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Adverse Outcome Pathway
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Neurotoxicity - adverse effect on the functioning of 
the nervous system

Neurotoxicity of chemicals depends on their 
interaction with neurological targets



ToxCast vs ChEMBL Database
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- In many cases ChEMBL has 
x100 active compound comparing 
with ToxCast

- ToxCast data are not integrated 
into ChEMBL database



ExCAPE-DB
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“ExCAPE-DB: an integrated large scale dataset facilitating Big Data analysis in 
chemogenomics”, Sun et al. J. Cheminform. (2017) 9:17



ExCAPE-DB Data Curation
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Chemical structure standardization
 fragment splitting
 isotope removal
 stereochemistry
 tautomer generation
 neutralization

Bioactivity data standardization
 single protein target
 active if concentration < 10 µM
 organic compounds (without metals)
 molecular weight < 1000 Da 
 number of heavy atoms > 12 (remove small and inorganic compounds) 
 multiple activity data for the same chemical-target pair are aggregated 

with maximal potency as final value    



Studied Proteins
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Two datasets were generated:
- approximately equal number of Active and Inactive compounds
- activity values for active compounds



Online Chemical Modeling Environment
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QSAR modeling was performed using OCHEM web-server



Datasets for QSAR Modeling 
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Methods for QSAR Modeling 
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QSAR Statistical Parameters
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In the formulae below,      and     denote predicted and real values of the predicted property for i-th compound in the set.  
and           are the means of the predicted and real property values; s (y) denotes the standard deviation. 

�𝑦𝑦𝑖𝑖 𝑦𝑦𝑖𝑖
𝐸𝐸( �𝑦𝑦) 𝐸𝐸(𝑦𝑦)

Root Mean Square Error R2 (Pearson correlation coefficient)

Regression models

Classification models

Accuracy Balanced accuracy

𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹 + 𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹 𝐵𝐵𝐵𝐵 =
1
2

𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹

+
𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹

TP – true positive TN – true negative
FP – false positive FN – false negative



Classification Models for ACHE

Cleared. Case 88ABW #2019-4256, 29 Aug 2019



Regression Models for ACHE
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Summary Table of QSAR Models
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Validation set

Classification Regression

Target Actives Inactives Acc
train

BAcc
train

Acc
valid

BAcc
valid

R2
train

RMSE
train

R2
valid

RMSE
valid

ACHE 280 289 95 95 96 96 0.81 0.57 0.8 0.61
ADORA1 296 111 99 98 95 91 0.73 0.48 0.67 0.53
ADORA2A 352 373 97 97 98 98 0.7 0.6 0.76 0.56
ADRA1A 122 126 96 96 97 97 0.72 0.67 0.63 0.67
ADRB2 108 104 98 98 99.5 99.5 0.75 0.51 0.82 0.49
CACNA1B 123 226 86 86 88 87 0.74 0.32 0.78 0.35
CHRM1 158 227 96.3 96.2 96.6 96 0.71 0.7 0.73 0.67
DRD1 162 170 95 94 95 95 0.71 0.66 0.65 0.65
DRD2 420 561 98.1 98.1 92.9 94.3 0.65 0.6 0.68 0.56
GRM4 63 45 96.9 96.9 98 99 0.62 0.45 0.73 0.37
HTR1A 297 332 98 98 99 99 0.68 0.63 0.64 0.65
OPRD1 386 332 98.7 98.7 95.1 95.3 0.74 0.68 0.76 0.63
OPRK1 328 401 96.8 96.8 97 96.9 0.75 0.7 0.72 0.78
OX1R 139 168 93 92 93 93 0.86 0.39 0.8 0.43
SCN9A 356 339 99 99 99 99 0.8 0.42 0.8 0.43
SLC6A3 236 264 97.1 97 97.8 97.8 0.72 0.57 0.58 0.73
SLC6A4 140 49 98 98 95 90 0.8 0.53 0.7 0.62



Summary
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- Developed and validated classification and regression QSAR models 

for 17 neurological proteins

- Accuracy for classification models >= 90%

- R2 for regression models (training sets) > 0.62
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