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Figure 1. Structure of the neural network. Thickness of a connected line shows the absolute value of the weight.
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Table 1. Seven descriptors, output values of neural networks, and predicted and experimental carcinogenicity

Molecular Name MW  LogP GFE IP LUMO HLGap Ccv Output Pred Exp
Aldrin 36491 350 2226 981 -0.316  9.492 264.08 0.9997 + +
Allyl chloride 7653 163 503 1047 0.668 11.141 70.55  1.0000 + +
Benzyl chloride 12659 259 1085 9.70 0.075 9.773  113.63 0.9874 + +
Carbon tetrachloride 15382 243 -87.3 1238 -1.117 11.261 84.74  0.9989 + +
Chlordane 409.78 420 714 10.06 -0.528 9.53 275.94 0.9997 + +
9-Chloro-10-chloromethyl- 26115 523 3484 828 -1.292 6.99 207.34  0.9997 + +

anthracene
Chloroethane 64.51 1.30 -46.0 11.15 1.498 12.651 61.15 1.0000
Chloroform 11938 171 -80.7 11.77 -0.303 11.468 71.00 0.9908
7-(Chloromethyl)benza(a)- 276.76 570 500.6 829 -1.041 7.253  233.16 0.9997 + +
anthracene
9-Chloromethyl-10-methyl- 240.73 512 3687 8.10 -1.086 7.018 215.16 0.9997 + +
anthracene

+ +
+ +

3-Chloro-2-methylpropene 90.55 173 50.2 1010 0.622 10.72 87.04  0.9981 + +
p,p’-DDD 320.04 577 2200 956  -0.269 9.286  249.35 0.9708 + +
p.p’-DDE 318.02 581 2880 9.34 -0.480 8.862  247.29 0.9997 + +
1,4-Dichlorobenzene 147.00 3.11 78.6 952 -0.216 9.308 112.57 0.0000 - +
1,2-Dichloroethane 98.96 159 -579 1142 0.685 12,102  75.41  0.9991 + +
Dichloromethane 84.93 1.08 -66.3 11.39 0.595 11985 5575 0.8398 + +
1,2-Dichloropropane 11299 200 -51.9 1138 0.684 12.067 94.32  0.9432 + +
1,3-Dichloropropane 11299 180 -495 11.37 1.020 12.392  94.67  0.9080 + +
Heptachor 37332 359 121.0 998 -0.481 9501 251.08 0.9997 + +
Hexachlorobenzene 284.78 5.37 -1.7 9.91 -1.040 8.872 158.07 0.2534 - +
Hexachloroethane 236.74 321 -999 12.18 -0.967 11.215 136.99 1.0000 + +
Methylallyl chloride 90.55 200 425 9.49 0.792 10.28 89.79  0.9924 + +
Mirex 54554 6.33 1610 11.19 -0.268 10.923 342.85 0.9996 + +
Pentachloroethane 20229 271 -933 1187 -0.681 11.188 121.64 1.0000 + +
1,1,1,2-Tetrachloroethane 16785 240 -789 11.79 -0.485 11.308 105.35 0.9996 + +
1,1,2,2-Tetrachloroethane 167.85 222 -86.6 1166 -0.074 11.581 108.03 1.0000 + +
Tetrachloroethylene 165.83 242 -186 990 -0.437 9.464 94.18  1.0000 + +
1,1,2-Trichloroethane 13340 190 -723 1157 0.170 11.737  91.87  0.9930 + +
Trichloroethylene 131.39 225 1.8 996 -0.061 9.895 83.82  0.9963 + +
1,2,3-Trichloropropane 14743 229 -63.9 1144 0.760 12.202  119.67 0.9979 + +
Vinyl chloride 62.50 166 419 1021 0.856 11.066 52.90 0.7704 + +
Chlorobenzene 11256 254 1001 9.56 0.155 9.716 96.60  0.1442 - -
1-Chlorobutane 92.57 220 -29.1 1113 1511 12.644  96.38  0.8568 + -
DDT 35449 6.33 2133 959 -0.518 9.069  265.76  0.0000 - -
1,2-Dichlorobenzene 147.00 3.11 78.6 9.60 -0.142 9.46 112.35 0.0000 - -
1,1-Dichloroethane 98.96 143 -60.3 11.42 0.582 12.004  75.07 0.1897 - -
Hexachlorocyclopentadiene 27277 202 -279 961 -1411 8.194  167.05 0.0000 - -
Lindane 290.83 420 -86.0 1136 -0.151 11.212 203.40 0.0186 - -
Pentachlorobenzene 250.34 481 13.9 9.79 -0.890 8.896 149.09 0.0987 - -
1,1,1-Trichloroethane 133.40 210 -67.0 1199 -0.265 11.727 88.66  0.0041 - -
Vinylidene chloride 96.94 1.83 214 1019 0.379 10.569  68.32  0.1498 - -

MW: molecular weight, LogP: octanol-water partition coefficient, GFE: Gibbs standard free energy of formation (kJ mol1),
IP: ionization potential (eV), LUMO: LUMO energy (eV), HLGap: HOMO-LUMO energy gap (eV), CV: Connolly volume
(m-39), Output: output value of neural network, Pred: predicted carcinogenicity, Exp: experimental carcinogenicity.
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Prediction of Carcinogenicity of Chlorine-containing Organic
Compounds by Neural Network
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A neural network was applied to the prediction of the carcinogenicity of 41 kinds of organic chlorine-
containing compounds. Seven kinds of structural and quantum-chemical descriptors: molecular weight, log
P, Gibbs free energy, ionization potential, LUMO energy, HOMO-LUMO energy gap, and Connolly volume
were determined. These descriptors were entered into the input layer of a three-layered neural network, and
carcinogenicity data from the NTP database were entered into the output layer as teaching data. The network
was trained with an error-back-propagation method, and a leave-one-out test showed a correct classification
rate of 93%.

Keywords: Structure-activity relationship, Neural network, Carcinogenicity prediction, Chlorine-containing
organic compounds
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