Revue Roumaine de Chimie, 1998, 43 (3), 255-260

ARTIFICIAL NEURAL NETWORKS APPLICATIONS. PART 4!

QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS FOR THE ESTIMATION
OF THE RELATIVE TOXICITY OF PHENOLS FOR TETRAHYMENA

Ovidiu IVANCIUC

University “Politehnica” of Bucharest, Faculty of Chemical Technology, Department of Organic Chemistry,
Splaiul Independentei 313, 77206 Bucharest, Roumania
E-mail: o_ivanciuc@chim.upb.ro

Received March 20, 1996

The toxicity of 30 para-substituted phenols for Tetrahymena pyriformis has been investigated using Artificial
Neural Networks (ANN), using as structural descriptors g K, (the 1-octanol/water partition coefficient) and
pK,. The Quantitative Structure-Activity Relationship (QSAR) formulated with ANN is compared with a multi-
ple linear regression QSAR, and the predictive ability of the neural model is tested with the leave-one-out
method. The chance correlation of ANN models is investigated using random input patterns and a random
assignment of experimental output patterns.

INTRODUCTION

Originally, research into neural networks was primarily motivated by a desire to model the
working of the human brain. An Asrtificial Neural Network (ANN) is, basically, a computer program
that can detect patterns and correlations in data. The success of this methodology in the recognition and
classification of patterns has attracted much interest in recent years.?™

A great number of problems from diverse branches of chemistry have already been investigat-
ed by applying neural networks;*” among them, the Quantitative Structure-Property Relationships
(QSPR) and Quantitative Structure-Activity Relationships (QSAR).5"!* Because the use of ANN in
QSAR studies is new, there is a need to compare the capabilities of ANN with those of more estab-
lished models. Such comparisons will bring out the advantages and/or disadvantages of neural net-
works.

The scope of the present paper is to study the applicability of ANN to obtain reliable QSAR
models when the number of data in the training set is small, and to compare the results with the estima-
tions of the Multiple Linear Regression (MLR) model for the same set of compounds. The toxicity of
30 para-substituted phenols for Tetrahymena pyriformis is investigated, using as structural descriptors
the physico-chemical parameters of the compounds. The chance correlation of ANN modeis is estimat-
ed using random input patterns and a random assignment of experimental output patterns. The predic-
tive ability of the neural model is examined with the leave-one-out cross-validation method.

RESULTS AND DISCUSSION

The toxicity of a set of 30 para-substituted phenols for Tetrahymena pyriformis was recently
reported.!® The model contained as structural descriptors Ig K ow (the 1-octanol/water partition coeffi-
cient) and pK,. The structure of the 30 phenols, structural descriptors and experimental data (Ig BR, the
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logarithm of the inverse of the IGC value in mmol/L) are presented in Table 1 and were used in ref. 15
to develop an MLR QSAR:

Ig BR= 1.9860 (+0.4845) + 0.6577(x0.1604) g K _, — 0.3171(x0.0774) pK, (1)
n=30 r=0955 s=0221

where n is the number of compounds used in the correlation, r is the correlation coefficient, and s is the
standard deviation. The standard error of estimation of each coefficient at the 95% confidence level is
given in parentheses. The partial correlation coefficients are r(lg K ) = 0.870 and n(pK,) = -0.113,
leading to the conclusion that both independent parameters must be used in order to obtain a good
QSAR model.

Table 1
Structure, molecular descriptors and toxicity data for phenols
No X 18K, pK, g BR,,, Res?, Res?,
1 CONH, 0.00 9.23 —~0.7802 -0.0102 0.1606
2 NHCOCH, 0.32 9.99 -0.8198 -0.0592 0.1515
3 CH,CH,0H 0.72 10.12 -0.8275 -0.1516 -0.0780
4 CH,CN 0.90 9.97 ~0.3840 0.2007 0.1996
5 OCH, 1.34 10.20 ~0.1425 0.2317 0.2246
6 CHO 1.35 7.62 0.2661 -0.0298 -0.1915
7 COCH, 1.35 8.05 -0.0932 -0.2428 -0.4144
8 H 1.49 9.99 -0.4310 -0.2151 -0.2291
9 COCH, 1.55 8.85 0.0557 ~0.0368 —-0.1434
10 CN 1.60 7.95 0.5161 0.1199 -0.0013
11 F 1.77 9.89 0.0169 0.0106 0.0029
12 OC,H; 1.87 10.52 0.0130 0.0846 0.1330
13 NO, 1.91 7.15 1.4257 0.1800 0.4508
14 CH, 1.94 10.26 -0.1920 -0.2263 -0.2005
15 Ct 2.39 9.43 0.5447 0.0936 -0.0229
16 C,H; 2.58 10.00 0.2058 ~0.1791 ~0.3060
17 Br 259 9.34 0.6806 ~-0.0976 -0.0471
18 I 291 9.20 0.8544 -0.3763 -0.1281
19 OCH, 3.04 10.70 0.7016 0.2478 0.1092
20 CH(CH,), 3.05 10.32 0.4732 -0.2007 -0.2462
21 COCH, 3.07 8.89 1.0237 -0.2786 -0.1624
22 C,H, 3.18 10.28 0.6350 ~0.2738 -0.1826
23 N=NC_H, 3.18 8.56 1.6547 0.3402 0.2917
24 C.H, 3.20 9.55 1.3828 0.1129 0.3205
25 C(CH,), 3.31 10.23 0.9126 —-0.2046 -0.0064
26 OCH, 3.56 10.70 1.3550 0.2440 0.4206
27 CH,CH(CH,), 3.60 10.30 0.9797 -0.2911 ~-0.1078
28 cyclopenty! 3.63 9.92 1.2916 -0.0154 0.0639
29 CH,C.H, 3.69 10.19 1.1946 -0.1049 0.0130
30 CH,C(CH,), 4.03 10.50 1.2326 ~0.0809 -0.0743

°Res, =g BRaP —-1g BR,,
b Res, = lg BR__-1g BR
2~ 18 PRy eq.(1)






