsq data were calculated and reported as g/f or mg/f. Those data were
recalculated in molar units (mmol/#) and their logarithms are used as toxicity variables
in this work.
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The MTI is defined as [11]

N
MTI =Y e;, )
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where ¢; are elements of the row marix
'D[A + D] = [61 €3y .0 ., EN]. (2)

A is the adjacency matrix, D is the distance matrix, and v is the valency row matrix.

The MTTI index is extended to heterosystems [3] by replacing the elements
of the adjacency matrix and the distance matrix corresponding to the heteroatoms
and heterobonds with the values representing the corrections introduced for the
change from the carbon atom to the heteroatom. This was done by considering their
atomic numbers.

The corrections related to heteroatoms and heterobonds, denoted as the atomic
parameters and the bond parameters, are

Z

atomic parameter = 1 — ~—C— 3)
1 Z3

bond parameter = — —=—, 4)
be ZiZ;

where Zq is to atomic number of the carbon and Z; the atomic number of atom i.
The values of b, are 1,2 and 3 for a single bond, double bond and triple bond,
respectively. In the case of the adjacency matrix, the diagonal elements corresponding
to heteroatoms are identical to (3) and the off-diagonal elements corresponding to
heterobonds to (4). In the case of the distance matrix, the diagonal elements
corresponding to heteroatoms are also identical to (3). Since the off-diagonal elements
in the distance matrix represent the length of a shortest path between sites i and j,
eq. (4) represents a weight of a single bond which contributes its weight to the path
count between i and j.

Tables of the values corresponding to (3) and (4) are available [12] or can
be easily computed.

In table 1, we give as an illustrative example the computation of the MTI for
2-methyl-1-propanol.

Proti¢ and Sablji¢[5], in their QSAR study of toxicity of commercial chemicals,
used the zero-valence connectivity index (Ox"). This index is defined as [7,13]
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Table 1

The computation of the MTI for 2-methyl-1-propanol

$))

(2)

(3)

@

®

®

Q)

Molecular graph for 2-methyl-1-propanol. The black dot denotes the position of the oxygen
atom in the graph

Its valency matrix

v=[13211]

Its adjacency matrix

0 1 0 0 0
1 0 1 0 1
A=]0 1 0 0.75 O
0 0 075 025 0
0 1 0 0 0

Its distance matrix
0 1 2 2.75 2
1 0 1 1.75
D=| 2 1 0 0.75 2
2.75 175 0.75 0.25 275
2 1 2 275

Its adjacency-plus-distance matrix

0 2 2 275
2 0 2 1.75 2
A+D=| 2 2 0 1.50
2.75 175 150 0.50 2.75
2 2 2 275 0

Its v[A + D] matrix
v[A +D]=[14.75 9.75 11.5 14.25 14.75]

Its MTI index
MTI = 65.00
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where & is the valence delta value of atom i. This quantity may be computed by
means of the following expression:

ZY —H;
5Y=_.._l__.._.‘_, (6
Y Y A | )

where Z; is the atomic number and Z; the number of valence electrons of atom i.
H; in (6) is the number of hydrogen atoms attached to atom i.

The Wiener number W is given as a half-sum of the elements of the distance
matrix [14]

W=%szw. (N
i

In the case of the heterosystems, the distance matrix is constructed as described
above. In fact, for a given (hetero)system, the same distance matrix is used to
compute MTI and W.

The toxicities (in terms of log LCsg) of 12 alkanols (alkyl alcohols) together
with their MTI values, Wiener numbers and zero-order valence connectivity indices
are given in table 2.

Table 2

Toxicities of alkanols on fathead minnows and the corresponding MTI
values, Wiener numbers and zero-order valence connectivity indices.

Alkanol log LCs® MTI w Oy

methanol 2.96 3.50 0.875 1.447
ethanol 2.50 14.50 3.625 2.154
l-propanol 1.88 35.75 9.375 2.861
1-butanol 1.37 71.00 19.125 3.569
2-propanol 2.16 33.50 8.375 3.025
2-methyl-1-propanol 1.28 65.00 17.125 3.732
1-hexanol -0.02 199.50 54.625 4983
2-ethyl-1-hexanol - 0.66 370.00 102.125 6.560
1-octanol -097 432.00 118.125 6.397
1-nonanol -1.40 597.25 162.875 7.104
1-decanol -1.82 800.50 217.625 7.811
1-undecanol -2.229 1045.75 283.375 8.518

2 Experimental values are taken from ref. [10].
®This value is taken from ref. [15].

We have examined several linear and non-linear correlations between log LCsq
and three topological indices (TI) used in this work. Here, we report explicitly the
linear models and quadratic models (with log TI):
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(@) Linear models

log LCso = 1.890(£0.280) — 0.005(£0.001) MTI, ®)
n=12, r=0.926, s=0.716, F = 60.6;

log LCso = 1.892(+0.276) — 0.018(+0.002) W, ©)
n=12, r=0.928, s=0.707, F = 62.4;

log LCsp = 4.115(£0.132) — 0.762(£0.025) %", (10)
n=12, r=0.995, s=0.193, F =959.3.

(b)  Quadratic models (with log TI)

log LCs= 3.004(£0.192) + 0.393(£0.218) log (MTI)
—0.717(£0.057) (log MTI)?, (11)
n=12, r=0.9986, s=0.106, F = 1596.0;

log LCsp = 2.971(£0.081) — 0.422(£0.134) log W
—0.700(£0.049) (log W)?, (12)
n=12, r=0.9989, 5s=0.095, F=1998.2;

log LCsp = 2.975(£0.310) + 1.169(+ 1.159) log %"
—7.309(£0.987) (log %¢*)?, (13)
n=12, r=0.996, s=0.178, F=563.7.

From the above results, we learn that the linear model with Ox" is superior
to the related models with either MTI or W. The quadratic model with log %"
represents an insignificant improvement over the linear model. This improvement
is not worth the labor required to produce the quadratic model with the log %"
value. Therefore, we have confirmed the known results that the linear QSAR model
with %" represents “an accurate tool for assessing the level of toxicity” [5] of
alcohols on fish. A plot of log LCs versus %" is shown in fig. 1.

In the case of models with MTI and W indices, the improvement on going
from the linear model to the quadratic model is considerable. The most accurate
QSAR model appears to be the quadratic model with log W. However, a pleasant
surprise is to notice how good is a quadratic QSAR model with log MTT. Its performance
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Fig. 1. A plot of log LCsq versus %".
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Fig. 2. A plot of log LCs, versus log W.
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Fig. 3. A plot of log LCs, versus log MTIL.

is comparable to the achievement by the Wiener number. Plots of log LCs, versus
log W and log LCso versus log MTI are given in figs. 2 and 3, respectively.

In a way, the above result is not so unexpected because the MTI and W
indices are highly intercorrelated descriptors for alkanes [16]. To conclude, we
point out that the MTI descriptor shows potential for use in structure—property -
activity work. However, more work is needed before the range of its applicability
is established. Some research in this direction is already in progress [17].
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