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Neural network research on activities of imidazole activin
receptor-like kinase 5 (ALKS5) inhibitors

DU Xi-Hua , LI Jing, WU Qiong, ZHOU Jun, CHEN Yan, SHI Chun-Ling, FENG Hu:i
(School of Chemistry and Chemical Engineering, Xuzhou Institute of Technology, Xuzhou 221018, China)

Abstract: In order to establish the QSAR model to predict activities of imidazole ALLK5 inhibitors, the
relationship between molecular structures and the activities ( pICs,) of 61 kinds of imidazole ALLK5 inhib-
itors was analyzed. Moreover, the molecule shape indices, electrical topological state indices and electric
distance vectors of these compounds were calculated. The molecule shape indices K, and K, the electri-
cal topological state indices E19, Eyand Es, as well as electric distance vectors My, My, and Mss, were
optimized and screened. The eight parameters were used as input layer neuron variables of neural net-
work and the activity data pICs, was used as output layer neuron variable, the 8 : 4 ¢ 1 neural network
structure was adopted and the artificial neural network method was used to establish a more satisfying
QSAR prediction model. The total correlation coefficient r is 0. 956. The predicted values of pIC;, and
experimental values are very close, and the mean relative error is 0. 85%. The results showed that the
neural network model has strong stability and good predictive ability. It can provide guidance for the
synthesis of new anticancer drugs with high activity.
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Fig. 1 The mother nucleus structure of ALKS inhibitors
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Tab. 1 The results of structure parameters and pICs, with best subsets regression

75 A T4 r Tad F S Fir
1 K 0. 386 0.134 10. 313 0. 278 0. 167
2 K1 .My 0. 450 0.175 7.361 0.272 0. 226
3 K1 E19.Mse 0. 551 0. 267 8. 296 0. 256 0. 356
4 Ky E1g \Mas . Mss 0.571 0.278 6.776 0. 254 0. 352
5 Ky E21 E2y \Mso . Mss 0. 652 0. 375 8. 134 0. 236 0.473
6 K1 .K3.E21 \Eoy \Mas .\ Mso 0. 683 0. 407 7. 859 0. 230 0. 486
7 K1 K3 E9.Es Ez \M3o . Mss 0.723 0. 463 8. 283 0. 219 0. 526
8 K1 K3 E9.Ez1 \Ezq \Mas \M3o . Ms6 0. 769 0.529 9. 415 0. 205 0. 604
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Tab. 2 Structural parameters and pICs, of inhibitors
P1Cs0
No. LiPERVE2 Ky Ks Ey En Es M M Mse
SCH(E S TRDNME R
1 H 8. 875 3.617 3. 455 1. 749 18.019  6.872 —0.277 8.186 7. 886 7.730 —1.98
2 2—F 9. 481 3.699 3.352 1. 703 17. 821 6.871 —0.285 &.140 8. 155 8. 157 0.02
3 2—Cl 9. 719 3. 822 3. 431 1. 735 17.990  7.947 —0.281 8.282 8. 046 8.021 —0. 31
4 2—Br 9. 845 3. 888 3. 459 1. 747 18.048  8.390 —0.279 8.332 8. 155 8.019 —1.67
5 2—Me 9.527 3.723 3.474 1. 753 18. 081 7.802 —0.281 8.265 7. 854 8.003 1. 89
6 2—Et 10. 192 3.938 3. 492 1. 757 18.137  8.462 —0.283 8.340 7.959 7. 881 —0. 97
7 2—i—Pr 10. 870  4.167 3.503 1.758 18.180 6.976 —0.284 8.350 7.854 7. 844 —0.12
8 2—0OMe 10.165  3.924 3.451 1.740  18.051 7.883 —0.285 8.274 7. 854 7.940 1.09
9 2—OCF3 12.085  4.947 3. 259 1. 639 17.645 7.373 —0.303 8.145 7.921 7.921 0
10 2—SMe 10. 428  4.060 3. 485 1. 754 18.123 9.112 —0.280 8.407 8. 000 7.979 —0. 26
11 2—CH=CH; 9.570 3. 848 3. 466 1. 746 18. 081 7.990 —0.293 8.120 7.854 7. 840 —0.18
12 2—CN 8. 995 3.763 3. 409 1.721 17.955  5.960 —0.304 7.832 7.699 7.794 1.24
13 2—CONH; 10. 258  4.094 3. 387 1. 707 17. 921 6.613 —0.299 8.060 7.523 7. 485 —0.51
14 2—NHSO;Me 11.338 5.082 3. 384 1. 697 17.930  7.237 —0.309 8.456 7.824 7.831 0. 09
15 2—NHCOMe 10.926  4.580 3.427 1.721 18.019  7.257 —0.298 8.544 7.398 7. 440 0. 57
16 3—F 9. 481 3. 822 3. 375 1.710 17.859 6.738 —0.283 8.145 8. 046 8.093 0.59
17 3—Cl 9.719 3. 949 3. 436 1. 737 17.995 7.108 —0.279 8.240 8. 222 8. 253 0. 38
18 3—DBr 9. 845 4. 017 3. 457 1. 747 18.042  7.246 —0.278 8.273 8. 301 8. 194 —1.29
19 3—Me 9.527 3. 847 3. 469 1. 752 18.069  7.061 —0.279 8.228 8. 046 8.112 0. 82
20 3—Et 10.192  4.065 3.483 1. 756 18.115 7.254 —0.280 8.278 8. 097 7.929 —2.07
21 3—i—Pr 10. 870 4. 297 3. 492 1. 757 18.149  6.129 —0.282 8.285 7.796 7.785 —0.15
22 3—0OMe 10. 165  4.051 3. 452 1. 742 18.045 7.074 —0.282 8.234 7.854 7.833 —0. 27
23 3—O0CF; 12.085  5.100 3.296 1.654 17.703  6.798 —0.298 8&.134 7.638 7. 560 —1.03
24 3—SMe 10. 428  4.190 3.478 1.753 18.103  7.444 —0.279 8.322 8. 155 8. 005 —1.84
25 3—CH=CH; 9.3570 3.973 3. 463 1. 746 18.069  7.067 —0.289 8.135 7.921 7. 941 0. 26
26 3—CN 8. 995 3. 886 3.418 1.725 17.965  6.222 —0.299 7.920 8. 301 8. 204 —1.17
27 3—CONH; 10. 258 4. 222 3. 400 1.713 17.936  5.944 —0.295 8.088 8. 046 7.994 —0. 65
28 3—CH>CN 9.627 4,247 3.442 1.732 18.028 6.682 —0.299 8.044 7.959 8. 009 0. 62
29 3—COMe 10. 285  4.236 3.425 1. 725 17.994  6.309 —0.294 8.110 7. 886 7.915 0. 37
30 3—CO;Me 10.926  4.442 3.411 1.716 17.975  6.414 —0.296 8.115 7.770 7. 804 0. 44
31 3—NHSO:Me 11.338 5.238 3. 396 1. 704 17. 941 6.682 —0.303 8.326 7.824 7.834 0.13
32 3—NHCOMe 10.926 4,723 3.432 1. 725 18.017 6.662 —0.294 8.395 7.824 7.752 —0.93
33 4—F 9. 481 3.822 3.392 1. 716 17.887  6.767 —0.282 8.154 7.770 7.906 1.75
34 4—Cl 9. 719 3. 949 3. 440 1. 739 17.999  7.002 —0.278 8.222 7.959 7. 820 —1.75
35 4—Dr 9. 845 4. 017 3. 457 1. 747 18.038  7.087 —0.277 8.246 7.770 7.783 0.17
36 4—Me 9. 527 3. 847 3. 466 1. 752 18.060  6.973 —0.279 8.214 7.796 7.720 —0. 97
37 4—i—Pr 10. 870  4.297 3. 484 1. 756 18.127  6.066 —0.281 8.255 7.337 7.371 0. 46
38 4—0OMe 10.165 4,051 3.452 1. 743 18. 041 6.977 —0.281 8.219 7.319 7.363 0. 60
39 4—0CF3 12.085  5.100 3. 324 1. 667 17.748  6.764 —0.295 8.138 7.222 7.297 1. 04
40 4—SMe 10.428  4.190 3.473 1. 753 18.089  7.203 —0.278 8.282 7.398 7.518 1. 62
41 4—CH=CH; 9.570 3.973 3.461 1. 747 18.060  6.944 —0.287 8.146 7.523 7.536 0.18
42 4—CN 8. 995 3. 886 3. 425 1.728 17.972  6.375 —0.296 7.981 7.495 7.551 0. 74
43 4—CONH; 10. 258 4. 222 3. 410 1. 718 17.948  5.902 —0.292 8.110 7. 260 7.272 0.17
44 4—CH>CN 9.627 4,247 3. 443 1.734  18.024 6.669 —0.296 8.066 7.602 7.550 —0. 69
45 4—COMe 10.285  4.236 3. 430 1.728 17.996  6.223 —0.291 8&.127 7.229 7. 180 —0. 68
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pICs0
No. iTERVE S K K; Eg Exn Ex M Ms, M6
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46 4—CO;Me 10.926 4. 442 3.419 1.721  17.981 6.319 —0.293 8.131 7.108 7.122 0. 20
47 4—NHSO;Me 11.338  5.238 3. 405 1.710 17.951  6.667 —0.300 8.274 7.328 7.350 0. 30
48 4—NHCOMe 10.926  4.723 3.435 1.728 18.015 6.636 —0.291 8.330 7. 409 7. 400 —0.12
49 2,3—F, 10.098  3.770 3.272 1.664 17.661 6.832 —0.292 8.099 8. 046 8. 026 —0. 25
50 2,3—Cl, 10.584 4,015 3.413 1.723  17.965 9.657 —0.284 8.336 7.921 7.999 0.98
51 2,3—Me; 10.192  3.817 3.489 1.755  18.130  9.190 —0.285 8.307 7.745 7.717 —0. 36
52 2,3—(OMe)>  11.505  4.231 3.449 1.733  18.077  9.448 —0.292 8.323 7.237 7.153 —1.16
53 2,3—(CN): 9.138 3.911 3.373 1.696  17.900 5.905 —0.323 7.571 7.678 7.636 —0. 55
54 3,4—TF 10.098  3.890 3.313 1.677 17.727 6.678 —0.288 8.113 8. 000 7.995 —0. 07
55 3,4—Cly 10.584 4. 141 3.421 1.727  17.974  8.089 —0.282 8.276 8. 097 8.015 —1.01
56 3.4—Me; 10.192  3.938 3.481 1.754  18.109 7.822 —0.283 8.256 7.770 7.918 1.90
57 3,4—(OMe); 11.505  4.357 3.450 1.735 18.066 7.969 —0.288 8.268 7.357 7.574 2.96
58 3,5—F, 10.098  4.015 3.296 1.672 17.699 6.600 —0.289 8&.105 8.222 8.190 —0. 39
59 3,5—Cly 10.584  4.274 3.418 1.726  17.970 7.502 —0.282 8.294 7.824 8. 029 2.61
60 3,5—Me; 10.192  4.065 3.484 1.755 18.118 7.367 —0.282 8.271 7.854 7.997 1. 81
61 3,5—(OMe); 11.505  4.489 3.449 1.734  18.071  7.414 —0.288 8.283 7.854 7.647 —2.64
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Tab. 3 Inspection of Jackknifed correlation coefficient r

MERYT MERE BIRG T MRRE AR T MR RS T MXRRE BIBRA T HXRE
1 0. 771 14 0. 777 27 0. 786 40 0.779 53 0.77
2 0. 762 15 0. 779 28 0.768 41 0.777 54 0. 769
3 0. 766 16 0. 767 29 0.775 42 0.775 55 0. 788
4 0. 768 17 0. 762 30 0.78 43 0. 759 56 0. 774
5 0. 769 18 0.77 31 0.773 44 0.775 57 0.76
6 0. 768 19 0. 766 32 0.77 45 0. 758 58 0.76
7 0. 769 20 0. 768 33 0. 775 46 0.745 59 0. 774
8 0.77 21 0. 771 34 0. 768 47 0. 761 60 0. 769
9 0.77 22 0. 769 35 0.77 48 0.763 61 0.772
10 0. 768 23 0. 768 36 0.77 49 0. 766
11 0. 769 24 0. 767 37 0. 759 50 0. 769
12 0.77 25 0. 768 38 0.778 51 0.772
13 0.773 26 0. 787 39 0. 752 52 0.778
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Fig. 2 Radar map of correlation coefficient r examined
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