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ABSTRACT

Dioxins refer to a family of chemicals comprising 75 polychlorinated dibenzo-p-dioxin
(PCDD) and 135 polychlorinated dibenzo~-p-furan (PCDF) congeners, which may cause
skin disorder, human immune system disruption, birth defects, severe hormonal imbal-
ance, and cancer. The effects of exposure of dioxin-like compounds such as PCBs are.
mediated by binding to the aryl hydrocarbon receptor (AHR), which is a ligand-activated
transcription factor. To grasp physicochemical factors affecting human toxicity of dioxins,
six geometrical and topological indices, eleven thermodynamic variables, and quantum
mechanical descriptors including ESP (electrostatic potential) were analyzed using QSAR
and semi-empirical AM1 method, Planar dioxins with high lipophilicity and large surface
tension show the probability that negative electrostatic potential in the lateral oxygen may
make hydrogen bonding with DNA bases to be a carcinogen,
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Fig. 1. Structure of dioxins.
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Table 1. Observed AHR binding affinity for dioxins from the literature,

topological descriptors
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together with geometrical and

Chemical name (1/1’58 ) TEQ Area  Volume MaxW Refractivity « Wien
50

2,3,7,8-TCDD 8.00 1 281.7 274.2 7.39 80.79 4,84 1026
1,2,3,7, 8-PeCDD 7.10 0.5 296.1 291.2 8.79 85.50 5.08 1035
2, 3,6, 7-TCDD 6.80 0 280.2 273.8 12,99 80,79 4.84 1020
2, 3, 6-Tri-CDD 6.66 0 264.3 256.4 13.02 76.07 4.59 1011
1,2,3,4,7, 8-HxCDD 6.55 0.1 310.4 308.2 14,32 90.22 5.33 1033
1, 3,7, 8-TCDD 6.10 0 282.6 274.4 14.41 80.79 4.84 1027
1,2, 4,7, 8-PeCDD 5.96 0 297.1 291.6 12,95 85.50 5.08 1025
1, 2, 3, 4-TCDD 5.89 0 275.9 272.7 9.99 80.79 4.84 1013
2, 3, 7-Tri-CDD 7.15 0 359.3 436.3 12,82 76.07 4.59 1004
2, 8-Di-CDD 5.50 0 249.5 239.2 13.06 71.36 4,35 1006
1,2, 3, 4, 7-PeCDD 5.19 0 294.3 290.7 12.85 85.5 5.08 1023
1, 2, 4-Tri-CDD 4,89 0 262.7 256.0 11.51 76.07 4.59 1003
1,2,3,4,6,7,8,9-0CDD 5.00  0.001 339.1  342.2 14,08 99,65 5.82 1040
1-CDD 4,00 0 229.9 220.8 11,58 66,64 4.11 998
2,3,7,8-TCDD 8.82 0 302.2 208.7 7.41 92.06 4.84 1039
1,2, 3, 4, 6,7, 8-HpCDD 0.01 324.8 325.2 14,11 94.94 5.57 1035
1,2, 3,6, 7, 8-HxCDD 0.1 310.5 308.3 14,47 90.22 5.33 1040
1,2, 3,7, 8, 9-HxCDD - 0.1 310.5 308.2 14,17 90.22 5.33 1030
2, 3-Dibromo-7, 8-di~CDD 8.83 292.0 286.4 7.40 86.42 4.84 1032
2, 8-Bromo-3, 7-di-CDD 9.35 292.3 286.6 7.42 86.42 4.84 1032
2-Bromo-3, 7, 8-tri-CDD 7.94 354.4 429.8 7.41 83.61 4.84 1028
1, 3,7, 8, 9-PenBDD 7.03 322.8 322.2 14,87 99.59 5.08 1045
1, 3,7, 8-TBDD 8.70 304.2 299.4 15,13 92,06 4.84 . 1044
1,2, 4,7, 8-PeBDD 7.77 323.0 322.4 13.53 99.59 5.08 1038
1,2, 3,7, 8-PeBDD 8.18 296.2 291.3 9.19 99.59 5.08 1061
2, 3, 7-Tri-BDD 8.93 281.6 275.3 13.4 84.53 4.59 1026
2, 7-Di-BDD 7.81 261.0 251.9 11.65 76.99 4,35 1011
2-BDD 6.53 236.9 227.4 11.66 69. 46 4.11 997
Abbreviations: T, tetra; Pe, penta; Hx, hexa; Hp, hepta; O, octa; CDD, chlorodibenzo-p-dioxin; BDD,

bromodibenzo-p-dioxin; TEQ, toxic equivalent; MaxW, maximum width; x, kappa shape index; Wien, 3-D

Wien number
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Table 3. Thermodynamic descriptors

Chemical name Log p AH: AHsy Polarity SP HS HAS ST WS WSM Visco
2,3,7,8-TCDD  6.07 -19.551 -3.365 0 23.77 100  16.67 40 -5.01 3.18 18.59
1,2, 3,7, 8-PeCDD 6.78 -21.327 -2.816 1.56 23.72 100  17.84 41 -5.76 0.62 18.59
2,3,6,7-TCDD  6.07 -17.126 -3.738 0 23.77 96.78 16.13 40 -5.01 3.18 18.59
2,3,6-Tri-CDD  5.36 -12.443 —4,232 0 23.88 84.02 13.07 37 -4.25 16.2 18.59
%I'XZ*S’ 4,7, 8- 7.49 -22.836 -1.934 3.13 23.79 100  18.83 45 -6.52 0.12 18.59
1,3,7,8-TCDD  6.07 -18,111 -3.052 0 23.87 98.38 16.42 39 -5.01 3.18 18.59
1,2,4,7,8-PeCDD  6.78 -20.109 -2.505 0 23.77 100  17.74 42 -5.76 1.18 18.59
1,2,3,4-TCDD  6.07 -12.248 -3.246 0 23.69 66.96 11.06 41 -501 3.18 18.59
2,3,7-Tri-CDD  5.36 -14.864 -3.897 0 23.88 89.32 13.67 39 -4.25 16.2 18.59
2, 8-Di~CDD 4.64 -10.09 ~—4.478 0 2401 77.17 11.17 34 -3.49 81.28 18.59
1,2.3,4,7-PeCDD  6.78 -18.269 -2.503 1.56 23.72 90.74 16,04 43 -5.76 0.62 18.59
1,2,4-Tri-CDD  5.36 -9.39 -3.838 0 23.88 64.47 9.93 38 -4.25 16.2 18.59
VLB 6 T8 g9y 25872 -1.046 446 23.86 100 2.9 50 -8.03 0 1859
1-CDD 3.93 -1.375 -5.667 0 2404 39.89 5.3 32 -2.74 400.3 18.59
2.3 7,8-TCDD  6.67 26.48 -5.091 0.7 27.16 6.07 1.11 48 ~-6.34 0.23 21.18
é’—%ipg’é' 6,7, 8.21 -24.482 -1.668 3.93 23.84 100  19.81 48 -7.27 0.02 18.59
1,2 3,67, 7.49 -23.116 -2.171 3.13 23.79 100  18.98 43 -6.52 0.12 18.59
RN : . . . . : . . .
1,2,3,7,8, _ _ _

RIS 7.49 -22.953 -2.658 3.13 23.79 100  18.74 45 -6.52 0.12 18.59
2, 3-Dibromo- _ _

o oD 6.37 3.462 —4.227 0 2551 50.84 8.9 44 567 0.88 20.34
2, 8-Bromo-3, 3.878 -4.219 0 2551 32.32 5.66 44 20,34
7 4-CDD 6.37 3.878 -4, . . . -5.67 8,78 20.3
2-Bromo-3, 7, _ _ _

2 promors 6.22 -7.84 -3.792 0 24.65 65.36 11.17 42 -5.34 1.68 20.34
1,3,7,8,9-PenBDD 7.53 38.782 -5.015 2.78 27.8 546 1.08 54 -7.42 002 21.18
1,3,7,8-TBDD  6.67 29.061 -4.789 0.7 27.16 6.03 1.11 48 -6.34 0.23 21.18
1,2.4,7,8-PeBDD 7.53 38.588 -4.644 2.78 27.8  5.45 1.08 54 -7.42 0.02 21.18
1,2,3,7,8-PeBDD 7.53 36.057 -4.98 2.78 27.8  5.58 1.11 52 -7.42 0.02 21.18
2,3,7-Tri-BDD  5.81 20.07 -5.226 0 2657 6.62 1.11 43 -525 2.38 21.18
2, 7-Di-BDD 4.94 13.751 -5.327 0 2588 7.3 1.12 39 -4.16 23.75 21.18
2-BDD 4.08 8.078 -5.727 0 25.06 8.16 1.12 34 -3.07 224 157
Abbreviation : SP, solubility parameter; HS, % hydrophilic surface; HSA, hydrophilic surface area; ST, sur-

face tension (dyne/cm); WA, log value of water solubility; WSM, water solubility (ng/L); Visco, Viscosity
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Table 4. Quantum mechanical descriptors

Chemical name Dipole HOMO LUMO HOMO-LUMO HBA HBD
2,3,7,8-TCDD 0 -8.998 -0.909 -8.089 0.11 0.034
1,2,3,7, 8-PeCDD 0.759 -9.083 -1.017 -8.066 0.10 0.0256
2,3,6,7-TCDD 1.621 -9.012 -0.851 -8.161 0.11 0.0315
2, 3, 6-Tri-CDD 2.229 -8.926 -0,700 -8.226 0.11 0.0369
1,2, 3,4,7,8-HxCDD 0.149 -9.194 -1.121 -8.073 0.10 0.017
1,3,7, 8-TCDD 0.848 -9.031 -0.874 -8.157 0.11 0.0356
1,2,4,7, 8-PeCDD 0.763 -9.139 -0.975 -8.164 0.10 0.0276
1,2, 3,4-TCDD 2.417 -9.024 -0.853 -8.171 0.10 0.0233
2,3, 7-Tri-CDD 1.157 -8.912 -0.751 -8.161 0.11 0.0395
2, 8-Di-CDD 1.203 -8.819 -0.568 -8.251 0.11 0.0449
1,2, 3,4, 7-PeCDD 1,266 -9.125 -0.992 -8.133 0.10 0.0224
1, 2, 4-Tri-CDD 1,667 -8.963 -0.697 -8.266 0.10 0,0338
1,2, 3, 4,6, 7,8, 9-0CDD 0 -9.44 -1.279 -8.161 0.09 0.0000
1-CDD 1.087 -8.714 -0.298 -8.416 0.11 0.0431
2,3,7,8-TCDD 0 -9.126 -1.059 -8.067 0.11 0.0328
1,2, 3,4,6,7, 8-HpCDD 0.699 -9.324 -1.200 -8.124 0.09 0.0085
1,2, 3,6,7, 8-HxCDD 0 -9.171 -1.116 -8.055 0.10 0.0171
1,2,3,7, 8, 9-HxCDD 1.452 -9.208 -1.105 ~-8.103 0.10 0.0171
2, 3-Dibromo-7, 8-di~CDD 0.223 -9.061 -0.988 -8.073 0.11 0.0334
2,8~Bromo-3, 7-di-CDD 0.138 -9.064 -0.987 -8.077 0.11 0.0334
2-Bromo-3, 7, 8-tri-CDD 0,136 -9.031 -0.949 -8.082 0.11 0.0337
1, 3,7, 8, 3-PenBDD 1.426 -9.253 -1,113 -8.140 0.10 0.0258
1,3,7,8-TBDD 0.874 -9.137 -1.009 -8.128 0.11 0.0341
1,2, 4,7, 8-PeBDD 0.759 -9.252 -1.123 -8.129 0.1 0.0263
1,2, 3,7, 8-PeBDD 0.792 -9.211 -1.165 —-8.046 0.11 0.0246
2,3, 7-Tri-BDD 1.245 -9.014 -0.876 -8.138 0.11 0.0382
2, 7~-Di-BDD 0.000 -8.894 -0.650 -8.244 0.11 0.0437
2-BDD 1.607 -8.74 -0.428 -8.312 0.11 0.0450

Abbreviation : u, dipole moment; HBA, hydrogen bond acceptor; HBD, hydrogen bond donor
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Fig. 2. Electrostatic potential map of 2, 3, 7, 8-TCDD.
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Table 5. Electrostatic potentials in each atom
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chemical name/atom C1 Ccz C3 C4 o1 Cé C7 C8 Co 02
2, 3,7,8-TCDD -0.148 -0.03 -0.03 -0.148 -0.307 -0.148 -0.03 —-0.03 0.148 —0.307
1,2, 3,7, 8-PeCDD 0.192  0.027 -0.096 -0,082 -0.286 —0.117 -0,042 -0.047 —0.152 —0.386
2,3, 6, 7-TCDD -0.108 -0.072 -0.018 -0.153 —0.372 -0.12 -0.076 —-0.022 -0.185 —0.299
2, 3, 6-Tri-CDD 0,118 -0.047 -0.072 —0,114 -0.374 -0.218 -0.001 -0.148 -0.132 -0.297
1,2,3,4,7,8-HxCDD  -0.154 -0.001 -0.001 -0.154 -0.341 -0.139 -0.038 —0.038 0,139 —0.341
1, 3,7, 8-TCDD -0.227 0,091 -0.157 -0,058 -0.272 -0.108 0,046 —0.032 -0.149 —0.358
1,2, 4,7, 8-PeCDD -0.112 -0.128 0.106 -0.272 -0.353 —0.069 -0.089 —0.054 —0.096 -0.345
1,2, 3, 4-TCDD ~0.114 -0.006 -0.006 -0.114 -0.341 -0.174 -0.1 0.1 -0.174 -0.341
2, 3, 7-Tri-CDD 0094 -0.079 -0,044 -0.127 -0.32 —-0.071 -0.155 0.017 -0.239 —0.326
2, 8-Di-CDD ~0.12 -0.115 0.018 -0,246 -0,323 -0.246 0,018 -0.115 -0.12 —0.318
1,2,3, 4, 7-PeCDD -0.133 -0.041 0.01 -0.168 -0.347 —-0.063 —-0.148 —0.002 -0.216 -0.362
1, 2, 4-Tri-CDD -0.124 -0.097 0.071 -0.237 —0.358 -0.193 -0.102 -0.102 -0.166 —0.351
1,2,3,4,6,7,8,9-0CDD -0.152 -0.004 —0.004 -0.152 —0.381 -0.152 -0.004 —0.004 -0.152 -0.381
1-CD 0,224 -0.013 -0.151 -0,144 -0.307 -0.196 -0.099 —-0.097 —-0.208 —0.377
2,3, 7,8-TCDD ~0.135 -0.04 -0.04 -0.135 -0.3 -0.135 -0.04  0.04 -0.135 -0.3
1,2,3,4,6,7, 8-HpCDD -0.135 -0.009 -0.01 ~-0.184 -0.428 -0.165 0.01 -0.099 -0.064 —0.315
1,2,3,6,7,8-HxCDD  -0.194 0,027 -0.081 -0.098 —-0.362 —-0.194 0,027 -0.081 -0.098 -0.362
1,2,3,7,8,9-HxCDD  -0.185 0.023 —-0.073 -0.09 -0.254 -0.09 -0.73  0.022 -0.185 -0.442
Z 3 Dibromo=7, 8-di= o 133 0,044 -0.044 -0.133 -0.307 -0.142 -0.034 -0.034 0,142 -0.307
2, 8~Bromo-3, 7~di-CDD 0,087 -0.101 0.014 —0.173 -0.321 —-0.173 0.014 -0.101 -0.087 -0.297
2-Bromo-3, 7, 8-tri-CDD 0,059 -0.134 0.026 -0.174 —-0.324 -0.11 -0,077 —-0.013 -0.154 —0.311
1,3,7,8,9-PenBDD  -0.392 0.223 -0.24  0.044 -0.209 0.02 -0.149 0.091 -0.292 -0,491
1,3,7,8-TBDD 0,305 0.137 —0.193 -0.005 -0.25 -0.125 -0.037 —-0.043 -0.153 -0.392
1,2, 4,7, 8-PeBDD -0.184 -0.083 0.114 —0.275 —-0.361 —0.136 —0.019 —-0.119 -0.043 —0.345
1,2, 3,7, 8-PeBDD 0,262 0.082 -0.14 -0,030 -0.274 —0.085 -0.063 —0.085 -0.088 -0.392
2, 3, 7-Tri-BDD ~0.112 -0.06 -0.059 -0,093 —0.29 ~-0.044 —0.186 0.081 -0.275 -0.321
2, 7-Di-BDD ~0.06 -0.164 0.04 -0.257 -0.316 -0.06 —-0.164 0.04 -0.257 —0.316
2-BDD -0.034 -0.169 0.03 -0.243 -0.323 -0.173 -0.111 -0.096 —0.178 -0.298
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