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Abstract: Alzheimer's disease (AD) is the most prevalent form of dementia, and current 

indications show that twenty-nine million people live with AD worldwide, a figure expected rise 

exponentially over the coming decades. AD is characterize with several pathologies this disease, 

amyloid plaques, composed of the β-amyloid peptide and γ-amyloid peptide are hallmark 

neuropathological lesions in Alzheimer's disease brain. Indeed, a wealth of evidence suggests 

that β-amyloid is central to the pathophysiology of AD and is likely to play an early role in this 

intractable neurodegenerative disorder. For this reason, we developed a new QSAR (QSAR) 

model to discover new drugs. A public database ChEMBL contain Big Data sets of inhibitors of 

β-secretase. We revised QSAR studies using method of Artificial Neural Network (ANN) in 

order to understand the essential structural requirement for binding with receptor for β-secretase 

inhibitors. 
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1. Introduction 

Alzheimer ś disease (AD) (1) is a serious and 

degenerative disorder that causes a the gradual 

loss of neurons, and in spite of the efforts 

realized by the big pharmaceutical companies of 

the world, the origen of this pathology is still not 

very clear. We can see in this paper that the 

development of theoretical and QSAR models to 

study γ-secretase inhibitors are usually not many 
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achieved so far, and most of these works present 

docking studies. Watching this situation we need 

to develop QSAR models with γ-secretase 

inhibitors. In this sense, quantitative structure-

activity relationships (QSAR) could play an 

important role in studying these γ-secretase 

inhibitors; QSARs can be used as predictive 

tools for the development of molecules (2, 3). 

Computer-aided drug design techniques based on 

Quantitative Structure-Activity Relationships 

(QSAR) could play an important role in drug 

discovery programs. The QSAR approach 

involves the development of models that relate 

the structure of drugs with their biological 

activity against different targets (4, 5). In 

principle, there are currently more than 1600 

molecular descriptors that may be generalized 

and used to solve the problem outlined above (6). 

Numerous different molecular descriptors have 

been reported to encode chemical structures in 

QSAR studies. Furthermore, there are multiple 

chemometric approaches that can, in principle, 

be selected for this step. Multiple linear 

regression (MLR), linear discriminant analysis 

(LDA) (7), partial least squares (PLS) and 

different kinds of artificial neural networks 

(ANN) can be used to relate molecular structure 

(represented by molecular descriptors) with 

biological properties. The ANNs are particularly 

useful in QSAR studies in which the linear 

models fit poorly due to high data complexity 17; 

18;, an example was the work of Prado-Prado et. 

al. In which four types of artificial neural 

networks (ANN) were developing for γ-secretase 

inhibitors, ANNs was constructing from more 

than 15 000 cases with more than 1 500 different 

molecules inhibitors of γ-secretase obtained from 

ChEMBL database 

http://www.ebi.ac.uk/ChEMBLdb/index.php. We 

used spectral moments molecular descriptors 

calculated with Modeslab software (8). 

2. METHOD 

2.1. Data set 

The data set used in this article was obtained 

from ChEMBL database. It has more than 30 000 

cases and more than 1 500 different compounds 

inhibitors of γ-secretase. In total we used more 

than 10 000 different molecules to develop the 

QSAR models obtained in ChEMBL. This is a 

database of bioactive drug-like small molecules, it 

contains 2D structures, calculated properties (e.g. 

logP, Molecular Weight, Lipinski Parameters, etc.) 

and abstracted bioactivities (e.g. binding constants, 

pharmacology and ADMET data). ChEMBL 

normalises the bioactivities into a uniform set of 

end-points and units where possible, and also tags 

the links between a molecular target and a 

published assay with a set of varying confidence 

levels. The data is abstracted and curated from the 

primary scientific literature, and covers a 

significant fraction of the SAR and discovery of 

modern drugs.. 

  

1.2.ANN models 

The ANN models are non-linear models useful 

to predict the biological activity of a large 

datasets of molecules. This technique is an 

alternative to linear methods such as LDA. 

Figure 1 depicts the networks maps for some of 

the ANN models. In general, at least one ANN of 

every types tested was statically significant. 

However, one must note that the profiles of each 

network indicate that these are highly nonlinear 

and complicated models. 

There are several different kinds of ANN and 

these include multilayer perceptron (MLP), 

radial basis functions (RBF) and PNNs; the latter 

ANN is a variant of RBF systems. In particular, 

PNN is a type of neural network that uses a 
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kernel-based approximation to form an estimate 

of the probability density functions of classes in 

a classification problem (9). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Topology of some ANN models trained in this work. 

 

 

Figure 2. ROC Curve for classifier. 

 

Model Train Stat. Validation 

profile active Non-active % Par. active Non-active % 

LNN 983 129 88.40 Sn 475 81 85.43 

14:14-1:1 2943 22415 88.39 Sp 1545 11187 87.87 

 
  

88.39 Ac 

  

87.76 
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PNN 0 1112 0 Sn 0 556 0 

14:14-26470-2-2:1 0 25358 100 Sp 0 12732 100 

   
95.80 Ac 

  
95.82 

MLP 781 331 70.23 Sn 396 160 71.22 

15:15-9-1:1 7610 17748 69.99 Sp 3879 8853 69.53 

   
70.00 Ac 

  
69.60 

RBF 482 74 86.69 Sn 964 148 86.69 

15:15-691-1:1 0 12697 100 Sp 0 25393 100 

 
  

99.44 Ac 

  

99.44 

Table 1. Comparison of different ANNs classification models. 

 

 

3. RESULTS AND DISCUSSION 

The network found was RBF and it showed 

training performance higher than 99%. We 

compare different types of networks to obtain a 

better model; Table 1 shows the classification 

matrix of the different networks. 15:15-691-1:1 

was taken as the main network because it 

presented a wider range of variables, 15 inputs in 

the first layer and 15 neurons in second layer, 

and two sets of cases (Training and Validation). 

Another tested networks found were MLP 15:15-

9-1:1, LNN 14:14-1:1 presented low accuracy 

and PNN 14:14-26470-2-2:1 had a very low 

percentage of non-active leading to possible 

errors in the model although its accuracy very 

good, see Table 1. In Figure 2, we depict the 

ROC-curve (10) for LNN tested (ROC=0.96). 

Notably, almost model presented and an area 

under curve higher than 0.5 (the value for a 

random classifier). The vitality of this type of 

procedures developing ANN-QSAR models has 

been demonstrated before(11); see, for instance, 

the work of Fernandez and Caballero (12). The 

same is true about the ANNs tested, where is 

illustrated ROC-curve of ANN LNN with an area 

higher than 0.93. To show how important is this 

result, we compared the present model with other 

model used to address the same problem. We 

processed our data with Artificial Neural 

Networks (ANNs) looking for a better model. In 

general, the ANN RBF tested was statically 

significant. 

4. CONCLUSIONS 

Theoretical studies such as QSAR models have become a very useful tool in this context 

substantially reduce time and resources consuming experiments. The functions of γ-secretase and its 

implication in Alzheimer's disease have triggered an active search for potent and selective γ-secretase 

inhibitors. In this sense, QSAR could play an important role in studying these γ-secretase inhibitors. 

QSARs can be use as predictive tools for the development of molecules. In this work, we developed a 

new ANN RBF model using the ModesLab descriptors, based on a large database using about 10,000 

different drugs obtained from the ChEMBL server. A very good model obtained, and it predict near to 

99% γ-secretase inhibitors. This model could be a goal to discover new drugs to treat AD. 

. 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-6, Proceedings  5 

http://sciforum.net/conference/mol2net-1 

 

 

ACKNOWLEDGEMENTS 

 

The authors thank the sponsorship DCS-UQROO PROFOCIE (P/PROFOCIE-2014-23MSU0140Z-

09DCS) and sponsorships for research project PRODEP-Fortalecimiento Cuerpos Académicos 2012.. 

 

REFERENCES 

 

1. Salmon SA, Watts JL. Minimum inhibitory concentration determinations for various 

antimicrobial agents against 1570 bacterial isolates from turkey poults. Avian Dis. 2000 Jan-

Mar;44(1):85-98. 

2. Chou KC. Review: Structural bioinformatics and its impact to biomedical science. Current 

Medicinal Chemistry. 2004;11:2105-34. 

3. Chou KC, D. Q. Wei, Q. S. Du, S. Sirois, and W. Z. Zhong. . Review: Progress in 

computational approach to drug development against SARS. Current Medicinal Chemistry 

2006;13:3263-70. 

4. Prado-Prado FJ, Gonzalez-Diaz H, de la Vega OM, Ubeira FM, Chou KC. Unified QSAR 

approach to antimicrobials. Part 3: first multi-tasking QSAR model for input-coded prediction, 

structural back-projection, and complex networks clustering of antiprotozoal compounds. Bioorg Med 

Chem. 2008 Jun 1;16(11):5871-80. 

5. Prado-Prado FJ, de la Vega OM, Uriarte E, Ubeira FM, Chou KC, Gonzalez-Diaz H. Unified 

QSAR approach to antimicrobials. 4. Multi-target QSAR modeling and comparative multi-distance 

study of the giant components of antiviral drug-drug complex networks. Bioorg Med Chem. 

2009;17:569–75. 

6. Kubinyi H. Quantitative structure-activity relationships (QSAR) and molecular modelling in 

cancer research. J Cancer Res Clin Oncol. 1990;116(6):529-37. 

7. Prado-Prado FJ, Borges F, Perez-Montoto LG, Gonzalez-Diaz H. Multi-target spectral moment: 

QSAR for antifungal drugs vs. different fungi species. Eur J Med Chem. 2009 May 5. 

8. Estrada E. On the topological sub-structural molecular design (TOSS-MODE) in QSPR/QSAR 

and drug design research. SAR QSAR Environ Res. 2000;11(1):55-73. 

9. Mosier PD, Jurs PC. QSAR/QSPR studies using probabilistic neural networks and generalized 

regression neural networks. J Chem Inf Comput Sci. 2002 Nov-Dec;42(6):1460-70. 

10. Lombardi G, Gramegna G, Cavanna C, Michelone G. Fluconazole vs amphotericin B: "in 

vitro" comparative evaluation of the minimal inhibitory concentration (MIC) against yeasts isolated 

from AIDS patients. Microbiologica. 1990 Jul;13(3):201-6. 

11. Prado-Prado FJ, Garcia-Mera X, Gonzalez-Diaz H. Multi-target spectral moment QSAR versus 

ANN for antiparasitic drugs against different parasite species. Bioorg Med Chem. 2010 Mar 

15;18(6):2225-31. 

 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-6, Proceedings  6 

http://sciforum.net/conference/mol2net-1 

 

 

12. Fernandez M, Caballero J, Tundidor-Camba A. Linear and nonlinear QSAR study of N-

hydroxy-2-[(phenylsulfonyl)amino]acetamide derivatives as matrix metalloproteinase inhibitors. 

Bioorg Med Chem. 2006 Jun 15;14(12):4137-50. 

 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions defined by MDPI AG, the publisher of the Sciforum.net 

platform. Sciforum papers authors the copyright to their scholarly works. Hence, by submitting a paper 

to this conference, you retain the copyright, but you grant MDPI AG the non-exclusive and un-

revocable license right to publish this paper online on the Sciforum.net platform. This means you can 

easily submit your paper to any scientific journal at a later stage and transfer the copyright to its 

publisher (if required by that publisher). (http://sciforum.net/about ). 

http://sciforum.net/conference/mol2net-1

