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APRESENTAÇÃO
A Engenharia de Computação é a área que estuda as técnicas, métodos 

e ferramentas matemáticas, físicas e computacionais para o desenvolvimento de 
circuitos, dispositivos e sistemas. Esta área tem a matemática e a computação como 
seus principais pilares. O foco está no desenvolvimento de soluções que envolvam 
tanto aspectos relacionados ao software quanto à elétrica/eletrônica. O objetivo é a 
aplicação das tecnologias de computação na solução de problemas de Engenharia. Os 
profissionais desta área são capazes de atuar principalmente na integração entre software 
e hardware, tais como: automação industrial e residencial, sistemas embarcados, sistemas 
paralelos e distribuídos, arquitetura de computadores, robótica, comunicação de dados e 
processamento digital de sinais.

Dentro deste contexto, esta obra aborda os mais diversos aspectos tecnológicos 
computacionais, tais como: desenvolvimento de um método de verificação biométrica 
de indivíduos; uma abordagem para encontrar evidências de fraude aplicando técnicas 
de mineração de dados a bancos de dados públicos das licitações do governo federal 
brasileiro; o desenvolvimento de um método computacional para a classificação automática 
de melanomas; a aplicação de algoritmos recentes de aprendizagem de máquina, 
denominados XGBoost e Isolation Forest, para predição de irregularidades no consumo 
de energia elétrica; um modelo de receptor 5-HT2C humano que foi criado através de 
modelagem por homologia e estudos de acoplamento molecular com os ligantes ácido 
fúlvico, paroxetina, citalopram e serotonina; a análise do uso do Controlador Lógico 
Programável (CLP), apresentando sua composição (estrutura, programação e linguagem 
Ladder), montagem, vantagens e desvantagens, exemplo de tipos e fabricantes; uma 
sugestão de melhoria das etapas de análise de negócios e engenharia de requisitos, por 
meio do uso de conceitos viáveis de metodologias ágeis; a construção de um aplicativo, 
denominado QEnade, para a disponibilização de questões do ENADE para os estudantes; 
uma síntese conceitual do PC voltada para âmbito educacional referente à educação 
básica brasileira; um sistema de localização híbrido capaz de usar diferentes tecnologias 
para fornecer a localização interna e externa de robôs ou de outros dispositivos móveis; 
um sistema de sumarização multidocumento de artigos de notícias escritos em português 
do Brasil; o emprego de duas técnicas de aprendizado de máquinas para prever se parte 
do público infantojuvenil da cidade de Monte Carmelo esta suscetível a algum risco ou 
situação constrangedora nas redes sociais; a identificação das principais tecnologias 
que estão sendo utilizadas no contexto de Transformação Digital no cenário mundial; os 
elementos utilizados na construção de um sistema computacional, sem custo financeiro 
para a instituição e de fácil compreensão para o usuário, que utiliza os conhecimentos 
estatísticos para realizar a descrição, a apresentação e análise dos dados coletados; 
uma discussão acerca da confiabilidade das informações disseminadas na internet, para 



entender os riscos e a importância da avaliação dos conteúdos encontrados no ambiente 
virtual; uma proposta de estratégia para a navegação de robôs semiautônomos baseada 
apenas em informações locais, obtidas pelos sensores instalados no robô e um planejador 
probabilístico que gera caminhos a serem seguidos localmente por ele, garantindo assim 
o desvio de obstáculos.

Sendo assim, está obra é significativa por ser composta por uma gama de trabalhos 
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes 
desta área. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas 
significativas contribuições, e aos nossos leitores, desejamos uma proveitosa leitura, 
repleta de boas reflexões.

Ernane Rosa Martins
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ABSTRACT: Depression is a major public 
health concern affecting 300 million people 
worldwide, according to WHO. The mechanism 
of depression is presumed to be related to 
the role of serotonin (5-hydroxytryptamine - 
5-HT) and its receptors in the central nervous 
system. In this work a human 5-HT2C receptor 
model was created by homology modeling, 
and molecular docking studies were performed 
with the ligands fulvic acid, paroxetine, 
citalopram, and serotonin itself. Fulvic acid 
had similar affinity parameters to paroxetine 
and s-citalopram, which are widely used drugs 
for the treatment of psychiatric disorders such 
as depression and anxiety.
KEYWORDS: Depression, Fulvic Acid, 
5-HT2C, Serotonin, Molecular Docking.

ESTUDO IN SILICO DA INTERAÇÃO 
ENTRE O RECEPTOR 5-HT2C 

HUMANO E CANDIDATOS A DROGAS 
ANTIDEPRESSIVAS

RESUMO: A depressão é uma grande 
preocupação de saúde pública, que afeta 
300 milhões de pessoas em todo o mundo, 
de acordo com a OMS. Presume-se que o 
mecanismo da depressão esteja relacionado 
ao papel da serotonina (5-hidroxitriptamina - 
5-HT) e seus receptores no sistema nervoso 
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central. Neste trabalho, um modelo de receptor 5-HT2C humano foi criado através de 
modelagem por homologia e foram realizados estudos de acoplamento molecular com 
os ligantes ácido fúlvico, paroxetina, citalopram e serotonina. O ácido fúlvico apresentou 
parâmetros de afinidade semelhantes aos da paroxetina e do s-citalopram, que são 
medicamentos amplamente utilizados no tratamento de distúrbios psiquiátricos, como 
depressão e ansiedade. 
PALAVRAS-CHAVE: Depressão, Ácido Fúlvico, 5-HT2C, Serotonina, Ancoramento 
Molecular.

1 |  INTRODUCTION
Depression represents an important public health concern, affecting 300 million 

people worldwide, according to World Health Organization [WHO 2018]. The mechanism of 
depression is presumed to be strongly related to the role of serotonin (5-hydroxytryptamin 
– 5-HT) and its receptors in the central nervous system, especially in the dorsal raphe 
nucleus [Borroto-Escuela et al. 2018; Grandjean et al. 2019; Marek 2017; Yohn et al. 
2017]. Antidepressant drugs like paroxetine, fluoxetine, and s-citalopram act by selectively 
inhibiting serotonin reuptake, and therefore making serotonin available inside synaptic 
ambient for a longer time [Grandjean et al. 2019]. It is known to exist 14 different types of 
serotonin receptors [Palacios 2016], and that 5-HT2C is a prominent subject of studies on 
mental diseases like anxiety, major depression disorder, and bipolar disorder, and on neuro-
degenerative diseases like Alzheimer and Parkinson [Tohda 2014].

In traditional ayurvedic medicine a mineral called Shilajit, whose main compounds 
are fulvic acids (50–60% of the total) and humic acids, have been used for many centuries 
[Bhavsar et al. 2016]. Fulvic and humic acids are two of three fractions that can be obtained 
from the filtration of humic substances, which are components of humus, resulted from the 
degradation of organic matter in the soil and the water [Qin et al. 2019; Saleh et al. 1989; 
Thurman and Malcolm 1981]. Some beneficial activities are already related to fulvic acid, 
like antidiarrheal [Qin et al. 2019], anti-inflammatory [Chien et al. 2015], humoral immune 
stimulation [Vucskits et al. 2010], as potential drug against Aβ17–42 mediated cytotoxicity 
and neurodegeneration [Verma et al. 2013], a promising topical remedy for drug-resistant 
wound infections [Zhao et al. 2015], and therapy for the management of oral biofilm 
infections [Sherry et al. 2012]. 

In silico studies play a major role in the process of drug discovery and development. 
Through computational calculations it is possible to evaluate stereochemical characteristics 
of the molecules involved in the biological functions and to predict the binding affinity of 
receptors and ligands. However, to the best of our knowledge, no in silico studies on the 
molecular interaction between 5-HT2C and fulvic and humic acids were previously made.

Thus, the aim of this work is to in silico study the interaction of fulvic acid and humic 
acid ligands with a human 5-HT2C receptor model created by homology modeling, and to 
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compare them with those of known antidepressants and serotonin, so that it may be possible 
to indicate antidepressant drug candidate for further in silico, in vitro, and in vivo studies.

2 |  METHODS

2.1 Softwares
All softwares used in this study were chosen because of their high acceptance and 

referencing in the scientific community and because they are free. All of them were designed 
based on mathematical models of the biochemical properties of the atoms involved in the 
proteins constitution. The conformation of the proteins are mainly conceived by the means 
of genetic algorithm computation, especially that of molecular docking calculations.

2.2 Homology modeling
Structural models of 5-hydroxytryptamine 2C receptor isoform – a precursor (5-HT2C) 

of Homo sapiens – were generated by homology modeling using the software MODELLER 
9v21 (https://salilab.org/modeller/) [Eswar et al. 2006], through its the graphical interface 
integrated to the software UCSF Chimera (https://www.cgl.ucsf.edu/chimera/) [Pettersen et 
al. 2004].

The search for homolog proteins to 5-HT2C (amino acids sequences with accession 
code NP_000859.1 in NCBI’s database) was done among experimental structures available 
in the Protein Data Bank (PDB) (https://www.rcsb.org/) [Berman 2000], from which three 
templates (Table 1) were chosen: 5-HT2C, 5-HT2AR, and 5-HT2B-BRIL. One hundred 
independent models were generated and the model presenting the most negative value for 
the function of DOPE energy was chosen [Plácido et al. 2017].

Template 
proteins

PDB 
code Resolution Sequence 

Identity Species

5-HT2C 6BQG 3.0Å 76.5% Escherichia coli, Homo sapiens
5-HT2AR 6A93 3.0Å 56.4% Escherichia coli, Homo sapiens

5-HT2B-BRIL 4IB4 2.7Å 47.7% Escherichia coli, Homo sapiens

Table 1. Details of the protein models used for homology modeling.

The 3D structures of fulvic acid (CID 5359407), humic acid (CID 90472028), 
paroxetine (CID 43815), and serotonin (CID 5202) were downloaded from PubChem Open 
Chemistry Database (https://pubchem.ncbi.nlm.nih.gov/) [Kim et al. 2019]. The structures of 
the ligands are shown in Figure 1.
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2.3 Molecular Docking
The molecular docking calculations were done with the software AutoDock Vina 

(https://vina.scripps.edu/) [Trott and Olson 2010]. The ligand and the protein were prepared 
for the calculations with AutoDock Tools (ADT) 1.5.6 [Morris et al. 2009]. 5-HT2C model was 
set as rigid and all ligands was considered as fl exible, with their torsion being added during 
the preparation process. Hydrogens were added to both receptor and ligands individually, 
Gasteiger charges were then calculated by ADT, and non-polar hydrogens were merged. 
The grid box was sized as 22.5 x 22.5 x 22.5 units of 1 Å for each axis. The grid box 
was centered in the coordinates of the oxygen of the residue Asp95, in the active site of 
5-HT2C. The number of modes were set to 100, and exhaustiveness was set to 64. All other 
parameters were left in default. The conformations with the highest affi nity were ranked by 
their root mean square deviation (RMSD). The conformation with the highest affi nity was 
chosen to further visual inspection and analysis.

Figure 1. Structure of the ligands used in the study

3 |  RESULTS AND DISCUSSION
The results of the molecular docking of the template-based model of 5-HT2C with 

fulvic acid, humic acid, paroxetine, s-citalopram, and serotonin are shown in Table 2.
Serotonin is the element used in this study to represent, alongside with paroxetine 

and s-citalopram, the standards to assess the results obtained with fulvic and humic acids. 
Trans-membranes proteins of the same family as 5-HT2C do the transportation of serotonin 
from the synaptic cleft back to the interior of neuron’s cytoplasm. The binding energy showed 
by the complex of serotonin with the 5-HT2C model was -6.5 kcal mol-1. Therefore, these 
values were considered as reference for the typical physiological pattern for this enzyme 
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and its main ligand in the context of this template-based model of 5-HT2C.

Complex
(Protein-Ligand)

ΔGbind a

(kcal/mol)
Amino acids interacting 

through hydrogen bonds b
Amino acids exerting hydrophobic 

interactions b

Paroxetine -8.7 None Asp95, Val96, Leu170, Trp91, Trp285, 
Phe288, Ile92, Ser99, Phe175, Val315

Fulvic Acid -8.4 Ser99, Ser180, Thr100
Phe288, Leu170, Val96, Val176, 

Gly179, Phe289, Trp91, Ile92, Asp95, 
Ala183

S-citalopram -8.0 Asn292, Ser71
Leu170, Val315, Trp91, Val96, Tyr79, 
Ile92, Asp95, Phe288, Ala74, Ile75, 

Leu311

Serotonin -6.5 Asp95, Ser180, Val176, 
Ser99 Val96, Gly179, Phe289, Ile92, Leu170

Humic Acid -6.3 Ser180, Ser99 Val96, Phe289, Gly179, Phe288, 
Leu170, Phe175, Val176, Ala183

Table 2. Parameters affinity of the molecular docking with 5-HT2C 
aEstimated free binding energy b Obtained with the Ligplot software.

The complex of paroxetine with the 5-HT2C model showed highest estimated free 
binding energy (-8.7 kcal mol-1) of all the complexes tested. Paroxetine formed no hydrogen 
bonds, but made hydrophobic interactions with 12 residues (Table 2). S-citalopram showed a 
biding affinity of -8.0 kcal mol-1 in complex with 5-HT2C. This ligand formed hydrogen bonds 
with the Asn292, and Ser71 residues of 5-HT2C, and made 13 hydrophobic interactions. 
These results are consistent with the fact that paroxetine and s-citalopram are well-known 
selective serotonin reuptake inhibitors (SSRI) [Matthäus et al. 2016], which are widely 
used for the treatment of several psychiatric disorders like depression and anxiety, with 
paroxetine being one of the most potent SSRI known [Davis et al. 2016].

Testing fulvic acid and humic acid was the main objective of this study. The complex 
of humic acid with 5-HT2C presented way less estimated binding affinity than any other 
compound in study (-6.3 kcal mol-1). It formed hydrogen bonds with  Ser180 and Ser99, 
and made hydrophobic interactions with 10 residues. As for fulvic acid, it showed similar 
estimated free binding energy values of that of paroxetine (-8.7 kcal mol-1 versus -8.4 kcal 
mol-1), and higher affinity than serotonin (-6.5 kcal mol-1 versus -8.4 kcal mol -1). Fulvic acid 
made hydrogen bonds with Ser99, Ser180, Thr100 residues of 5-HT2C model, and made 
other 12 hydrophobic interactions within the active site. These results indicate that fulvic acid 
may be considered a potential drug candidate to the inhibition of 5-HT2C receptor, acting 
in similar way as paroxetine and s-citalopram, and having higher affinity than s-citalopram.

All hydrogen bonds and hydrophobic interactions are shown in Figure 2. 
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Figure 2. hydrogen bonds and hydrophobic interactions obtained with Ligplot+: a) Serotonin, b) 
s-citalopram, c) paroxetine, d) humic acid, and e) fulvic acid.

4 |  CONCLUSION
Fulvic acid may be considered a potential drug candidate to the inhibition of 5-HT2C 

receptor, once it showed similar binding affi nity to paroxetine and s-citalopram, which are 
widely used drugs in the treatment of psychiatric disorders like depression and anxiety. On 
the other hand, humic acid had the lowest binding affi nity of all ligands tested and may not 
have as great potential as fulvic acid.

Further studies, such as molecular dynamics simulation, in vitro, and in vivo studies 
are necessary to prove the effi cacy of fulvic acid as an antidepressant drug.
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