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® Van der Waals surface area
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8 Topological polar surface area
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Figure 1- The template structure of used organophosphats in present study
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Table 1- The structure of organophosphate compounds according to the position of functional groups

No Name R, R, R; LDsy(mgkg™)
1 Tris(2-chloropropyl) phosphate C;HgCl C;HgCl C3HgCl 1017
2 Triethyl phosphate C,Hs C,Hs C,H; 1165
3 Tris(1-chloropropan-2-yl) phosphate C;HgCl C;HgCl C;HCl 1500
4 Tris(1,3-dichloroisopropyl)phosphate C;H;Cl, C;H;Cl, C;H;Cl, 1850
5 Coralox C2H5 C2H5 C 10H6C102 10

%6 Phosphoric acid, tris(2,3-dibromopropyl) ester C;H;Br, C;H;Br, C;H;Br, 810
7 Phosphoric acid, diethyl p-(methylsulfonyl)Phenyl ester C7H7S0, C,H; C,H; 5.012
8 Monocrotophos CsHgNO CH; CH; 8

%9 Phosphoric acid, dibutyl phenyl ester Cg¢Hs C,Hy C,Hy 2140

#10  naled C,HBr,Cl, CH;,4 CH;,4 92

11 cis-Chlorfenvinphos C,Hs C,Hs CgH,Cl; 10
12 [2-Bromo-1-(2,4-dichlorophenyl) vinyl] diethyl CgH,BrCl, C,H; C,H; 21.4

phosphate

13 heptenophos C;HCl CH; CH; 96

%14  Mevinphos CH; CH; CsH,0, 3
15 Phosphoric acid, tri-2-chloroethyl ester C,H,Cl C,H,Cl1 C,H,Cl 1230
%16  Phosphoric acid, tri-(2-butoxyethyl) ester C,H,0C,Hy C,H,0C,Hy C,H,0C,Hg 3000

17 Triphenylphosphate C¢Hs C¢Hs C¢Hs 3500
18 Tri-n-butylphosphate C4Hy C4Hy C4Hy 3000
19 Tricresyl phosphate C;H; C;H; C;H; 1160

20 Chloropyrifos oxon C,Hs C,Hs CsHCLI:;N 135

21 Diethyl p-nitrophenyl phosphate C,Hs C,Hs C¢HsNO, 1.8

22 Dicrotophos CH; C¢H,;(NO CH; 13

23 Tetrachlorvinphos CH; CH; CgH;Cly 480

%24  Phosphoric acid, tris-(2,3-dichloropropyl ester) C;H;Cl, C;H;Cl, C;H;Cl, 2830

25 Chlorfenvinphos CgH4Cl; C,Hs C,Hs 10

26 Phosphoric acid, trimethyl ester CH; CH; CH; 840

27 cis-Mevinphos CsH,0, CH; CH; 3

28 Diphenyl o-xenyl phosphate CeHs CeHs C,Hy 15800

%29 CrOtOxyphOS C |2H1 302 CH3 CH3 38.4
30 Phosphoric acid, tris(2-ethylhexyl) ester CgHy; CgHy; CgHyy 37000
31 Triisobutyl phosphate C4Hy C4Hy C4Hy 5000

! Maximum projection area
% Minimum projection radius
3 Maximum projection radius
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No Name R, R, R3 LDsy(mgkg™)
32 Dichlorvos C,HCl, CH; CH; 17
33 Phosphoric acid, 2,4-dichlorophenyl diethyl ester C¢H;Cl, C,Hs C,H;s 100
34 Phosphamidon CH; CH; CgH,;CINO 8
35 Tripentyl phosphate CsHy, CsHy, CsH;, 23400

%36 Tris(2,6-xylenyl)phosphate CgHy CgHy CgHy 15800
37 Tris(2,4-xylenyl)phosphate CgHy CgHy CgHg 15800
38 Methylparaoxon CH;3 Ce¢HsNO, CH;3 3.27

%39  Phosphoric acid,2,2-dibromo-1,2-dichloroethyl CH; C,HBr,Cl, CH; 49

dimethyl

40 Diphenyl cresyl phosphate C;H; C¢Hs C¢Hs 1420
41 Bomyl C7H904 CH3 CH3 31
42 Phosphoric acid, dibutyl 2-hydroxyethyl ester C,Hy C,Hy C,H,OH 915
43 Phosphoric acid, 2-chlorovinyl diethyl ester C,H; C,H; C,H,Cl 7
44 Ethyl dichlorvos C,H; C,HCl, C,H; 2.5
45 Phosphoric acid,bis(3-chloropropyl)p-nitrophenyl ester C;HCl CgHsNO2 C;H(Cl 33
46 Phosphoric acid,bis (2-chloropropyl)p-nitrophenyl ester C;HgCl C¢HsNO, C3HgCl 173

%47  Ethanol, 2-methoxy-, 1,1',1"-phosphate C,H,OCH; C,H,0CH; C,H,;OCH; 17150
48 Isodecyl diphenyl phosphate CeHs CioHy, CeHs 15800
49 Methylbromfenvinphos CgH4BrCl, CH; CH; 225
50 Dimethyl p-(methylthio) phenyl phosphate C;H;S CH; CH; 7
51 Fenthion oxon sulfone CH; CH; CgHySO, 30
52 Dimethylvinphos CgH,Cl3 CH; CH; 97.5
53 Fospirate CH; CH; CsHCI3N 869

%54 Naftalofos C 12H6N02 C2H5 C2H5 70
S0 Propaphos C;H, C;H, C,H;S 61
56 TEPP C4H,005P C,H; C,H; 0.5

(MLR) 464 s 850 55 23
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o Sl W e 0p S5 T @ b bl gl ciae ks g S
o (Sig)  (solsbne o F i o5l (ROpgued) 48l fidad om0 < (RY) T o (R SKren
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Table 2- The results of MLR analyze for prediction LDsy
Model R R’ R’ djust F MSE RMSE Sig
1 0.783 0.612 0.537 8.078 24635362.08 4963.40 0.000
2 0.783 0.612 0.546 9.285 24111234.75 4910.32 0.000
3 0.782 0.612 0.556 10.823 23628168.78 4860.88 0.000
4 0.780 0.609 0.561 12.726 23326388.98 4829.74 0.000
5 0.778 0.605 0.565 15.312 23105014.17 4806.76 0.000
6 0.774 0.600 0.568 19.109 22945910.94 4790.18 0.000
7 0.768 0.590 0.566 24.945 23055099.11 4801.57 0.000

Nomad g 5 3lie AN dix O3 Joe Gusb Ol an e 05 ) 53 (Pgean omas 4SS

LDsy Cwams n3lis (gl RMSE=68.658 . Sils jsdoe slas i> 5 R’= 0.9870 s o, sR= 0.9935
2 RMSE=200.379 5 R’= 0.9797 5R=0.9898 (sla 3l 55 5 Shisel S Olsioar oS5 g 0 4 bgype
s R=0.7809 5 R= 0.8837 ,slis cpizees 5 Cod (S Olsist «oS 5 A & by s LDsp Csams polis

‘u")"? J.géuﬂ J.AT Cwddy Laosls W}U&l S )\ 4;,.:5]7 A “ Jayjﬂ LDsq Coo ﬁ}u,a d‘f RMSE=1.668

! Correlation coefficient

2 Coefficient of determination
* Adjusted R-squared

4 Significance level

5 Mean Squared Error

% Root Mean Squared Error
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Table 3- The values of experimental, predicted and residual LDs of training set in ANN method

Compound LDsg exp LDs¢ prea Residual
Tris(2-chloropropyl) phosphate 1017.00 582.77 434.23
Triethyl phosphate 1165.00 45.51 1119.49
Tris(1-chloropropan-2-yl) phosphate 1500.00 211.77 1288.23
Tris(1,3-dichloroisopropyl)phosphate 1850.00 951.43 898.57
Coralox 10.00 49.29 -39.29
Phosphoric acid, dibutyl phenyl ester 2140.00 2055.85 84.15
naled 92.00 29.31 62.69
[2-Bromo-1-(2,4-dichlorophenyl)vinyl]
diethyl phosphate 21.40 573.05 -551.65
heptenophos 96.00 117.79 -21.79
cis-Mevinphos 3.00 5.34 -2.34
Triphenylphosphate 3500.00 1510.02 1989.98
Tri-n-butylphosphate 3000.00 4465.49 -1465.49
Tricresyl phosphate 1160.00 3619.25 -2459.25
Chloropyrifos oxon 135.00 49.15 85.85
Diethyl p-nitrophenyl phosphate 1.80 1.83 -0.03
Dicrotophos 13.00 9.83 3.17
Chlorfenvinphos 10.00 1248.82 -1238.82
cis-Mevinphos 3.00 5.34 -2.34
Triisobutyl phosphate 5000.00 1025.51 3974.49
Phosphoric a?ld, 2,4-dichlorophenyl 100.00 369.02 269.02
diethyl ester
Phosphamidon 8.00 20.31 -12.31
Tripentyl phosphate 23400.00 23464.69 -64.69
Phosphoric acuei;tt(::s(z-ethylhexyl) 37000.00 37029 40 29,40
Tris(2,6-xylenyl)phosphate 15800.00 15868.56 -68.56
Tris(2,4-xylenyl)phosphate 15800.00 15377.77 422.23
Methylparaoxon 3.27 0.97 2.30
Diphenyl cresyl phosphate 1420.00 1699.15 -279.15
Bomyl 31.00 2.59 28.41
Phosphoric acid, dibutyl 2- 915.00 81.59 833.41
hydroxyethyl
Phosphoric 23c1d, bis (3-chloropropyl) 33.00 2341 959
p-nitrophenyl ester
Phosphoric a}cnd, bis (2-chloropropyl) 173.00 2.05 170.95
p-nitrophenyl ester
Ethanol, 2-methoxy-, 1,1',1"- 17150 17135.54 14.46
phosphate
Isodecyl diphenyl phosphate 15800.00 15610.86 189.14
Methylbromfenvinphos 225.00 183.77 41.23
Dimethyl p-(methylthio) phenyl 7.00 23812 23112
phosphate
Fenthion oxon sulfone 30.00 342 26.58
Dimethylvinphos 97.50 355.58 -258.08
Naftalofos 70.00 5.98 64.02
Propaphos 61.00 220.48 -159.48
TEPP 0.50 4.74 -4.24
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Table 4- The values of experimental, predicted and residual LDs, of test and validation sets in ANN method

Compounds LDs,
test Obs
( test)

LDs,
pred
(test)

LDs,
Res
(test)

Compounds
test

LDs
Obs
(valid)

LDs,
pred
(valid)

LDs,
Res
(valid)

Phosphoric
acid, tris (2,3-
dibromopropyl)
ester
Phosphoric
acid, diethyl p-
(methylsulfonyl
)
Phosphoric
acid, tri-2-
chloroethyl
ester

810.00

5.01

1230.00

Tri-n-
butylphosphate 3000.00

Diphenylo- 50
xenyl 0
phosphate
Phosphoric
acid, 2,2-
dibromo-1, 2-
dichloroethyl
dimethyl
Phosphoric
acid, 2-
chlorovinyl
diethyl ester
Fospirate

49.00

7.00

869.00

1376.76

8.07

201.36

1192.00

16479.8
3

42.99

48.22

21.28

-566.758

-3.057

1028.63
9

1807.99
8

-679.825

6.012

-41.221

847.717

Monocrotophos

cis-
Chlorfenvinphos

Tetrachlorvinpho
s

Phosphoric acid,
tris-(2,3-
dichloropropyl
ester)
Phosphoric acid,
trimethyl ester

Crotoxyphos

Dichlorvos

Ethyl dichlorvos

8.000

10.000

480.000

2830.00
0

840.000

38.400

17.000

2.500

3.282

1248.81
5

204.961

3939.04
6

17.870

33.968

42.967

68.713

4.72
1238.8
2

275.04

1109.0

822.13

4.43

-25.97

-66.213
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Fig. 1- The curve of the predicted versus experimental LDs, values for training, test and validation sets on ANN method
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Fig. 2- The curve of the residual versus experimental LDs, values for training, test and validation sets on ANN method
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Abstract

The organophosphate pesticides are considered as dangerous chemical pesticides for human
health. The possibility of absorbing these toxins through the skin is accessible to many researchers
who have been studying the toxicity of organophosphate compounds. Experimental methods are
time-consuming and high cost, and they come with a lot of dangers. Quantitative structure
activity/property relationship studies provide the capability to access data, information and
physico-chemical properties of chemical compounds, using the methods and modeling. In this
study, the multiple regression linear method and the artificial neural network with multi-layer
perceptron (MLP) model were used to investigate the quantitative relationship of LDs, (mgkg™)
toxicity index with some molecular descriptors of some organophosphate compounds.
Investigation of correlation coefficients and root mean square errors values of final models in this
study showed that ANN method using the MLP model was higher than the MLR method for
prediction of LDso(mgkg™") of organophosphates compounds.

Key words: Organophosphate compounds, LDs;, QSAR, Artificial Neural Network, Multiple Linear
Regression Method.
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