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RESUMO

O HIV é um virus que afeta mais de 37 milhées de pessoas em todo o mundo,
onde apenas 23,3 milhdes recebiam tratamento retroviral em 2018, de acordo
com a OMS, apenas 62% recebiam tratamento anti-HIV. Muitos grupos de
pesquisa estdo em busca de novos medicamentos para tratar e combater
infecgdes crénicas causadas pelo virus no corpo. Entre esses alvos estao trés
enzimas envolvidas no ciclo de vida do HIV: a transcriptase reversa, que é uma
enzima responsavel pela biossintese do DNA viral do corpo. O RNA do virus, a
enzima protease responsavel pela clivagem do DNA viral em unidades menores
e funcionais, e a integrase, que é uma enzima responsavel pela integracéo
dessas unidades menores e funcionais no DNA dos linfécitos T CD4 +, dando a
possibilidade de multiplicagao retroviral e morte prematura. dessas células de
defesa, cuja diminuicdo da concentragcdo no organismo, deixa o infectado
suscetivel a doenca oportunista devido a sindrome da imunodeficiéncia
adquirida. Por conta disso, muitas pesquisas objetivam inibir uma dessas
enzimas para tentar combater a progressao da AIDS, esta pesquisa teve como
objetivo verificar através de técnicas in silico a possivel atividade inibitéria de um
conjunto de derivados 2-aminotiofénicos contra essas trés enzimas. , conceitos
de planejamento racional de medicamentos, como triagem virtual e modelagem
molecular, foram empregados, usando diferentes ferramentas computacionais
como modelos de predi¢ao, taxa de absor¢géo baseada na area topoldgica total,
violagdo da regra de Lipinski, docking molecular e analise. de metabdlitos
hepaticos. Apds todas as analises foi possivel concluir que 07 compostos dos
180 inicialmente testados poderiam ter atividade potencial contra o HIV-1 com
baixo efeito toxicoldgico.

Palavras-chave: HIV, transcriptase reversa, modelagem molecular e 2-
aminotiofenos.



ABSTRACT

HIV is a virus that affects more than 37 million people worldwide, where only 23.3
million were receiving retroviral treatment in 2018, according to the WHO, only
62% received anti-HIV treatment. Many research groups are looking for new
drugs to treat and fight chronic infections caused by the virus in the body. Among
these targets are three enzymes involved in the HIV life cycle: reverse
transcriptase, which is an enzyme responsible for the biosynthesis of the body's
viral DNA. Virus RNA, the protease enzyme responsible for cleavage of viral DNA
into smaller, functional units, and integrase, which is an enzyme responsible for
integrating these smaller, functional units into the DNA of CD4+ T lymphocytes,
giving the possibility of retroviral multiplication and premature death. of these
defense cells, whose reduced concentration in the organism, makes the infected
person susceptible to opportunistic disease due to the acquired
immunodeficiency syndrome. Because of this, many researches aim to inhibit
one of these enzymes to try to fight the progression of AIDS, this research aimed
to verify through in silico techniques the possible inhibitory activity of a set of 2-
aminothiophenic derivatives against these three enzymes. , concepts of rational
drug planning, such as virtual screening and molecular modeling, were
employed, using different computational tools such as prediction models,
absorption rate based on the total topological area, violation of Lipinski's rule,
molecular docking and analysis. of hepatic metabolites. After all the analyzes it
was possible to conclude that 07 compounds of the 180 initially tested could have
potential activity against HIV-1 with low toxicological effect.

Keywords: HIV, reverse transcriptase, molecular modeling and 2-
aminothiophenes.
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1. INTRODUGAO

A AIDS é considerada um problema de saude publica, que acomete
pessoas do mundo todo, independentemente de classe social, género, raca e
outros. Esta associada a pratica sexual de comportamentos de risco, o
compartilhamento de seringas para usuarios de drogas injetaveis, contato direto
com sangue contaminado e transmisséo vertical de mae para filho. (MACHADO-
ZALDIVAR et al., 2021;BROEK, VAN DEN, 2021)

A grande maioria dos casos de infecgao dao-se pela relagdo sexual sem
o0 uso do preservativo, sendo o mais eficaz método profilatico da doencga
recomendado pelos érgéos de saude. A conscientizagdo de habitos sexualmente
seguros e que propiciam menor exposi¢cao ao virus do HIV é realizada através
de campanhas educativas destinadas a todas as idades. (STONE et al.,
2021;PRESANIS et al., 2021)

Segundo a WHO a faixa de vulnerabilidade esta entre 15 a 49 anos, e
milhdées de pessoas morrem anualmente vitimas de complicagdes decorrentes a
infeccao pelo HIV, é veridica a informacao de que a AIDS propriamente dita ndo
capaz de provocar diretamente a morte do infectado, porém, contudo a
diminuicao das células imunolégicas devido a infec¢ao pelo retrovirus também
diminui gradativamente a capacidade de defesa contra os microrganismos
invasores, devido a fragilidade causada pela AIDS o individuo pode vir a ébito
decorrentes de acdes infecciosas secundarias como a pneumonia, tuberculose,
meningite e outros. (MELO et al., 2021)

Atualmente existem quatro linhas de pesquisas na produc¢ao de farmacos
retrovirais para o HIV e suas mutagdes, cada linha corresponde a um alvo
farmacoldégico diferente, o primeiro alvo esta no camada de glicoproteinas com
os inibidores de fusdo (o impedimento da aproximagéo entre o virus e célula
normalmente ndo permite que o processo infeccioso inicie), o segundo alvo seria
a protease uma enzima responsavel por clivar em unidades menores e
funcionais a cadeia proteica viral, o terceiro alvo seria a enzima integrase
responsavel por inserir a unidade viral no material genético da célula hospedeira,

como ultimo alvo tem-se a transcriptase reversa que € uma DNA polimerase



responsavel pela sintese do material genético viral. (ZHU et al., 2021;
STEENKAMP, [s.d.])

As mutagbes sofridas pelo HIV que o torna resistente as drogas
impulsiona pesquisas na busca de novas alternativas terapéuticas com bioativos
isolados ou combinados. Motivadas pelo numero de casos anuais de novas
infeccoes, apesar de muitos esforgos a infecgao por HIV é crescente no mundo
todo, assim como as variagdes do agente infecioso, assim, pesquisa como esta
€ necessario para o desenvolvimento cientifico da area. (YEO et al., 2021; LI, Y.
etal., 2021)

No desenvolvimento de novos farmacos € possivel contar com o auxilio
da quimioinformatica com o planejamento racional de novos bioativos, através
das ferramentas in silico cientistas sao capazes de predizer uma determinada
atividade bioldgica analisando varios parametros estruturais, das moléculas cuja
atividade ainda é desconhecida com base nas estruturas de moléculas cujas
atividades ja foram testadas. (MONICA et al., 2021; BRIAN, 2021)

Estudos de QSAR e outros métodos computacionais reduzem custos
vinculados as pesquisas, e preveem possiveis resultados satisfatorios, contudo,
0os métodos in silico possuem suas margens de erros inerentes dos processos,
mas estes podem ser reduzidos através de cuidadosas validagbes que vao se
aprimorando ao longo da aplicabilidade das ferramentas de quimica
computacional. (DING et al., 2021; BHOLE et al., 2021)

A quimica computacional também trata de informagbes estruturais
visando uma aplicabilidade bioldgica, segundo teorias da gestdo da informacgao,
o0 aumento da probabilidade de sucesso em um estudo voltado a analise de
dados depende diretamente da qualidade da observacao e do tratamento desse
conjunto de informacdes. (ANDRIANOV et al., 2021)

Para esta pesquisa foi escolhido derivados de 2-aminotiofeno por se tratar
de uma linha de pesquisa bem consolidado, em sintese de produtos quimicos
organicos, desenvolvidos na Universidade Estadual da Paraiba, como os efeitos
antivirais sdo conhecidos para essa classe de compostos, esperou-se apontar
efeito anti-HIV.



Para isso, foram realizadas analises ligand-based e structure-based
realizando uma triagem virtual hibrida para proposi¢cao de bioativos frente a

transcriptase reversa do HIV-1.



2. FUNDAMENTAGAO TEORICA

2.1 HIV - Virus de Imunodeficiéncia Adquirida

O HIV é um virus cujo material genético € o RNA, por isso, é considerado
um retrovirus e sua familia € a Retroviridae, apresenta um longo periodo de
incubacédo que pode chegar até 20 anos, com isso, seu género taxonémico &
Lentivirus. O HIV é provoca uma doenga imunopatoldgica causadora de uma
infeccdo cronica responsavel pela diminuicdo das células do sistema
imunoldgico, o individuo infectado fica susceptivel a varias outras doengas,

impossibilitando o organismo de combater possiveis ataques de microrganismos

invasores, esta infecgdo dar-se o nome de AIDS (Acquired Immunodeficiency
Syndrome). (STOLBOV et al., 2020; FERRANTE; RE, 2020; IMAMICHI, H. et al.,
2020)

Resumo da epidemia global de HIV, 2020

@ Total
Adultos
m {15+ anos)
o Mulher
(15+ anos)
o Homem
(15+ anos)
m Criangas
(15 anos)

Fonte: UNAIDS/WHO

Pessoas vivendo

com HIV

37.7 milhdes

[30.2-45.1 milhdes]

36.0 milhdes

[28.9-43.2 milhdes]

19.3 milhdes

[15.5-23.1 milh&es]

16.7 milhdes

[13.3-20.1 milhdes]

1.7 milhdes
[1.2-2.2 milhdes]

Pessoas
adquiriram HIV

1.5 milhes
[1.0-2.0 milhdes]

1.3 milhdes
[910 000-1. milhdes]

660 000
[450 0D00-920 000]

640 D00
[460 000-890 000]

150 000
[100 000-240 000)

Pessoas morreram
com HIV

680 000
[480 000-1.0 milhdes]

580 000
[400 D00-850 000]

240 000
[170 000-360 000]

340 000
[230 000-490 000]

99 000
[68 DDO-160 000]

% World Health

Organization

Figura 1. Dados estatisticos do HIV no mundo segundo a WHO.

De acordo com a WHO muitas pessoas vivem com o HIV, segundo dados
a populacgao infectada em 2020 foi cerca de 37,7 milhdes, dos quais 19,3 milhdes

foram mulheres, segundo o boletim epidemiolégico, houveram 1,5 milhdes de



novos casos de infecgdo no mundo. Em criangas abaixo de 15 anos de idade
corresponde a cerca de 1,7 milhdes do total com 150mil novos casos no ano
passado, conforme mostrado na Figura 1. (GIROIR, 2020;JIANG; ZHOU, Y;
TANG, 2020)

2.2 Morfologia do HIV-1, multiplicacéo viral e terapias

O HIV é um virus de 100 a 150 nm de diametro que possui RNA como seu
material genético cuidadosamente protegido por uma camada de proteinas
idénticas chamada de capsideo, que lembra uma membrana celular normal,
motivo pelo qual ha dificuldade das células de defesa em reconhecer o HIV como
invasor. O invélucro é recoberto por poros eletropositivos que auxiliam na fixagao
através dos polianions celulares, cuja composicdo é estimada em 1.300
proteinas totalizando cerca de 4 milhdes de atomos. (ZHAO et al., 2021;
DEVANATHAN; KASHUBA, 2021)

Devido ao papel importante e o fato de a pouco tempo a estrutura do
capsideo ter sido desvendada, este passou de um simples envelope para um
alvo farmacoldgico promissor, uma vez que, caso virus seja impossibilitado de
fixar-se a célula hospedeira, a infecgdo nao podera ser iniciada e, com isso, 0
capsideo passou a ser compreendido como alvo farmacolégico no combate ao
HIV, a partir dos conhecidos inibidores de fusdo. (XIAO; CAIl; CHEN, B., 2021;
VVZHU et al., 2021)
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Figura 2. Esquema morfologico simplificado do HIV (Adaptado do AlIDSinfo
GLOSSARY)



Além do material genético, no meio intraviral também sdo encontradas
enzimas importantes para a multiplicagado como a protease (PR), integrase (IN)
e a transcriptase reversa (TR), sendo esta ultima exclusiva em retrovirus como
o HIV, essas trés proteinas sao indispensaveis para a evolugao para o quadro

infeccioso provocado pelo HIV.

. Transcriptase S
“ reversa (RT) RNA T & Q
Etapa 3

Proteases

Etapa 5 o

Figura 3. Esquema do ciclo de vida completo do HIV.

A contaminagédo pelo HIV consiste na fusdo da unidade viral com as
células normais do sistema imunolégico (Figura 3), apds isso, o envelope se abre
permitindo que o capsideo passe para o0 meio intracelular desintegrando-se no
citoplasma, assim o material genético viral entra no interior da célula hospedeira.
(IYER et al., 2021; SABNIS, 2021)

A transcriptase reversa traduz o RNA viral e com isso biossintetiza o DNA
viral, a integrase transporta e funde o DNA viral recém-criado ao DNA celular da
célula hospedeira no nucleo celular. Assim, com a ajuda da protease, comecga a
producao de particulas virais que serdo dispersos no citoplasma, formando

Novos virus que, ao sair do meio celular, causam a morte da célula hospedeira,



reduzindo a quantidade das células de defesa do organismo, vulnerabilizando o
individuo infectado, assim, devido a importancia no processo de multiplicacao
viral, essas enzimas sao alvos de pesquisavas que buscam o enfrentamento ao
HIV. (CILENTO; KIRBY; SARAFIANOS, 2021; FENG, D. et al., 2021)

Hoje o tratamento anti-HIV pode ser dividido em duas classes a PrEP e a
PPE, a profilaxia pré-exposi¢cao (PrEP) consiste nos procedimentos médicos,
farmacologicos ou sanitarios que impedem a evolugao infecciosa do patégeno
que o individuo foi exposto, ja a profilaxia pos-exposi¢cédo (PrEP) consiste no

tratamento apds o inicio do processo infecioso. (ASSAF et al., 2021)

Com relagdo ao HIV, a PrEP é gratuitamente oferecida, dando-se
prioridade a individuos expostos por vulnerabilidade mental, fisica ou social
(abuso sexual, rompimento de preservativo, entre outros). Existem centros
meédicos espalhados pelo mundo, inclusive em territério nacional, em todos os
estados que sdo habilitados e autorizados em administrar a PrEP no combate a
disseminagao do HIV em até 72h apés a exposicédo. (JUNIOR; CAMOZZATO,
2021)

O tratamento medicamentoso é gratuito oferecido pelo SUS (Sistema
Unico de Saude) juntamente com um acompanhamento psicoldgico que também
€ oferecido gratuitamente. Cabe salientar que a demanda de pacientes expostos
por suas vulnerabilidades vem crescendo ao longo dos anos, facilitado pelo
acesso a informacao da existéncia da PrEP, contudo o uso do preservativo é
indispensavel para a profilaxia assegurada. (JUNIOR; CAMOZZATO, 2021)

Muitos medicamentos usados na terapia retroviral foram langados, alguns
como a estavudina (Figura 4a) e o indinavir (Figura 4b) deixaram de ser
distribuidos pela rede publica de saude devido a seus efeitos toxicolégicos

acentuados. Em 1990 foi aprovada a droga zidovudina (Figura 4c). (REES, 2021)

(a) (b) (c)



HyC
NH

=z

ox/
‘Y\N/SHJCXCHGI

. o HO L =
Qo Y 0
7 —— N‘_:-N:—__-N ‘.'JZ——OH

N /

Figura 4. Algumas drogas usadas no tratamento anti-HIV.
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Desde 2014 foi aprovada pelo ministério da saude a dose tripla combinada
(Figura 5) pelos medicamentos tenofovir (300mg) + lamivudina (300mg) +
efavirez (600mg) de acordo com o protocolo clinico e diretrizes terapéuticas de
tratamento de adultos com HIV e AIDS langado no final de 2013 vigorando a
partir de 2014 (SAUDE, 2013), pois combinados demonstraram eficiéncia
farmacoldgica frente ao HIV diminuindo a possibilidade de ineficiéncia do
tratamento por mutacgéao e resisténcia as drogas usadas. (WATERS et al., 2021;
TEIRA et al., 2021)

(tenofovir) (lamivudina) (efavirez)

NH, NH,

Figura 5. Substancias da dose tripla combinada anti-HIV.

Existe uma gama de produtos sintéticos sendo produzidos e testados
frente as cepas de HIV, contudo, no geral essas substancias apresentam
toxidade consideravel no organismo dos pacientes infectados, seja devido a ao
proprio bioativo ou de metabdlitos secundarios no momento do
bioprocessamento da substancia. Além dos produtos sintéticos, muitos grupos

de pesquisas apostam na insercao de produtos naturais (PN), ou seus analogos,



para a proposicao de candidatos a farmacos anti-HIV, como exemplo se tem o
viridicatol (Figura 6), o qual esta presente em varios estudos anti-HIV. (FRANCA
RODRIGUES, DA et al., 2018)

Figura 6. Estrutura 2D do viridicatol.

Em uma recente publicagdo, de agosto de 2017, Mohammad et al.
(SADRAEIAN et al., 2017) supervisionado pelo professor Dr°. Francisco
Guimaréaes do Instituto de Fisica da USP, em parceria com a Universidade de
Louisiana, realizaram a extragdo da substancia pulchelina A (Figura 7a) das
sementes da planta Abrus pulchellus tenuiflorus (Figura 7b) encontrada na
caatinga do Nordeste brasileiro, a qual causava a apoptose de cerca de 90% das
células virais do HIV, incluindo as em estado latente, sem atingir as células

sadias.
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Figura 7. a) A Estrutura 2D da pulchelina A e b) uma foto da semente de Abrus
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2.3 Derivados 2-amino-tiofenos

Os derivados 2-amino-tiofenos sao heterociclicos do enxofre que

possuem o grupamento amina (Figura 8a), podendo seu esqueleto ser



modificado ao longo de sua obtengédo de acordo com o design dos reagentes
utilizados (SUAREZ et al., 2021; NARENDER, 2021):

NH;

-
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a

Figura 8. Estruturas 2D a) esqueleto base do 2-amino-tiofeno e b) o farmaco

comercial lamivudina para HIV.

Para o tratamento do HIV comumente sdo encontrados heterociclicos de
cinco membros, como também ¢é possivel observar a presenca do anel
pentaciclico funcionalizado com enxofre em medicamentos de combate a
infeccdo do HIV, como é o caso da lamivudina (Figura 8b). (FRANCA
RODRIGUES, DA et al., 2018; NEVES, W. W. et al., 2020)

A versatilidade da reacédo de Gewald deu origem a varias metodologias de
sintese desses compostos, cada variacdo emprega reagentes diferenciados, é
possivel destacar quatro variacbes a serem empregadas nesse projeto. A
primeira variagcdo consiste na utilizacdo de a-sulfanilaldeidos ou a-
sulfanilcetonas tratadas com acetonitrilas na presenga de base organica, como
mostra a Figura 9 abaixo (LUNA, 2017; ROCHA, [s.d.]):

R, R, b :
PO {iaiPs!
SH C\ Rzrf*—g\ R, NH;
SH N

a: Base b: Reacio de Fechamento do anel

Figura 9. Esquema reacional envolvendo compostos a-sulfanilcarbonados para

obtencao dos derivados 2-amino-tiofenos.

A segunda variagdo da reacdo de Gewald consiste na reagdo de um
compostos a-metileno carbonilado, acetonitrilas ativada e enxofre, levando até a
95% de rendimentos em alguns casos relatados na literatura, conforme a Figura
10 (LI, J. J., 2021):
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Figura 10. Esquema reacional envolvendo compostos a-metilenos carbonados

para obtencio dos derivados tiofenos.

A terceira variagao consiste na obtengao de derivados 2-amino-tiofenicos
através da condensacao de Knoevenagel-Cope, que consiste na reagao entre
utilizando nitrilas a-B-insaturadas e enxofre conforme mostrada na Figura 11
abaixo (BARI; GHANI; SYED, 2021):
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Figura 11. Esquema reacional através da condensacédo de Knoevenagel-Cope

para obtencéo dos derivados 2-amino-tiofenos.

Por fim, a quarta variagdo para obter esses heterociclicos utiliza-se
acetonitrilas com ditiane didis na presenca de base orgéanica obtendo derivados

2-amino-tiofenicos, como segue o esquema da Figura 12:

MH.

Figura 12. Esquema reacional através da reagdo de acetonitrilas com ditiane

didis para obtengao dos derivados 2-amino-tiofenos.



2.4 Importancia da quimioinformética no desenvolvimento, inovacédo e

tecnologia de medicamentos

A quimioinformatica vem crescendo ao longo dos anos, tendo uma
contribuicdo importante nas areas das ciéncias farmacéuticas, com ela é
possivel inclusive planejar de forma racional bioativos para o tratamento de
doengas, seja pela criagdo ou modificagdo estrutural dos que ja existem no
mercado. (MALAS et al., 2021)

Atualmente uma das propostas de validagao bastante empregadas sao as
analises em consenso, assim, um estudo utiliza duas ferramentas diferentes
para uma mesma analise, diminui o erro inerente de cada método. Programas
diferentes possuem algoritmos diferentes e, consequentemente, formas de
calculos diferentes, possuindo variabilidade se comparado com outros softwares.
(GUERRERO-ALONSO; ANTUNEZ-MOJICA; MEDINA-FRANCO, 2021)

Os métodos in silico ajudaram a quimicos sintéticos, quimicos de produtos
naturais e farmacologistas a diminuirem seus custos com insumos e tempo de
trabalho, uma vez que a triagem por uma atividade biologica especifica pode ser
feita através de ferramentas computacionais, com menos recursos que uma

experimentacédo laboratorial classica. (SCANDELAI, 2021)

Com as ferramentas modernas €& possivel, triar, com base em
caracteristicas moleculares convenientes a cada atividade biologica analisar as
energias e as interagdes ligante-receptor em um determinado sitio ativo, verificar
a estabilidade e o comportamento dinamico de um ligante em um determinado
receptor realizar analises quimiométricas como PLS, PCA e CPCA e estudos de
farmacoforo tedrico até propor estruturas com perfil bioldégico mais promissores.
(CHEN, Y. et al., 2021)

A entrada de dados pode ser de um banco de estruturas quimicas ou pela
leitura de artigos cientificos, o mais importante € que todas as estruturas
possuam o mesmo tipo de atividade bioldgica (ICso, ECso, Ki e outros) frente ao

mesmo organismo e tipo de teste (organismo, cepa, forma ou proteina isolada).

O calculo dos descritores moleculares é imprescindivel, pois eles seréo a

identidade estrutural de cada molécula, e juntamente com os dados



classificatorios do docking molecular é possivel perceber as moléculas que
apresentam maiores probabilidades de apresentarem caracteristicas estruturais

promissoras.

Através do aprendizado de maquina é possivel interligar cada método ou
dados de ferramentas in silico na intengcdo de um determinado estudo, essa
proposta diminui ainda mais o tempo de obtencdo dos dados e o automatico
tratamento de dados, como ja foi falado é parte fundamental na manipulagéo de
dados. (MONTE; OLIVEIRAALVIM, DE, 2021)

Comumente essa automacao é realizada através do uso de mapas auto-
organizaveis, com 0s quais sdo possiveis tratar os dados, cruzar resultados,
classificar, predizer e obter dados fisico-quimicos e quimio-farmacoldgicos de um
conjunto de estruturas quimicas em um curto espacgo de tempo. (SRIVASTAVA;
SELVARAJ; SINGH, 2021)

Com os avangos tecnolégicos, a criagado de novas ferramentas cada vez
mais eficientes, a robustez, velocidade de processamento dos computadores
mais modernos e a possibilidade de uso de supercomputadores (clusters)
transformam a quimioinformatica em uma boa aliada em estudos quimicos e
farmacoloégicos. (KUMAR, R. et al., 2021)

A triagem virtual consiste na classificagdo de substéncias com base nas
caracteristicas que melhor explicam a atividade bioldgica a ser observada, estas
caracteristicas servem para nortear analogos com atividade promissora a partir
das melhorias realizadas nessas caracteristicas. Esta abordagem € conhecida
como planejamento racional de farmacos, muito usada em pesquisas na area de
quimica de farmacos, contribuindo ainda, para a diminuicdo do tempo de

bancada na sintese de novos bioativos. (SAHIN, 2021)

Incluidos na triagem virtual, ainda é possivel considerar a predicdo dos
riscos de toxidade para cada molécula, dos quais, no geral analisa
caracteristicas de fragmentos de cada estrutura bem como o possivel
metabolismo de cada bioativo analisado, dando a possibilidade de um estudo
completo para a proposi¢ao de candidatos a farmacos. Sendo, bastante util para
estudos nas areas das ciéncias da saude e quimica medicinal. (ADZHUBEI et
al., 2021; LANGARIZADEH et al., 2021)



O planejamento racional de farmacos surgiu a partir do desenvolvimento
da quimioinformatica, no qual leva em consideragdes os resultados in silico para
buscar novas ideias na area de inovacao, aperfeicoamento e desenvolvimento
de novos medicamentos, dando a possibilidade de analise de caracteristicas
quimicas, fisicas, farmacolégicas, farmacodinamicas, farmacocinéticas e

adequadas tecnologias de formulagbes farmacéuticas. (IMANI et al., 2021)



3. OBJETIVOS

3.1 Objetivo Geral

Realizar a triagem virtual hibrida (baseado no ligante e na estrutura do
receptor) de um grupo de 180 moléculas derivadas do 2-aminotiofeno frente a
transcriptase reversa do HIV-1, levando em consideragao além da predigao da

atividade bioldgica, algumas propriedades ADMET.

3.2 Objetivos Especificos

. Elaborar um modelo de predigao de atividade anti-HIV no KNIME;

. Elaborar um modelo de predicdo para a absorgcdo intestinal e
permeabilidade intestinal;

. Predizer a taxa de absorgao por via oral e os riscos de toxidade baseada
na similaridade quimica de compostos que apresentem toxidade conhecida;

. Predizer os possiveis metabdlitos secundarios das moléculas com melhor
perfil;

. Estimar a toxidade dos metabdlitos de maior abundancia;

. Selecionar as moléculas mais promissoras;

. Realizar o docking molecular e discutir as interagdes existentes entre as

3 moléculas propostas mais promissoras frente a atividade inibitoria para a
transcriptase reversa do HIV-1;

. Discutir caracteristicas estruturais preditas desses compostos para tentar
identificar padrées que melhor contribuam para a expressao da atividade anti-
HIV.



4. METODOLOGIA

Neste trabalho foi realizado inicialmente uma triagem virtual hibrida que
consiste em uma abordagem baseada no ligante juntamente com uma
abordagem proteica de forma combinada. Assim foi possivel obter as moléculas
com melhores perfis farmacologicos in silico, analisando assim a
biodisponibilidade, a absorgédo, os riscos de toxidade, a interagdo ligante-

receptor a estabilidade no sitio ativo e a predicéo de atividade biologica.

A Figura 13 mostra um esquema completo da combinagdo de varias
técnicas in silico para a proposicao de novas moléculas com base em um estudo
de farmacéforo tedrico de um banco de dados criado por moléculas
disponibilizadas em um banco de dados de estruturas quimicas ou em artigos

cientificos. Este esquema foi norteador para o desenvolvimento desta pesquisa.

Derivados
|

)
Modelo de predicio de |

atividade

Inativas Afivas

Absorgio Intestinal e

Permeabilidade intestinal
|
I: HABS & LIP -—
Toxidade -
r Docking Molecular -—
- Metabolismo

Figura 13. Esquema geral norteador para proposi¢cao de analogos promissores
neste estudo.



4.1 Farmacos usados como controle

08 moléculas (Tabela 1) foram usadas como controles, estas moléculas
correspondem a estruturas quimicas de farmacos que sdo comumente usadas

no tratamento anti-HIV.

Tabela 1. Controles usados na pesquisa.

ID Inibicao Nome Sigla %ABS MUT CAR ESR IRR TOX

CO01 TR Tenofovir TDF 58.56 Nao Nao Nao Nao Nao
C02 TR Etravirina ETR 67.38 Nao Nao Nao Nao Nao
C03 TR Lamivudina 3TC 69.86 Nao Nao Sim Nao Sim
Cco4 TR Zidovudina AZT 72.83 Sim Sim Sim Nao Sim
CO05 TR Abacavir ABC 73.85 Nao Nao Nao Nao Nao
C06 TR Didanosina DDL 78.38 Nao Nao Nao Nao Nao
Co7 TR Nevirapina NVP 88.95 Nao Nao Nao Nao Nao
Co08 TR Efavirenz EFZ 9578 Na&o Sim Nao Nao Sim

4.2 Conjunto de dados utilizado

A principio foi construido um conjunto de dados para esta pesquisa a partir
das moléculas disponibilizadas gratuitamente no banco de dados de estruturas

quimicas ChEMBL (https://www.ebi.ac.uk/chembl) sendo usado como palavra-

chave “Human Immunodeficiency Virus 1” como alvo e “single protein” como tipo
de alvo. Foram considerados moléculas que apresentaram ICso (nM) como
resposta a acao inibitéria para protease (ID: CHEMBL243), integrase (ID:
CHEMBL3471) e transcriptase reversa (ID: CHEMBL247). Estes conjuntos de
dados foram agrupados em uma unica planilha utilizando o Microsoft Office Excel
365 apresentando 4.573 bioativos anti-HIV registrados na literatura (disponiveis
do ChEMBL).

As 4.573 estruturas 3D dos bioativos selecionadas do banco de dados

ChEMBL (https://www.ebi.ac.uk/chembl) foram obtidas a partir de seus

receptivos codigos de SMILES através do software Standardizer 18.21.0 da
ChemAxon®©, agrupadas em um arquivo SDF contendo os dados e coordenadas

espaciais de cada estrutura.


https://www.ebi.ac.uk/chembl
https://www.ebi.ac.uk/chembl

Para poder usa-las, as planilhas de um banco de dados de estruturas
precisam de um conjunto de tratamentos de dados, este conjunto de
procedimentos garantem que em cada linha da planilha esteja preenchida com
informagdes de uma molécula exclusiva com relagcdo as moléculas totais da
planilha, este procedimento inicial é conhecido como remogao das duplicadas, e
pode ser feito através de varios softwares como Microsoft Office Excel, HIT
QSAR e outros. Junto com ele outro procedimento também é necessario, a
padronizagao das unidades quimicas envolvidas, principalmente de um conjunto
de dados referente a mesma propriedade quimica, assim, o uso de conversdes

de unidades muitas vezes é empregado em planilhas baixadas online.

Em uma planilha com dados para serem usados em quimioinformatica a
remocao das duplicadas e a padronizacdo das unidades sdo imprescindiveis
para o sucesso das analises in silico, ou seja, a qualidade dos dados de saida

para cada analise computacional depende da qualidade dos dados de entrada.

As estruturas quimicas s&o a base para qualquer procedimento
quimioinformatico, a partir dessas estruturas é possivel o calculo de descritores
moleculares com base no objetivo de cada estudo, além da padronizagédo das
unidades quimicas, a padronizagao das estruturas quimicas podem fazer com
que um cientista de dados ganhe bastante tempo de analises que possivelmente
dariam erradas ou gerariam dados sem qualidades, essa padronizagao consiste
na adicado de hidrogénios que faltam na estrutura, a remogao de misturas ou sais,
conversao para estrutura em 3D, aromaticidade e muitos outros procedimentos.
Nesta pesquisa, os ajustes nas estruturas quando necessarios foram feitos com

o auxilio do software Standardizer.

4.3 Descritores Moleculares

Os Descritores moleculares correspondem as caracteristicas estruturais
de cada molécula, e podem ser divididos em 5 tipos: descritores hibridos,
descritores constitucionais, descritores topoldgicos, descritores eletrénicos e
descritores geométricos. Cada tipo com seus descritores moleculares, e cada

um com seu significado particular.

Os descritores sao calculados a partir da importagao do arquivo de

entrada, que geralmente é um arquivo SDF contendo todas as estruturas



quimicas a serem analisadas, entao o calculo dos descritores € iniciado. Existem
muitos programas para geragao de descritores moleculares, dos mais simples
aos mais complexos, como exemplo o aplicativo gratuito em Java CDK

Descriptor Calculator 4.8 (http://www.rquha.net/code/java/cdkdesc.html) e o

software nao livre Volsurf+.

Como os descritores sdo imprescindiveis para a construgdo de um modelo
de predigcao e que cada software pode calcular alguns descritores diferentes uns
dos outros, foram realizados dois modelos preditivos, um com base nos
descritores calculados pelo CDK e outro com os descritores calculados pelo
Volsurf, assim é possivel obter uma predicao por consenso, ao cruzar mais de

uma predigcao a confiabilidade aumenta e da maior robustez a metodologia.

4.4 Modelo de predicao de atividade bioldgica

A predigéo da atividade bioldgica foi feita através de um modelo usando o
software estatistico KNIME Analytics Platforms 3.6 com ele é possivel elaborar
um mapa auto organizavel integrando diversos nos de dados, que juntos formam
0 modelo de predicdo, o fluxo de trabalho usados nesta pesquisa pode ser
encontrado disponivel online (https://doi.org/10.6084/m9.figshare.7588595).

Este modelo consiste na aplicabilidade de inteligéncia artificial,
aprendizado de maquina, no qual o modelo ensina a maquina a classificar cada
estrutura cuja atividade deseja-se predizer, com base em suas caracteristicas
estruturais. Esta comparacédo na busca de similaridades é feita com base nas
moléculas classificadas como ativas no momento da construgao do modelo. Uma
vez a maquina sabendo as caracteristicas das moléculas ativas e inativas, por
comparagao, ela pode classificar moléculas cuja predigdo de uma determinada

atividade bioldgica ndo tenha sido relatada na literatura.

Nesta pesquisa foi usado como algoritmo de classificagéo integrado com
o aprendizado de maquina o Random Forest (FASHOTO, S. G. et al., 2018,
TANEJA, 2018), que consiste em um conjunto de arvores de decisdes que
analisam moléculas randomicamente, com ele & possivel classificar cada
molécula através de uma analise de consenso entre as diversas arvores de
decisdo. Para isso, o banco contendo os bioativos usados para construir o
modelo foi particionado em treino (80%) e teste (20%) (FORTI, 2018, VAZ, 2017),


http://www.rguha.net/code/java/cdkdesc.html
https://doi.org/10.6084/m9.figshare.7588595

no qual a classificacdo final € dada pela maioria de ocorréncia de uma

classificacdo em cada molécula.

Apos particionar o banco de dados (neste caso retirados do ChEMBL), a
maquina comega a aprender a classificar cada estrutura através da similaridade
com as estruturas inicialmente admitidas como ativas quanto mais similar com
moléculas ativas e dentro do dominio de aplicabilidade, maior a probabilidade da

estrutura que esta tendo a atividade ou propriedade predita ser também ativa.

A similaridade é analisada com base nos descritores moleculares onde os
descritores das moléculas do modelo sdo comparados com os das moléculas
cuja atividade € desconhecida. Dividindo-se a tabela das moléculas usadas na
construgcao do modelo, com base no seguinte critério: divide-se o conjunto das
moléculas usadas para a constru¢do do modelo ao meio, as moléculas com plCso
(-log(ICs0)) mais altos séo atribuidas a atividade “A” (ativas) e as demais como
“I” (inativas), assim a maquina € capaz de classificar qualquer outra estrutura

que esteja dentro do dominio de aplicabilidade do modelo.

Estatisticamente para a predicdo ser aceitavel a molécula cuja predi¢ao
esta sendo feita deve estar inserida no dominio de aplicabilidade. Esse dominio
garante que as caracteristicas das moléculas testadas sado conhecidas pelo
modelo criado. Como o modelo toma como base na comparagao por
similaridade, o dominio de aplicabilidade garante que a molécula cuja predi¢cao
esta sendo feita apresenta caracteristicas estruturais representadas no espaco
quimico das moléculas usadas na constru¢ao do modelo, quando as moléculas
testadas e as moléculas do modelo estdo no mesmo espago quimico, aumenta-
se a confiabilidade da predi¢cdo, quanto maior a porcentagem da aplicabilidade

mais confiavel é a predi¢cao para a molécula analisada.

Para a predicao da atividade foi utilizado o Weka Predictor 3.7 para
realizar a classificacdo das moléculas cuja atividade anti-HIV ndo é conhecida.
Agregando-se o aprendizado de maquina do RF e a classificagcdo da WPRED, o
mapa auto organizavel criado na workflows do KNIME vem ganhando as
atencbes de muitos pesquisadores na area de quimioinformatica pela sua

eficiéncia na predicao e facilidade de configuragao.



Atabela de confusao informa os valores de verdadeiro positivo, verdadeiro
negativo, falso positivo e falso negativo conforme a Figura 14. Para avaliar a
confiabilidade do modelo serdo considerados, com base na tabela de confusao
gerada pelo modelo, a acuracia acima de 75% e o coeficiente de correlagao de
Matthews acima de 60%, estes sdo parametros estatisticos que garantem a
qualidade das predigdes realizadas. Outros parametros também serdo
analisados na discussao dos dados e da eficiéncia preditiva do modelo, que séo:

as curvas ROC do teste e da validagdo interna e o dominio de aplicabilidade.

Verdadeiro Falso
Positivo VP FP
Negativo VN FN

Figura 14. Esquema da tabela confusdo de um modelo de predig¢ao.

Além da atividade biolégica tomando como base o ICso de moléculas com
atividade anti-HIV conhecidas, ainda foram criados modelos para a predi¢cao da
solubilidade e absorgao intestinal com planilhas fornecidas pelo admetSAR @

LMMD (http://Immd.ecust.edu.cn/admetsari/download) gentilmente fornecidas

pelo pesquisador Dr. Feixiong Cheng, nas trés predigdes realizadas nesta
pesquisa foi usado o mesmo fluxo de trabalho, variando apenas as tabelas para

a construcao dos modelos.

4.5 ViolacOes aregra de Lipinski e %ABS

Para estimar as violagdes a regra de Lipinski foi usado o programa gratuito

DruLiTo (http://www.niper.gov.in/pi_dev_tools/DruLiToWeb/DrulLiTo index.html),

no qual as moléculas sdo importadas e dados como massa, LopP, aceptores e
doadores de ligagées de hidrogénio, TPSA, numero total de atomos e outras

caracteristicas estruturais podem também ser calculadas simultaneamente.

A grande maioria dos farmacos retrovirais usados no tratamento anti-HIV
apresentam-se na forma de comprimidos ou capsulas, sendo administrados
facilmente por via oral a pacientes contaminados, sendo assim, € possivel
calcular a taxa de absorcdo de bioativos baseados em sua area de superficie

topoldgica total através da equacéo:


http://lmmd.ecust.edu.cn/admetsar1/download
http://www.niper.gov.in/pi_dev_tools/DruLiToWeb/DruLiTo_index.html

%ABS=109-(TPSAx0.345) (AHSAN et al., 2016; GONZALEZ et al., 2018;
TUNCBILEK et al., 2018)

Ao utilizar a taxa de absor¢do como parametro de exclusao na triagem
virtual, apenas sdo consideradas as moléculas que apresentam %ABS igual ou

superior a menor taxa dentre os farmacos usados como controle.

4.6 Predicdo dos riscos de toxidade

As moléculas foram importadas para o software gratuito OSIRIS

DataWarrior 5.0 (http://www.openmolecules.org/datawarrior), neste programa os

riscos de toxidade foram preditos pela comparacédo entre um banco de dados
interno, no qual o programa busca fragmentos conhecidos nas moléculas
analisadas, esses fragmentos quando encontrados geram um alerta de toxidade
em quatro parametros: mutagenicidade, carcinogenicidade, efeito no sistema
reprodutor e irritabilidade na pele. A toxidade total é atribuida o valor “N&o”
quando uma molécula nado apresenta alertas para nenhum dos quatro

parametros analisado pelo OSIRIS.

Analisando os riscos de toxidade como parametro de selegcao de
moléculas, o critério adotado foi ndo apresentar nenhum risco de toxidade em
nenhum dos parémetros ja mencionados, assim, diminui-se a probabilidade de

a molécula apresentar efeito toxico.

4.7 Ancoragem ligante-receptor — Docking Molecular

Para a ancoragem das moléculas foi usado, nesta pesquisa, o software
nao livre Molegro Virtual Docker 6.0 no qual as moléculas s&o importadas

juntamente com a proteina baixada no site Protein Data Bank (www.rcsb.org)

(BERMAN et al., 2000), os templates foram criados baseados nos inibidores

complexados juntos as proteinas estudadas.

Na interpretacéo dos resultados do docking além das energias € possivel
analisar os tipos de interagcbes, que no Molegro sdo trés: hidrogénio (linhas
tracejadas azuis), eletrostaticas (linhas tracejadas verdes) e estéricas (linhas
tracejadas vermelhas). Ainda mais, & possivel ver os residuos de aminoacidos

envolvidos em cada interag&o entre os ligantes e os respectivos receptores, com


http://www.openmolecules.org/datawarrior
http://www.rcsb.org/

isso, tenta-se identificar possiveis residuos comuns entre os analogos e os
controles e/ou inibidores complexados juntos a cada proteina na busca de

relacionar a importancia dessas interagdes para a atividade bioldgica.

4.8 Estudos in silico de metabolismo

Para realizar um estudo metabdlico através de métodos computacionais,
nesta pesquisa, foi utilizado o software nao livre METASITE 6.0 da Molecular
Discovery, este prediz as possiveis transformacdes sofridas por um conjunto de
moléculas em um ou mais citocromos em alguns regides especificas do corpo
como pele, cérebro, figado e outros. Cada citocromo, que é de constituicdo
proteica, & responsavel em transformar, através de reagdes quimicas, as
substancias ingeridas, para promover sua eliminagao através da polarizagao da
estrutura.

Uma vez estimados pelo software as estruturas quimicas 3D dos
metabdlitos secundarios provenientes do metabolismo no figado, cérebro e/ou
pele, nesta pesquisa foram consideradas apenas as transformacgdes no figado,
e os metabdlitos secundarios gerados foram submetidos a um modelo de
predicdo de atividade bioldgica e seus riscos de toxidade, comparados com as
suas respectivas abundancias metabdlicas.

Cada metabdlito secundario teve seus riscos de toxidade preditos, através
do OSIRIS, pois os bioativos que apresentavam parametros citotdxicos como
alta mutagenicidade e/ou alta carcinogenicidade em seus metabdlitos com
abundancia acima de 75% era desconsiderado para a selegdo dos analogos de
melhor perfil. Compreende-se para esta pesquisa que um candidato a farmaco
deve apresentar baixa ou nula toxidade como também seus metabdlitos mais

abundantes.



5. RESULTADOS E DISCUSSAO

5.1 Modelos de predigao anti-HIV, HIA e CACO-2

Inicialmente 180 tiofenos foram submetidos a 4 modelo de predi¢ao de
atividade anti-HIV, um modelo utilizando os descritores moleculares do Dragon
5, do CDK, do RDKIT e do Volsurf frente a enzima transcriptase reversa, pois
trata-se de uma enzima especifica dos retrovirus, assim serao apresentados os

dados separadamente e depois 0 consenso entre os quatro modelos.

Com relagdao ao modelo utilizando-se os descritores Dragon, quatro
moléculas apresentaram possivel atividade com probabilidades ALX026 com
50,46%, ALX038 com 51,12%, ALX118 com 52.81% e ALX175 com 51,92% com

dominio de similaridade confiavel:
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Figura 15. Estruturas quimicas 2D dos compostos aprovados pelo modelo anti-
HIV usando descritores Dragon.

De acordo com o resultado da predicado do modelo utilizando descritores
do Dragon, € possivel perceber que as cinco moléculas aprovadas possuiram o
anel tiofeno conjugado a um anel de cinco membros, com substituicdo do
hidrogénio da amina ciclica por grupos benzoicos (ALX026 e ALX038), outra
caracteristica molecular observada nessas estruturas € a presenga de grupos
aromaticos policiclicos (inddlicos), como podem ser observados na estrutura
ALX038.



Tabela 2. Dados estatisticos do modelo de predigéo anti-HIV usando Dragon.

Teste Validacao interna

Precisao 0.82 0.76
Sensibilidade  0.80 0.80
Especificidade 0.82 0.77
MCC 0.63 0.58
Acuracia 0.81 0.78

Curva ROC 87.61% 84.87%

Analisando a confiabilidade do modelo com base na sua estatistica,
apresentada na Tabela 2, é possivel perceber que o modelo apresentou 80% de
sensibilidade, que corresponde a capacidade de classificar como ativo a
molécula que realmente pode ser ativa (verdadeiro positivo). Além da
sensibilidade podemos apontar a acuracia do modelo que vai de 78% a 81%
significando um bom acerto total nas predi¢gdes, assim como também o
coeficiente de correlacao de Matthews (MCC) que diz respeito a avaliagao global
do modelo variando de 0.58 a 0.63.

Uma vez demostrada através da estatistica do modelo a confiabilidade e
a boa capacidade preditiva do modelo de predicao de atividade bioldgica frente
a enzima transcriptase reversa do HIV-1 utilizando os descritores Dragon, sera
apresentado os dados de predicdo para a mesma proteina, porém utilizando
descritores CDK ¢é possivel perceber que apenas a molécula ALX175 foi

aprovada com 50.66% de provavel atividade anti-HIV.

Tabela 3. Dados estatisticos do modelo de predi¢ao anti-HIV usando CDK.

Teste  Validagao interna

ALX175 Preciséo 0.81 0.76

Vs ) Sensibilidade 0.81 0.81

N Especificidade 0.81 0.77
o : —O MCC 0.62 0.58
o ™ Acuracia 0.81 0.79

Curva ROC 87.91% 85.41%




Corroborando com a discussdo do modelo anterior, 0 modelo utilizando
descritores CDK também apresenta boa sensibilidade (81%) e especificidade
(0.77% a 81%), assim como bons resultados de MCC como é visto para o grupo

de teste 0.62 e para a validagao interna cruzada 0.58.

A molécula ALX175 possui um substituinte 3,4,5-trimetroxibenzilico
formando dupla ligagao com a amina alifatica do anel tiofeno, que por sua vez
estd conjugado a um anel hexaciclico ndo aromatico, esses grupos
trimetoxilados ja sdo conhecidos na literatura pela sua atividade bioldgica,

principalmente antitumoral, antimicrobiana e antiviral.

Para a transcriptase reversa foi feito um modelo de predi¢cado da atividade
retroviral para o HIV-1 utilizando descritores do pacote RDKIT no KNIME
conforme descrito na metodologia, de acordo com a predicdo 32 moléculas
apresentaram probabilidade de atividade, a figura abaixo mostra as estruturas
quimica 2D desses compostos, bem como as respectivas probabilidades de

possivel atividade:
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Figura 16. Estruturas quimicas 2D dos compostos aprovados pelo modelo anti-
HIV usando descritores CDK.

De acordo com a figura anterior, a molécula com a menor probabilidade
de possivel atividade foi a ALX113 com 50,12%, esta estrutura apresenta o anel

tiofeno condensado a ciclohexano, com uma nitrila, sua amina alifatica forma



dupla ligagdo com o p-metoxi-benzila, um substituinte que sofre efeito indutivo
com contribuicdo de ressonancia que vai do substituinte dessa amina até o
nucleo tiofeno. Em contra partida, a molécula com maior probabilidade foi
ALX075 com estrutura bem semelhante a de menor probabilidade, contudo esta
molécula ndo apresenta a nitrila, mas sim a C-C formamida, conferindo melhor
deslocamento eletrénico e consequentemente melhor estabilizagdo do efeito

indutivo criado pelo substituinte da amina.

Apos as discussdes acerca dos resultados do modelo utilizando
descritores RDKIT, é conveniente discutir os dados estatisticos que
comprovaram a confiabilidade das predicbes apresentadas, conforme mostrado

na tabela abaixo:

Tabela 4. Dados estatisticos do modelo de predi¢cao anti-HIV usando RDKIT.

Teste  Validagao interna

Precisao 0.78 0.72
Sensibilidade 0.79 0.79
Especificidade 0.78 0.72
MCC 0.57 0.51
Acuracia 0.78 0.75

E possivel considerar o modelo criado na predicédo anterior devido os
dados apresentados na tabela acima, o modelo apresenta boa capacidade
preditiva com relagdo aos verdadeiros ativos (sensibilidade, 79%) e para os
verdadeiros negativos (especificidade, 72-78%), assim como o acerto total
(acuracia, 75-78%) e MCC 0.57 para o grupo de teste e 0.51 para a validagao
interna cruzada, outro dado importante corresponde a curva ROC do modelo,

conforme mostrado na Figura abaixo:



ROC Curve ROC Curve
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Teste: 86,1% Validacao cruzada: 83,1%

Figura 17. Curva ROC do modelo anti-HIV RDKIT.

Na Figura 17, mostra que a predigdo esta acima da regido dos dados
aleatdrios, segundo o grafico ROC apresentado, o modelo apresentou boa
performance preditiva com, sendo os resultados apresentados neste estudo

confiaveis.

Por fim, o quarto modelo gerado foi utilizando os descritores Volsurf que
apresentou 87 compostos com probabilidade de atividade que variou de 50,02-
79,03%, dois quais 32 ja foram apresentados na figura anterior: ALX008,
ALXO011, ALX012, ALX014, ALX015, ALX016, ALX064, ALX066, ALX067,
ALX071, ALXO072, ALX073, ALX074, ALX075, ALX078, ALX081, ALX082,
ALX084, ALX085, ALX113, ALX118, ALX122, ALX132, ALX135, ALX136,
ALX138, ALX139, ALX140, ALX142, ALX176, ALX178, ALX179. Assim seguem
descriminados os derivados 2-aminotiofenos que apresentaram probabilidade de
possivel atividade retroviral para HIV-1 os 55 compostos restantes:

Tabela 5. Estruturas quimicas 2D dos compostos aprovados pelo modelo anti-
HIV usando descritores Volsurf.
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O composto ALX070 apresentou a menor probabilidade 50,02%, esta
estrutura apresentou o atomo de fluor, bastante eletronegativo, ligado ao grupo
benzila que substitui a amina alifatica do anel tiofeno, por ser um grupo bastante
eletroretirador, a ressonancia existente ao longo da estrutura que vai dessa
substituicdo até a amida da posicao 3 do tiofeno condensado com ciclohexano é
prejudicada, tendo em vista que a densidade eletrbnica da nuvem que deveria
ser distribuida ao longo da estrutura, passa a ser atraida e deslocada para o
atomo eletronegativo, o flior € um elemento quimico pequeno, cujo nucleo

exerce uma atracao forte pelos elétrons, desestabilizando a estrutura.

Analisando a estrutura do composto ALX038, que apresentou maior
probabilidade de possivel atividade (79,03%), € possivel perceber que a
estabilidade da ressonancia € importante, a estrutura apresenta um grupo indeno
ligado a amina alifatica do tiofeno, é possivel notar que nesse grupo apresenta
um atomo de bromo, que apesar de também ser eletronegativo € um atomo

pesado com pouco efeito desestabilizante.

Outra caracteristica importante no composto ALX038 é que o anel tiofeno
esta conjugado com uma pentamina terciaria fazendo ligagdo com o grupo
benzila, ou seja, além do contribuinte de ressonancia da amina alifatica, este
composto também apresenta efeito ressonante nessa parte ciclica da molécula,

assim, estabilizando ainda mais a densidade eletronica.

Tabela 6. Dados estatisticos do modelo de predi¢ao anti-HIV usando Volsurf.

Teste Validacio interna




Precisao 0.81

Sensibilidade 0.80
Especificidade 0.82
MCC 0.62
Acuracia 0.81

0.74
0.78
0.75
0.53
0.76

Com relacédo aos dados estatisticos do modelo utilizando os descritores
Volsurf, é possivel verificar com base no que foi discutido anteriormente nesta
pesquisa, que o modelo apresentou boa capacidade preditiva, tendo em vista os
dados da Tabela 6 que mostra que esse modelo apresentou sensibilidade 78-
80%, especificidade 75-82%, acerto total de 76-81% e acerto global de até 63%

em toda a predigao.

Quanto a performance desse modelo, pode ser avaliado através da sua
curva ROC, que no caso do modelo usando os descritores moleculares obtidos
no Volsurf, conforme mostra a figura abaixo, para o grupo de teste foi de 86,91%
e para a validacgéo interna cruzada foi 83,19%, assim as predi¢des ficaram longe

da regiao de valores aleatorios, conferindo ao modelo uma boa performance

preditiva.

ROC Curve ROC Curve

Teste — 86,91% Validacao cruzada — 83,19%

Figura 18. Curva ROC do modelo anti-HIV Volsurf.

Apos analisar os modelos para cada descritor molecular, foi realizada uma
analise em consenso entre os modelos, que leva em consideracdo a

probabilidade de cada molécula nos 4 modelos realizados. Apresentando 7



moléculas com probabilidades que variam de 50,32-55,81%, sdo as moléculas
ALX011, ALX024, ALX025, ALX026, ALX038, ALX118, ALX138. As moléculas
aprovadas pelo modelo de consenso estdo descriminadas abaixo:

Tabela 7. Estruturas quimicas 2D dos compostos aprovados pelo consenso entre
os modelos anti-HIV.

ID Molécula %Atividade

W\
ALX024 >\:/< y. a1 51.00

W\
ALX026 :/< y. a2 53.40



ALX118 o /) 51.64

A molécula ALX011 apresenta o 3-etoxi-4-hidroxibenzil fazendo ligagao
dupla com a amina alifatica do anel tiofeno, cujo tiofeno esta conjugado a um
ciclohexano. Analisando essa estrutura percebe-se que o efeito ressonante
esperado conforme discussdes anteriores foi prejudicado pela nitrila ligada ao
anel tiofeno. Contudo, mais uma vez o composto ALX038 apresentou
probabilidade de provavel atividade inibitéria da enzima transcriptase reversa do
HIV-1.

Assim as 8 moléculas aprovadas pela analise de consenso foram
submetidas ao modelo de permeabilidade intestinal (CACO-2) e absorgao

intestinal (HIA), conforme é possivel ver através da tabela a seguir:



Tabela 8. Resultados da predigao de HIA e CACO-2.

HIA CACO-2
ID Dominio Atividade %Atividade Dominio Atividade %Atividade
ALX011 HIA+ 57,00 CACO+ 56,50
ALX024 HIA+ 61,50 CACO+ 57,00
ALX025 HIA+ 58,00 CACO+ 55,00
ALX026 Confiavel HIA+ 63,50 Confiavel CACO+ 60,00
ALX038 HIA+ 63,50 CACO+ 62,00
ALX118 HIA+ 57,50 CACO+ 50,00
ALX138 HIA- 49,50 CACO+ 55,50

De acordo com os modelos realizados apresentados na tabela acima,
apenas a molécula ALX138 nao apresentou absorc¢édo intestinal, contudo todas
as moléculas permeiam o intestino, tornando-as promissores bioativos se
levarmos em consideracao toda a discussao apresentada nesta pesquisa até

entio.

Como se tratam de modelos de predi¢cao realizados no KNIME, cabe
avaliar os parametros estatisticos desses modelos, de acordo com os dados
apresentados na tabela seguinte, assim como os demais modelos, estes

apresentaram boa capacidade preditiva das propriedades de interesse.

Tabela 9. Dados estatisticos do modelo de predi¢gao de HIA e CACO-2.

HIA CACO-2
Teste Validagao interna Teste Validagao interna
Precisao 0.75 0.66 0.75 0.66
Sensibilidade 0.79 0.78 0.79 0.78
Especificidade 0.71 0.62 0.72 0.61
MCC 0.50 0.51 0.51 0.59
Acuracia 0.75 0.70 0.75 0.69
Curva ROC 83.19 77.57 83.56 77.56

Em ambos os modelos, assim como as predi¢bes anti-HIV, os dados
estatisticos foram muitos bons, comprovando a performance superior a 83% da
capacidade preditiva, com acerto dos positivos de 79% e negativo 72%, assim

como 50-59% do acerto total.



5.2 Absorcao oral, regra de Lipinski e riscos de toxidade

Um farmaco que €& administrado por via oral precisa permear e ser
absorvido pelo intestino para que chegue ao figado, assim, uma fragdo desse
farmaco nao biotransformado chega na corrente sanguinea, desprezando a
principio o conceito de latenciagdo de farmacos. Apds chegar a corrente
sanguinea, esse farmaco podera entdo desenvolver o efeito terapéutico. Assim,
para uma triagem virtual € muito importante o calculo da taxa de absorgéo por
via oral, porém, nesta pesquisa sera calculado também essa taxa para os
farmacos comerciais inibidores de transcriptase reversa para servir como
parametro de comparacéao, conforme mostrado a seguir:

Tabela 10. TPSA, %ABS e LIP dos inibidores de transcriptase reversa usados
como controles.

Controle TPSA  %ABS LIP
Abacavir 101.88 73.85 0
Didanosina 88.74 78.38 0
Efavirenz 38.33 95.78 0
Etravirina 120.64 67.38 0
Lamivudina 113.45 69.86 0
Nevirapina 58.12 8895 O
Tenofovir 146.19 58.56 0
Zidovudina 104.83 72.83 0

Dentre os farmacos usados como controle, o tenofovir apresentou a
menor taxa de absor¢ao por via oral (58,56%), assim, esta taxa foi usada como
parametro de exclusdo nesta pesquisa, assim, os derivados 2-amino-tiofenos
que apresentaram taxas inferiores ndo serdo considerados para a proxima
etapa. Assim o %ABS foi calculado para os 8 derivados aprovados pelo modelo
de predigao anti-HIV por consenso, assim como as violagdes a regra de Lipinski,
conforme mostrado na tabela a seguir:

Tabela 11. Resultados de LIP, TPSA e %ABS para os derivados 2-
aminotiofenos aprovados pelo consenso.

ID LIP TPSA  %ABS

ALX011 0 65.61 86.36
ALX024 0 39.39 95.41
ALX025 0 39.39 95.41
ALX026 0 39.39 95.41



ALX038 0 55.18 89.96
ALX118 0 65.61 86.36
ALX138 0 65.61 86.36

Observando os resultados dispostos na Tabela 11 € possivel perceber que
todos os 8 derivados 2-amino-tiofeno ndo violaram nenhuma das regras de
Lipinski e nem taxa de absorgao abaixo do controle definido nesta pesquisa,
assim, todos os compostos serdo considerados para a analise dos riscos de

toxidade.

Tabela 12. Resultados da predi¢ao dos riscos de toxidade.

ID MUT CAR ESR IRR  Toxidade
ALX011 Nenhum Nenhum Nenhum Nenhum Nao
ALX024 Nenhum Nenhum Nenhum Nenhum Nao
ALX025 Nenhum Nenhum Nenhum Nenhum Nao
ALX026 Nenhum Nenhum Nenhum Nenhum Nao
ALX038 Nenhum Nenhum Nenhum Nenhum Nao
ALX118 Nenhum Nenhum Nenhum Nenhum Nao
ALX138 Nenhum Nenhum Nenhum Nenhum Nao

MUT: Mutagenicidade

CAR: Carcinogenicidade

ESR: Efeito toxico no sistema reprodutor
IRR: Irritante

Conforme a metodologia desta pesquisa, foi analisado 4 parametros
diferentes e a toxidade foi definida de acordo com os riscos que foram
evidenciados, para os 8 compostos derivados estudados, ndo ouve nenhum
risco de toxidade em nenhum dos pardmetros analisados, reforcando a
expectativa da candidatura destas estruturas a bioativos promissores. Assim

todas as moléculas seguiram para a etapa.

5.3 Docking molecular

Foram utilizados 5 diferentes arquivos de transcriptase reversa com os
dados cristalograficos das respectivas estruturas quimicas, para a ancoragem
molecular com os 8 derivados do 2-aminotiofeno que foram aprovados até esta
etapa desta pesquisa, os dados da energia de acoplamento ligante-receptor

podem ser observados na Tabela abaixo:



Tabela 13. Resultados de energia de acoplamento obtidas no docking molecular.

1DTQ (RMSD 0.23A) 1EP4 (RMSD 0.27A)

D [kcal/mol] [kcal/mol]

Abacavir -93.41 -118.53
Didanosina -102.41 -93.71
Efavirenz -130.65 -86.67
Etravirina -13.27 -126.06
Lamivudina -81.77 -69.10
Nevirapina -93.55 -89.64
Tenofovir -91.21 -100.52
Zidovudina -112.44 -94.59
Inibidor -157.10 -198.84
ALX011 -75.99 -133.47
ALX024 -113.60 -126.86
ALX025 -117.12 -125.80
ALX026 -97.14 -132.05
ALX038 -84.66 -114.41
ALX118 -91.42 -109.80
ALX138 -119.21 -137.61

5.3.1 Transcriptase reversa PDB ID 1DTQ

A primeira ancoragem molecular foi realizada utilizando a proteina
cristalografica da transcriptase reversa (TR) do HIV-1 complexada com
feniletiltiazoliltioureia (PETT-1), este composto corresponde a uma série de
inibidores de TR de alta eficiéncia, de acordo com a Tabela anterior e com a
proxima figura que mostra a representacdo grafica das energias para essa
proteina PDB ID 1DTQ:
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Figura 19. Grafico representando graficamente os valores de energia no docking
molecular para o PDB ID 1DTQ.
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De acordo com o grafico representado na Figura 19, os compostos
ALX024 (-113.60 Kcal/mol), ALX025 (-117.12 Kcal/mol) e ALX138 (-119.21
Kcal/mol) apresentaram melhores energias de interagdo que os farmacos
zidovudina (-112.44 Kcal/mol), didanosina (-102.41 Kcal/mol), nevirapina (-93.55
Kcal/mol), abacavir (-93.41 Kcal/mol), tenofovir (-91.21 Kcal/mol), lamivudina (-
81.77 Kcal/mol) e etravirina (-13.27 Kcal/mol). Contudo o inibidor complexado
junto a proteina no arquivo PDB apresentou energia de acoplamento de -157.10
Kcal/mol, seguido do farmaco efavirez -130.65 kcal/mol, mais baixos que

qualquer um dos derivados 2-aminotiofenos estudados nesta etapa.

Efavirez

ALX138 ALX025



/I

ALX024
Figura 20. Estruturas 2D do PETT-1, Efavirez, ALX024, ALX025 e ALX138.

Analisando a estrutura quimicas dos 3 melhores derivados, na Figura 20,
no inibidor complexado e do efavirez, &€ possivel perceber que todos as
estruturas apresentam anéis aromaticos funcionalizados, o PETT-1 é uma
estrutura radicalar com 2 anéis piridinicos com varias aminas substituidas,
inclusive grupo amoniaco e mercaptol estdo presentes em sua estrutura,
explicando a reatividade deste composto. Todas as estruturas apresentam
nitrogénio com um dos seus heteroatomos, e a grande maioria apresentam
contribuintes de ressonancia, corroborando a discussao apresentada no inicio
dos resultados desta pesquisa. Para compreender vamos analisar
detalhadamente cada interagao realizada por esses compostos, comegando pelo
inibidor, as interacdes mais fortes sdo as de hidrogénio, o inibidor que vem junto

a proteina cristalografica apresentou trés destas intera¢des, duas com o residuo

de aminoacido Lys101(A) e uma com Pro236(A) conforme mostrado na Figura
21.
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Figura 21. Docking molecular do inibidor da proteina PDB ID 1DTQ.



Contudo também apresentou interacbes estéricas com os residuos
1Lys103, 1Lys101, 1His235, 2Tyr188, 1Leu234 e 2GIlu138, a maior parte dessas
interagcdes deram-se nos anéis piridinicos, contudo as ligagdes de hidrogénio
identificadas apresentaram-se nas aminas alifaticas da estrutura. Com relagao

ao efavirez, na figura mostra as interagdes encontradas:

Tyr 1814))

Lys 103(A) Pro 236

Figura 22. Docking molecular do efavirez (PDB ID 1DTQ).

Semelhante ao inibidor, o efavirez apresentou duas interagdes de
hidrogénio com o Lys101, e interagdes estéricas com os residuos 1Tyr181 com
o anel de trés membros, 1Gly190 com um atomo de fluor, 1Val179 também com
um atomo de fluor e 2Lys101 nos dois oxigénios presentes no ciclohexano
funcionalizado conjugado ao anel aromatico. Semelhante ao mostrado na Figura
23 0 ALX138, que dentre os derivados estudados foi o que apresentou melhor

resultado de acoplamento com a proteina PDB ID 1DTQ.
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Figura 23. Docking molecular do ALX138 (PDB ID 1DTQ).

Na figura anterior, mostra que a estrutura apresentou interagdo de
hidrogénio com o residuo Lys101 através do nitrogénio do grupo nitro da posi¢cao
meta do anel aromatico do substituinte do anel tiofeno. Com relacdo a outras
interacoes, a estrutura apresentou estéricas com os residuos 1Val179, 6Lys101,
1Gly138, 1His235, 1Pro236, 1Lys234 e 1Tyr318. Nesta estrutura o atomo de
enxofre estabeleceu interagao estérica com o Lys101, assim como também com

a amina alifatica.
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Figura 24. Docking molecular do ALX025 (PDB ID 1DTQ).

Para o composto ALX025 diferentemente das demais estruturas
discutidas anteriormente, a interacdo de hidrogénio foi com o residuo de

aminoacido Glu138 com o oxigénio da hidroxila orto substituida do anel do grupo



benzil ligado a amina alifatica da estrutura. Com diversas interacdes estéticas,
pode-se iniciar apontando a com o residuo Lys101, que também esta presente
nas demais estruturas acima, interagindo com o enxofre do anel tiofeno e mais
uma vez com a amina alifatica presente na posicdo 2 do anel tiofeno, outras
interagcbes estéricas podem ser identificadas com o préprio Lys101, 1Val179,
3Lys103, 2Phe227 e 1Tyr188.
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Figura 25. Docking molecular do ALX024 (PDB ID 1DTQ).

Conforme mostrado na figura anterior, o composto ALX024 nao
estabeleceu nenhuma interacdo de hidrogénio, contudo, apresentou varias
interagbes estéricas, inclusive com residuos comuns em outras moléculas,
dentre elas pode-se apontar 3Phe227, 1Tyr188, >4Leu234, o cloro na posi¢cao
orto do anel aromatico do substituinte da amina alifatica estabeleceu interacao
com Lys103, assim como com o atomo de enxofre do anel tiofeno, 1Glu138 e
4Lys101.

Avaliando os resultados encontrados para os compostos com melhor perfil
inibidor frente a proteina transcriptase PDB ID 1DTQ, foi possivel perceber que
os compostos com melhores resultados ALX138 e ALX1025 assim como o
inibidor e o farmaco efavirez apresentaram interacao do tipo de hidrogénio com
o residuo Lys101, assim como interacdes estéricas comuns com os residuos
Lys101, Lys103 e Tyr188, levando a acreditar que essas interagdes pontuadas

sao importantes para o efeito inibitorio.



5.3.2 Transcriptase reversa PDB ID 1EP4

Desta vez foi utilizada uma estrutura cristalizada disponivel gratuitamente
sob o cédigo PDB ID 1EP4, que corresponde a transcriptase reversa cristalizada
com a molécula S-1153 (5-(3,5-DICHLOROPHENIL) THIO-4-ISOPROPIL-1-
(PIRIDIN-4-YL-METIL) -1H-IMIDAZOL-2-YL-METIL CARBAMATO), abaixo
mostra a representagcdo grafica dos valores de energia de acoplamento

mostrados na Figura 26:
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Figura 26. Grafico representando graficamente os valores de energia no docking
molecular para o PDB ID 1EP4.

Conforme a dultima proteina estudada, o composto ALX138 também
apresentou a melhor energia total de acoplamento ligante-receptor, contudo
desta vez os compostos ALX011 (-133.47 Kcal/mol), ALX024 (-126.86 Kcal/mol)
e ALX026 (-132.05 Kcal/mol) apresentaram também boas condi¢gbes de docking
molecular sobre todos os farmacos utilizados como controle. De acordo com os
resultados obtidos para essa proteina, o efavirez apresentou a segunda maior
energia, diferentemente da proteina anterior. O inibidor apresentou a mais baixa
energia corroborando a literatura que apontou esta estrutura como um dos

melhores inibidores para RT (-198.84 Kcal/mol).
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Figura 27. Estruturas 2D do PETT-1, Efavirez, ALX011 e ALX026.



O inibidor é um composto polifuncionado, com trés anéis aromaticos, dos
quais dois sado hexaciclico (um piridinico) e um pentaciclico (imidazélico),
apresenta atomo de enxofre alifatico, com um carbamato ndo substituido. De
acordo com os resultados obtidos no docking molecular foi possivel obter
informacbdes sobre a interagdo com residuos de aminoacidos importantes,

conforme mostradas na figura abaixo:

Lys 103(A)

Lys 101(A)

Figura 28. Docking molecular do inibidor (PDB ID 1EP4).

A molécula ALX138 apresentou o melhor resultado conforme visto,
contudo n&o apresentou ligagdo de hidrogénio, mas sim, 7 interagdes estéricas
importantes, o anel pentaciclico conjugado ao anel tiofeno estabeleceu duas
interacdes uma com o residuo Pro236 e outra com a Val106, o enxofre e a amina
com Phe227, o anel aromatico do substituinte da amina com o Tyr181 e Leu234,

e por ultimo a hidroxila com Trp229, conforme mostrado na figura abaixo:
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Figura 29. Docking molecular do ALX138 (PDB ID 1EP4).



Segundo os resultados obtidos, o inibidor complexado junto a proteina
nao apresentou ligagcdes estéricas, contudo apresentou trés interagdes de
hidrogénio, na regido do carbamato da estrutura, com os residuos Lys101 que
também esteve presente ao longo de toda a analise desses compostos frente a

proteina anterior, Lys103 e Pro236.
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Figura 30. Docking molecular do ALX011 (PDB ID 1EP4).

O composto ALX011 € um composto que apresenta um penta anel tiofeno
condensado com um ciclohexano, cuja amina alifatica da posigédo 2 do tiofeno
forma dupla ligagdo com o grupo 3-etoxi-4-hidroxi-benzil, este por sua vez
apresentou duas interagdes estéricas com os residuos Trp229 e Tyr181, assim
como semelhantemente ao ALX0138, neste derivado 2-aminotiofeno o enxofre e
a amina interagiu estericamente com o residuo Phe227, outra interagdes estérica
encontrada foi a que o carbono que contem a hidroxila no substituinte da amina
estabeleceu com o residuo Tyr181, estruturalmente a diferenca entre os
compostos ALX011 e ALX138 esta no anel conjugado ao anel tiofeno, assim,

observou-se interagdes e regides de interagbes semelhantes.

Mais uma vez, assim como ja mostrado na discussdo acima nesta
pesquisa, o enxofre também participa da interagao ligante-receptor, assim como

os substituintes do grupo benzil ligado a amina presente na estrutura.
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Figura 31. Docking molecular do ALX026 (PDB ID 1EP4).

O composto ALX026 foi o terceiro derivado do 2-aminotiofeno estudado a
apresentar melhor energia ligante-receptor frente a proteina estudada, apresente
o substituinte 2,4-dicloro-benzil formando ligagao dupla com a amina alifatica de
anel tiofeno pentaciclico conjugado com uma ciclopentamina substituida por um

grupo benzil ndo substituido.

E possivel perceber até entdo, analisando os dados para a proteina PDB
ID 1EP4 que os melhores resultados até entdo discutidos pertencem as
moléculas poliaromaticas, com a presenca de grupos eletroretiradores que
substituem um ou mais posicoes no grupo benzila da amina alifatica. Como visto
na proteina anterior, o efeito de ressonancia é importante, varias regides desses
anéis também estabelecem acoplamento ligante-receptor, contudo, nesta
proteina vemos moléculas com grupos eletronegativos com as melhores

energias de docking molecular.

Finalizando a discussdo do docking molecular desta proteina utilizada,
conforme mostrado na figura abaixo, o composto ALX024 (Figura 32a) e o
farmaco Etravirina (Figura 32b) apresentam interagcao estérica em comum, assim
como os compostos ja discutidos acima o Pro236. Com relagdo ao derivado 2-
aminotiofeno, além dessa interagao estérica ainda apresenta uma com o residuo
Lys102 e outra com Lys103, ja o farmaco usado como controle apresentou
interac&do de hidrogénio com Lys100, estéricas com 1Trp229, 1Tyr188, 1Leu100,
2Pro236 e 1Phe227, sendo mais uma vez observado que os heteroatomos que

substituem os anéis aromaticos os responsaveis pela maioria das interacoes.
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Figura 32. Docking molecular do a) ALX024, b) Etravirina (PDB ID 1EP4).

5.4 Simulagcdo metabdlica dos compostos

Os 8 compostos apresentaram afinidades frente as proteinas
selecionadas de transcriptase reversa, estas foram submetidas ao METASITE
para predicao de seus metabdlitos hepaticos, os 25 metabdlitos secundarios com

probabilidade de formacgao a partir de 75% estao dispostos na Tabela 14:

Tabela 14. Dados da predicdo metabdlica hepatica dos compostos aprovados.

ID Molécula %PROB TOX Estrutura
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%PROP = Probabilidade de formacéao

De acordo com os dados obtidos na predicdo metabdlica hepatica
apresentada na tabela anterior, apenas o metabdlito MET023 originario da
desidrogenagdo molécula ALX011 apresentou toxidade segundo o OSIRIS,
fazendo com que o derivado 2-aminotiofeno nédo fosse considerado mais
promissor, tendo em vista que seu metabdlito apresenta 79,22% de
probabilidade de formagcdo, segundo o esquema de reagao simplificado

mostrado abaixo:
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Figura 33. Esquema simplificado de desidrogenacéo do composto ALX011.

E possivel perceber que a metoxila do substituinte da amina perdeu um
atomo de hidrogénio, que rapidamente forma uma dupla ligagdo para estabilizar
a estrutura, com essa desidrogenagao a molécula apresentou riscos de toxidade
segundo as predi¢cdes, assim, esse tipo de reagdo nao favorece estruturas
promissoras para essa unidade farmacoférica, e por isso o composto ALX011

nao seguira para as proximas analises desta pesquisa.



Como os metabdlitos com probabilidade de formacao a partir de 75%
correspondem a um dos parametros norteadores para a proposicao de bioativos
de melhores perfis apos a triagem, os 20 metabdlitos referentes aos derivados
ALX024, ALX025, ALX026, ALX038, ALX118 e ALX138 foram submetidos a um
modelo de predicédo de atividade anti-HIV, HIA e CACO-2 conforme foi realizado
com os derivados 2-aminotiofenos ja discutidos, com isso, os resultados obtidos

estao dispostos na tabela a seguir:

Tabela 15. Predi¢ao da atividade anti-HIV por consenso.

D CDK VOLSURF CONSENSO

Dom. ATV %ATV Dom. ATV %ATV Dom. ATV %ATV
MET039 C Inativo 9 C Inativo 21 C Inativo 15
MET059 C Inativo 42.5 C Ativo 53 C Inativo 48
MET067 C  Ativo 545 C Ativo 78 C  Ativo 66
MET039 C Inativo 9 C Inativo 21 C Inativo 15
METO081 C Inativo 425 C  Ativo 555 C Inativo 49
MET089 C  Ativo 54 C Ativo 82 C Ativo 68
MET039 C Inativo 9 C Inativo 21 C Inativo 15
MET102 C Inativo 46 C  Ativo 535 C Ativo 50
MET110 C Ativo 53 C Ativo 80.5 C Ativo 67
MET034 C  Ativo 54 C Ativo 68 C Ativo 61
MET019 NC Inativo 15 NC Inativo 25 NC Inativo 20
MET122 C Inativo 37 C Inativo 47.75 C Inativo 42
MET126 C Inativo 31 C Ativo 63.5 C Inativo 47
MET117 C Inativo 36 C Inativo 35 C Inativo 36
MET123 C Inativo 35 C Inativo 30 C Inativo 33
MET125 C Inativo 35,5 C  Ativo 60.5 C Inativo 48
MET128 C Inativo 385 C  Ativo 60.5 C Ativo 50
MET019 NC Inativo 15 NC Inativo 25 NC Inativo 20
MET141 C Inativo 42 C Ativo 54 C Inativo 48
MET145 C Inativo 375 C Ativo 6225 C Ativo 50

ATV = Atividade

%ATV = Probabilidade de atividade
C = Confiavel

NC = Nao confiavel

Dom. = Dominio

De acordo com a predicdo, 7 metabdlitos secundarios apresentaram
possivel atividade anti-HIV segundo o consenso entre os modelos de predi¢cao
utilizando descritores CDK e Volsurf, conforme mostrado na Tabela 15, sendo o
METO034 metabdlito do composto ALX038, o MET067 do ALX024, o METO089 do
ALX025, os MET102 e MET110 do ALX026 o MET128 do ALX118 e MET 145 do



ALX138. Contudo, o composto ALX026 apresentou dois metabdlitos com
probabilidade de possivel atividade segundo a predigao realizada, sendo este
derivado o composto que apresentou a 3° melhor energia de acoplamento
ligante-receptor dentre os derivados estudados frente a proteina PDB ID 1EP4 e
a 4° frente a PDB ID 1DTQ, ja discutidos anteriormente na secdo de docking

molecular.



6. CONCLUSAO

Com base nos dados apresentados pela triagem virtual, os compostos
testados apresentaram carater anti-HIV promissor, que direciona o teste
biolégico para validar esses dados in silico, assim como o teste de citotoxicidade
€ necessario para confirmar através de testes bioldgicos antes da proposicéo

desses compostos a novos medicamentos retrovirais.

Esta pesquisa limitou-se apenas as analises computacionais desse grupo
de 2-aminotiofénicos, a partir dessas analises os compostos apresentaram
interagdes para os 2 alvos escolhidos de transcriptase reversa contra o HIV-1.
Complementando essa conclusdo com os dados de risco de citotoxicidade dos
metabdlitos analogos, com isso, pesquisas futuras podem investir na possivel
comprovagcdo da atividade anti-HIV através de teste biologicos desses
compostos, em especial o composto ALX026 (5-benzil-2-[(E)-[(2,4-

diclorofenil)metilidenolamino]-4H,5H,6H-tieno[2,3-c]pirrole-3-carbonitrila).

Os dados apresentados corroboram as pesquisas na area de
planejamento de novos farmacos anti-HIV, que apontam os heterociclicos como
moléculas promissores para estudos, cujo objetivo € a proposigdo de novos
agentes retrovirais. Sendo este estudo importante para que futuros
pesquisadores possam pesquisar detalhadamente a possibilidade de proposi¢cao

dos derivados 2-aminotiofenos como drogas no combate ao HIV.
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ABSTRACT

HIV is a virus that affects more than 37 million people worldwide, where only 23.3 million were
receiving retroviral treatment by 2018, according to the World Health Organization (WHO). Three
important enzymatic targets in the life cycle of HIV are: reverse transeriptase, protease and integrase;
disease progression causes a decrease in CD4 + T lymphocytes, makes the infected organism
vulnerable to opportunistic diseases. Therefore, much research aims to inhibit these enzymes to try
to fight AIDS. This research aims to verify the use of silico techniques for an inhibitory activity of a
set of 2-aminothiophenic drugs against these three enzymes, based on rational drug planning, virtual
screening, and molecular modeling. To this end, many computational tools were used to generate
data that improve the expectation of potential activity of these compounds. After all analyses, it was
concluded that 12 of the 180 compounds tested may have potential activity against HIV-1 with low
toxicological effects.

KEYWORDS

HIV, In Silico, Integrase, Molecular Modeling, Protease, Reverse Transcriptase

1. INTRODUCTION

Before the first clinical reports of HIV in 1981, the only knowledge of the disease was that it had
a relationship with the human immune system and the bloodstream. The United States and some
African countries performed intensive research on HIV since 1982, and from the results, the disease
became known as AIDS (acquired immunodeficiency syndrome). In the mid-1980s in Brazil, the
disease became known as the disease of the SH: homosexuals, hemophiliacs, Haitians, heroin addicts
and hookers (Goodkin et al., 2017: Goulart et al., 2018).

According to the World Health Organization (WHO), about 38 million people live with HIV
worldwide, of these only 23.3 million infected received treatment by the end of 2018, accounting for
62% of the total infected. These numbers are increasingly attracting research in search of new anti-HIV
drug candidates that offer a therapeutic effect with less negative impact on humans due to toxicity.
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Because the life cycle of HIV is well elucidated, most research involving anti-HIV treatment
assumes the need for inhibition of the 3 enzymes involved in viral multiplication: protease (PR),
integrase (IN) and reverse transcriptase (RT). These are the most widely studied therapeutic targets
for HIV-1 in Patel, Homaei, El-Seedi, & Akhtar, (2018).

Cheminformatics has grown over the years, and has made important contributions to
pharmaceutical sciences, including the possibility to rationally design bioactive molecules for the
treatment of diseases, by either the creation of new drugs or the structural modification existing drugs
{Pinheiro-de-oliveira et al., 2018).

In silico methods have helped synthetic chemists, phytochemical specialists, and
pharmacologists lower their input costs and time, as screening for a specific biological activity
can be done using computational tools, with fewer resources than a classical laboratory experiment
(Alves, 2014; Trossini, 2008).

With modern tools, it is possible to screen the candidate molecules based on molecular
characteristics suitable for specific biological activity, to analyze the energies and ligand-receptor
interactions at a given active site, to verify the stability and dynamic behavior of a ligand at a given
receptor, and to perform chemomelric analyses such as partial least squares (PLS), principal component
analysis (PCA) and consensus PCA (CPCA), and theoretical pharmacophoric studies until proposing
more promising biological profile structures (Cruz, 2016; Lopes & Figueiredo, 2018).

The aim of this research is the discussion of in silico studies involving 2-aminothiophenic
against HIV-1, through the enzymatic inhibition of targets involved in the retroviral life cycle, and it
is expected to contribute studies with retroviral activity, mainly HIV.

2. MATERIALS AND METHODS

In this paper, a virtual hybrid screening with 180 2-aminothiophenic compounds was initially
performed (https://doi.org/10.6084/m9.figshare.9722099). The compounds were synthesized in the
Svynthesis Laboratory and Vectorization of molecules at UEPB (Paraiba State University) whose
structures were provided by Professor Dr. Francisco Jaime Mendonga Jinior. This study consists of a
ligand-based approach together with a combined form of protein-based approach. Thus, it is possible to
obtain molecules with better pharmacological profiles in silico by analyzing bioavailability, absorption,
cytotoxicity risks, ligand-receptor interaction, active site stability and prediction of biological activity
{(Hansmann, Miyaji, & Dressman, 2018).

Virtual screening is the classification of substances based on the characteristics that best explain
observed biological activity. These features may serve as activity analogs and can be used to make
improvements. This approach is known as rational drug planning and is widely used in drug research,
contributing to the reduction of bench time in the synthesis of new bioactive compounds (Cavalcanti,
2018; Paz, 2017; Ellena, 2017; Santos, 2017).

The methodology of this research can be divided into 4 major steps, as shown in Figure
1: a) ADMET prediction: screening through prediction models (biological activity, absorption
and intestinal permeability), prediction of cytotoxicity risks, oral absorption rate (% ABS) and
Lipinski rule violations (LIP), b) multi-target molecular docking, ¢) in silico analysis of hepatic
metabolites, and d) CPCA.

We perform in silico analysis of 2-amino-thiophenic compounds against the three HIV-1 proteins.
The molecules were initially designed with the aid of ChemAxon MarvinSketch 18.4.0 software to
obtain their 2D structures and then imported into HyperChemTM 7.5 software (800 cycles and RMS
0.1 kcal.A-1.mol-1) for structure optimization using molecular mechanics (MM +) and semi-empirical
(AM1) methods. The 3D structures of each molecule were obtained for the conformation calculated
to have the lowest energy(Munir & Begum, 2019).

We used eighteen drugs marketed for HI'V treatment via different pathways as controls, including
protease inhibitors (iPR), integrase inhibitors (illN), and transcriptase inhibitors (iRT). The analysis
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Figure 1. Methodological scheme of this research

180 compounds

Ligand-based structure-based

Molecular docking

Metabolic analysis

4
Pl

ol the controls was performed [ollowing the same procedure outlined in the preceding paragraph.
The controls used are shown in Table 1.

2.1. Molecular Descriptors

Molecular descriptors correspond to the structural characteristics of each molecule, and can
be divided into 5 types: hybrid descriptors, constitutional descriptors, topological descriptors,

Table 1. Marketed anti-HIV drugs that served as controls in this research

1D Inhibition Name Initials ~ %ABS  MUT CAR ESR IRR TOX
Co1 iPR Ritonavir RTV 39.22 No No No No No
co2 iPR Fosamprenavir FPV 41.41 No No No No No
Co3 iPR Atazanavir ATV 49.93 No No No No No
co4 iPR Saquinavir SQV 51.47 No No No No No
Co5 iIN Raltegravir RAL 57.24 No No No No No
Co6 iPR Darunavir DRV 57.66 No No No No No
Co7 iRT Tenofovir TDF 58.56 No No No No No
Co8 iPR Nelfinavir NFV 65.12 No No No No No
Co9 iRT Etravirine ETR 67.38 No No No No No
C10 iPR Lopinavir LPV 67.60 No No No Yes Yes
Cl1 iPR Tipranavir TPV 69.68 No No No No No
Cl12 iRT Lamivudine 3TC 69.86 No No Yes No Yes
Cl13 iRT Zidovudine AZT 72.83 Yes Yes Yes No Yes
Cl4 iRT Abacavir ABC 73.85 No No No No No
Cl15 iIN Dolutegravir DTG 74.78 No No No No No
Cl6 iRT Didanosine DDL 78.38 No No No No No
C17 iRT Nevirapine NVP 88.95 No No No No No
Cl18 iRT Efavirenz EFZ 95.78 No Yes No No Yes

% ABS = absorption rate; MUT = mutagenicity; CAR = carcinogenicity; IRR = tissue irritability; ESR =
toxic effect on the reproductive system and TOX = risk of cytotoxicity.

102



International Joumnal of Quantitative Structure-Property Relationships
Volume 5 « Issue 2 « April-June 2020

electronic descriptors and geometric descriptors. The descriptors were calculated from the input
file (usually an SDF file) containing all chemical structures to be analyzed. There are many
programs for generating molecular descriptors, both simple, such as the free application at Java
CDK Descriptor Calculator 4.8 (http://www.rguha.net/codefjava/cdkdesc.html) (Pereira, Szware,
Mondragao, Lima, & Pereira, 2018), and highly complex, such as the commercial Volsurf+
software (Sakagami et al., 2017).

Since the descriptors are essential for the construction of a prediction model and different
software programs calculate different descriptors, two predictive models were made, one based on
the descriptors calculated by CDK, and the other with the descriptors calculated by Volsurf+. It is
possible to obtain a prediction by consensus by combining the two predictions. The reliability of the
combined method is higher, and it provides more robustness (Moreira, 2014).

2.2. Ligand-Based Virtual Screening (LBVS)
2.2.1. Prediction Models of Activity, Intestinal Absorption and Intestinal Permeability

Prediction of biological activity is made using the statistical software KNIME Analytics Platforms 3.6
(Kausar & Falcao, 2018) to create a self-organizing map, integrating several data nodes to form the
prediction model. The workflow used in this research can be found online (https:/doi.org/10.6084/
m9.figshare.7588595).

The model uses machine learning to classify each structure whose activity is to be predicted,
based on its structural characteristics. This comparison is based on molecules classified as active
at the time of model construction. Once the characteristics of active and inactive molecules
are known, classification of molecules with unknown biological activity can be predicted by
comparison (Barros et al., 2018).

We used a random forest (RF), which consists of a set of decision trees that randomly analyze
molecules, for classification. The input compounds were partitioned into training (80%) and testing
(20%) sets. Each tree in the forest makes a prediction, and the molecule is classified based on the
class predicted by the majority of trees (Verfssimo et al., 2019).

Similarity is analyzed based on the molecular descriptors, where the descriptors of the model
molecules are compared with those of the molecules whose activity is unknown. The table of molecules
used in the construction of the model was divided into two equal groups based on the following
criterion: molecules with the higher pIC30 (-log (IC50)) are assigned the label “A” (active) and others
as “T” (inactive). Thus, classification of any structure that is within the model’s applicability domain
can be performed (Barros et al., 2018).

For the prediction to be statistically acceptable, the molecule must be within the applicability
domain. This domain ensures that the characteristics of the molecules tested are known by the model.
As the model is based on comparison by similarity, the applicability domain ensures that the predicted
molecule has structural characteristics represented in the chemical space of the molecules used in
the model construction. When the molecules used for testing and training are within same chemical
space, prediction reliability is increased. The higher the percentage of applicability, the more reliable
the prediction for the analyzed molecule (Acevedo, Scotti, & Scotti, 2018).

Weka Predictor 3.7 was used to predict activity by classifying molecules whose anti-HIV activity
is not known. Adding RF machine learning and WPRED classification, the self-organizing map created
with KNIME workflows has gained the attention of many researchers in the field of cheminformatics
for its predictive efficiency and ease of configuration (Gultepe & Rashed, 2019).

In addition to the biological activity based on the ICS0 of known anti-HIV molecules, prediction
of intestinal permeability and absorption was performed using the spreadsheets provided by
admetSAR @ LMMD. In this research, the same workflow created for the prediction of biological
activity was used for predicting intestinal permeability and absorption, varying only the tables for
the construction of the models.
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2.2.2. Prediction of Cytotoxicity Risks

The molecules were imported into the free OSIRIS DataWarrior 5.0 software (http://www.
openmolecules.org/datawarrior). In this program, the risk of toxicity is predicted by searching for
known fragments in the molecules analyzed and comparing with an internal database. When found,
the fragments generate a cytotoxicity alert with four parameters: mutagenicity, carcinogenicity,
effect on the reproductive system and skin irritability. Total cytotoxicity is assigned a value of “No”
when a molecule has no warnings for any of the four parameters analyzed by OSIRIS (Daggupati,
Pamanji, & Yeguvapalli, 2018).

When necessary, cytotoxicity risk is used as a parameter to select molecules. When there is no
cytotoxicity alert for any of the parameters, the likelihood of the molecule having toxic effect is low.

2.2.3. Oral Absorption Rate and Violations to Lipinski’'s Rule

To estimate violations to Lipinski’srule, we used the free program DruLiTo (http://www.niper.gov.in/
pi_dev_tools/DruliToWeb/DruLiTo_index.html), in which molecules are imported. The mass, LopP,
hydrogen bond acceptors and donors, TPSA, total number of atoms and other structural characteristics
can also be calculated simultaneously (Fereidoonnezhad, Mostoufi, Eskandari, Zali, & Aliyan, 2018).

The vast majority of retroviral drugs used in anti-HIV treatment come in the form of tablets or
capsules and are easily administered orally to infected patients. Thus, it is possible to calculate the
absorption rate of bioactive molecules based on their surface area. The total topological analysis was
performed using the equation:

%ABS=109-(TPSAx0.345) (Zhao et al., 2002)

When using the absorption rate as an exclusion parameter in virtual screening, only molecules
with % ABS greater than or equal to the lowest rate of the control drugs (ritonavir with 39.22%)
are considered.

2.2.4. Consensus Principal Component Analysis — CPCA

Consensus principal component analysis was performed using the Volsurf + 1.0.7 software, which
considered only the descriptor blocks that mostly contribute to data variability, making it possible
to understand which electronic and structural properties are the most representative. In the data
set studied, the estimated physicochemical characteristics may be hydrophobicity, lipophilicity,
amphiphilicity and others (Huang et al., 2018).

Each block of descriptors has different relevance weights, after excluding descriptors that
contribute to reducing the explanation of variance, and the most relevant blocks and descriptors for
the set of molecules as a whole can be determined. This information is very important data for future
work on the rational planning of new drugs (Scotti et al., 2014).

The SDF file containing the molecular structures used in the model construction was imported
into the Volsurf+ software, which automatically calculates the 128 descriptors as the basis for CPCA
analysis. As a parameter for accepting data from this analysis, many researchers consider values above
70%. Using this value for the remaining descriptors, as well as their blocks, the best represented set
of molecules are studied (Scotti et al., 2012).

Interpretation of this analysis is possible by studying the blocks and the descriptors at the end
of the model and determining which structural characteristics are most representative of the set of
molecules. This data can be combined with data obtained from a study of the relationship between
chemical structure and biological activity to plan new bioactive molecules (de Oliveira, 2016).

Interpretation of the descriptors after CPCA analysis is performed with the help of the software
manual which is also available online with free registration: http://www.moldiscovery.com/product/
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manual/vsplus. The manual describes all descriptors and their value ranges (when appropriate), which
is used to decide on the aceeplability of the values obtained for the compounds.

2.3. Structure Based Virtual Screening (SBVS)
2.3.1. Molecular Docking

Molecular docking was performed using the Molegro Virtual Docker 6.0 (MVD) program, and
coupling was performed with the 3 proteins involved in the HIV-1 protease viral multiplication
process (PR - PDB ID: 6DIF; Wong-Sam ct al., 2018}, integrase (IN - PDB ID: 1Q84; Goldgur ¢l
al., 1999) and reverse transcriptase (TR - PDB ID: 3LP0; Su et al., 2010). For interaction analysis,
MolDackScores were considered (o be interaction energies. The analogues that presented better
values (lower values) of the total ligand-receptor interaction energy simultaneously for the 3 proteins
were used for classification. The complexed ligands attached to each protein are shown in Figure 2.

As shown in Figure 2, each protein used presented a complexed ligand. For the construction of
the coupling system, a template was created using these ligands as a reference, thus delimiting the
region of the active site involved in molccular docking. With gencral standard strength, an energy
grid resolution of 0.40A was used for the MolDock Score [GRID], considering 1500 maximum
inleractions, a maximum populalion size of 50, an energy threshold of 100, and a neighbor distance
[actor equal (o one. All watcr molecules were laken ofT the grid.

Thus, it is possible to map the interactions of common amino acid residues between the proteins
studied and the analogues considered up to this stage ol screening and determine the possibility
of multi-target bioactivity for HIV-1. For this, we considered the median values for each data set
containing the interaction energies of each protein, and the values below the median were classified
as the best interaction profiles in the molecular docking as they presented the lowest energies for
each data set.

All proteins studied had inhibitors coupled (o their crystallographic structure taken from the
Protein Data Bank (PDB} website (https:/www.resh.org) with resolutions of 1.2A to 6DIF, 2.1A
o 1Q54 and 2.79A for 3LP0. These inhibitors were important because their presence was used to
delimit the active sile of cach protein.

Figure 2. Binders of each protein used in this study

D TVP NVP 100

PDB ID 6DIF 3LPO 1Qs4
Formula C;:H; CIN. O, CisH\sN,O Ci:H;CIN, O,
Mol. Weight 28968 gmal 266.30 gmol 289.68 gmol
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For molecular docking validation, redocking was performed by calculating the RMSD
(Hanwarinroj et al., 2019) for each protein, using the same parameters considered in the analogous
docking. This RMSD was calculated based on the overlapping quality of the best complexed ligand-
protein conformation.

2.3.2. Prediction of Hepatic Metabdlites and Prediction of Risk of Metabolite Toxicity

To perform a metabolic study using computational methods, Molecular Discovery’s METASITE
6.0 non-free software was used in this research. The software predicts the possible transformations
suffered by a set of molecules in one or more cytochromes in some specific body regions such as
skin, brain, liver and others. Each cytochrome is basically a protein responsible for transforming
ingested substances through chemical reactions to promote its elimination by polarizing the structure
(Latacz et al., 2019).

The 3D chemical structures of secondary metabolites from metabolism in the liver, brain and/
or skin can be estimated by the software. This research considered only the liver transformations.
The secondary metabolites generated were submitted to a biological activity prediction model, and
cytotoxicity risks were compared to their respective metabolic abundances.

The cytotoxicity risk of each secondary metabolite was predicted using OSIRIS. Bioactive
compounds that generated metabolites (having abundance above 75%) with cytotoxic parameters
such as high mutagenicity and/or high carcinogenicity were disregarded in the selection of nucleoside
analogues with the best profile. It is understood from this research that a drug candidate and its most
abundant metabolites should have low or no cytotoxicity.

3. RESULTS AND DISCUSSION

It is possible to verify which of the 180 compounds initially submitted for prediction of biological
activity against HIV-1 showed activity against any of the enzymes of interest involved in the retroviral
replication cycle. Among these compounds, the model predicted that thirteen structures presented
activity with probability ranging from 50.50% to 62.50%.

Based on the statistical data shown in Table 3, test and cross-validation (ROC) curves are shown
graphically in Figure 3.

We obtained an accuracy (ACC) value of 0.813 for the test set, which is considered. For the
biological activity of the compounds in the training set, a satisfactory accuracy value of 0.841 was
obtained. other statistical parameters were also calculated to prove the model performance and
reliability. The Matthews coefficient (MCC), which expresses the total correlation between the
observed and the predicted data, was determined using the confusion matrix data. We obtained MCC
values of 0.627 and 0.683 for the test and training data sets, respectively.

Table 3 shows the precision, sensitivity, specificity, positive predictive values and negative
predictive values obtained. All values presented in Table 3 show satisfactory performance of the
model, with values above 50%. Thus, the prediction of anti-HIV activity with our model is acceptable,
having good data classification capacity (sensitivity and specificity) and high proportions of both
true positives and true negatives.

After determining which molecules showed biological activity against HIV, it is necessary to
discuss the prediction of internal absorption and intestinal permeability for these 13 active compounds.
All compounds showed absorption and permeability in the intestine, suggesting their potential as
new drugs candidates, as biological action depends on these pharmacological parameters (shown
in Table 4). The compound ALX03 presented high intestinal permeability (CACO?2), similar to the
other compounds; however, its structure did not go through the domain of similarity, making the
prediction less reliable. For intestinal absorption (HIA) all compounds have positive absorption, and
all predictions were reliable according to the domain of similarity. Thus, compound ALX03 was
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Table 2. Molecules approved by the prediction model of biological activity
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ID Structure Domain  Activity % Activity
\ ‘
ALXO01 @J Reliable A 51.00
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\
ALX02 ‘@J Reliable A 50.50
"
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ALX03 —@—// Reliable A 54.00
W
T
ALX04 @—// Relible A 56.50
"
Y
ALX05 Q—’ Relible A 53.00
n
ALX06 Reliable A 51.50
o
Yy
ALX07 AQ—/ Reliable A 55.50
I
ALX08 ,_Q_//‘(FD Relible A 56.00
< p)
ALX09 Reliable A 55.50
W
|
\
ALX10 ‘,\@J Reliable A 50.00
/4
ALX11 ,—@J Reliable A 62.50
. i
T
ALX12 @—// Reliable A 53.00
Vi
Table 3. Sensitivity data, specificity and predictive values
SENS ESPEC VPP VPN
Test 0.788 0838 0,825 0,801
Validation 0,834 0,848 0,849 0,833

SENS = sensitivity; ESPEC = specificity; PPV = positive
predictive value and NPV = negative predictive value.
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Figure 3. Graphical representation of the performance of the KNIME activity prediction model

Y Test
Cross validation

True positive
True positive

Curva ROC =0.917 Curva ROC = 0,906

False positive False positive

Table 4. Results of predictions of intestinal permeability and absorption

ID CACO2  %CACO2 Domain CACO2 HIA %HIA Domain HIA

ALXO01 High 97.5 Reliable HIA+  97.0 Reliable
ALX02  High 93.0 Reliable HIA+  97.0 Reliable
ALX03  High 94.0 Unreliable HIA+  96.0 Reliable
ALX04  High 95.0 Reliable HIA+  97.0 Reliable
ALX05  High 91.0 Reliable HIA+ 95.0 Reliable
ALX06  High 85.5 Reliable HIA+ 935 Reliable
ALX07  High 91.5 Reliable HIA+ 945 Reliable
ALX08  High 90.0 Reliable HIA+  94.0 Reliable
ALX09  High 96.0 Reliable HIA+  96.0 Reliable
ALX10  High 82.0 Reliable HIA+  86.5 Reliable
ALXI1  High 95.5 Reliable HIA+  95.0 Reliable
ALX12  High 96.0 Reliable HIA+  95.0 Reliable
ALX13  High 96.0 Reliable HIA+  97.0 Reliable

also considered for the other analyses discussed in this paper. The probability that the results will be
positive for both permeability and absorption ranges from 82.0% to 97.5%.

As discussed above, the statistical data of the anti-HIV biological activity model is shown in
Table 3. In Table 5 we show statistical data for intestinal absorption and permeability predictions.
The data show that the models created have good predictive capacity. The ROC curve data for the
CACO2 model was 0.857 for the test group and 0.895 for the internal validation, while for the HIA
model values of 0.828 and 0.962 were obtained for the test and validation scts, respectively.

Table 5. Statistical data of the intestinal absorption and permeability prediction model

SENS ESPEC MCC ACC ROC
Test 0.961 0.500 0.542 0.822 0.857
CACO2
Validation 0.966 0.501 0.567 0.855 0.895
Test 0.990 0.550 0.503 0.888 0.828
HIA
Validation 0.993 0.500 0.618 0.922 0.962
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In addition, the accuracy for both models ranged from 0.822 to 0.922 (where the accuracy
measures how well the model makes correct predictions), as shown in Table 3, and the Matthews
coefficient was above 0.5.

The generated model presented high sensitivity ranging from 0.990 to 0.961. That is, the model
correctly classifies positive data points. In general, the intestinal absorption and permeability
models have good predictive capacity and great true positive rates, making the models applicable
for this research.

The next stage of screening is the prediction of cytotoxicity risks, taking into account the
parameters MUT, CAR, IRR, And ESR (as mentioned in the methodology) with the aid of the free
OSIRIS software. The results are shown in Table 6. Only the ALX09 compound presented high risk
of mutagenicity, and therefore will not be considered for the next virtual screening steps proposed by
this study. Only the remaining 12 compounds were considered in the next screening step.

In the third screening stage, the oral absorption rate was calculated based on the topological
polar surface area of the molecules. According to the computational data obtained, the absorption
rate of the 12 compounds was greater than 86%, with up to a single violation of Lipinski’s rule, as
shown in Table 7. By combining this data with the intestinal absorption and intestinal permeability
data discussed earlier, it is possible to expect acceptable bioavailability for the compounds analyzed,
since bioavailability also depends on these pharmacokinetic parameters. Obviously, bioavailability
also depends on non-structural factors, and the structural factors discussed give hope for the good
availability of these bioactive compounds in the body.

For the fourth stage of virtual screening, three molecular docking studies were performed with
the 12 studied 2-aminothiophenic compounds. The compounds showed promising ligand-receptor
interaction energies (shown in Table 8): between -90.892 and -101.77550 kcal-mol ™ for protease (PDB
ID-6DIF), between -49.6111 and -62.7736 kcal-mol! for integrase (PDB ID 1QS4); and between
-69.2519 and -104.2340 kcal-mol? for reverse transcriptase (PDB ID 31LP0). It is worth noting that
the RMSD values for protease, integrase and reverse transcriptase are to 0.6460A, 0.16854, and
0.09214, respectively, proving that the data discussed for molecular anchoring are reliable.

Table 6. OSIRIS cytotoxicity (TOX) risk prediction data on mutagenicity (MUT), carcinogenicity (CAR), skin irritability (IRR) and
reproductive toxicity (ESR)
D MUT CAR ESR IRR TOX
ALXG] None None None None No
ALXG2 None None None None No
ALXG3 None None None None No
ALXG4 None None None None No
ALXGRS None None None None No
ALXGE None None None None No
ALXGT None None None None No
ATX08 None None None None No
ALXO0Y High None None None Yes
ALXI10 None None None Nene No
ATX11 None None None Neone No
ATX12 None None None Nene No
ATX13 None None None None No
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Table 7. Oral absorption rate and violations to Lipinski's rule

ID LIP TPSA %ABS

ALX01 0 4538 9334
ALX02 0 6561 86.36
ALX03 0 3615 96.53
ALX04 0 4538 9334
ALX05 1 36.15  96.53
ALX06 1 36.15 96.53
ALX07 1 36.15  96.53
ALX08 0 4538 9334
ALX10 0 5545 89.87
ALX11 0 6468 86.69
ALX12 0 8491 79.71
ALX13 0 4146 9470

Table 8. Interaction energies [kcal-mol'] of 2-aminothiophenes and controls for the studied targets of HIV-1

Protease enzyme  Integrase enzyme Reverse transcriptase enzyme

(PDBID 6DIF)  (PDB ID 1QS4) (PDB ID 3LP0)
ALXO01 -90.8942 -58.7974 -76.2132
ALX02 -99.6043 -55.5293 -84.1309
ALX03 -94.8946 -49.8185 -83.9773
ALX04 -100.8580 -58.4837 -84.8189
ALXO05 -97.3425 -48.4355 -70.7422
ALX06 -104.7070 -54.2600 -90.5419
ALX07 -93.7137 -61.5629 -88.6091
ALX08 -109.1880 -49.6111 -100.1410
ALX10 -96.7010 -55.9553 -92.5705
ALX1] -98.2041 -59.0573 -86.5163
ALXI12 -100.7390 -57.0031 -69.2519
ALXI13 -101.7550 -62.7756 -87.3791
Co1 -84.9299 -77.3905 -82.6159
€02 -72.4624 -75.5680 -177.3560
Co3 -76.2692 -96.4926 -157.9830
Co4 -115.2570 -71.3740 -183.0290
Co5 -63.4924 -86.1126 -113.6810
Co6 -127.4050 -84.9255 -219.2790
Cco7 -103.0210 -148.4980 -116.8440
Cos -69.6643 -41.6490 -150.5600
€09 -26.9554 -67.2550 -95.4293
Cl10 -48.5037 -65.1455 -129.9620
Cl11 -47.6569 -68.6211 -125.0450
Cl2 -38.1601 -68.7104 -96.2246
C13 -34.5039 -49.4436 -84.4204
Cl4 -77.1986 -77.0027 -125.6800
Cl15 -27.6528 -63.3550 -104.3090
Clé -54.3136 -54.2284 -112.8810
C17 -28.3280 -40.8529 -114.3160
C18 -34.0594 -59.7443 -119.0220
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Based on the data presented in Table 8, it is possible to rank the synthetic compounds derived
[rom 2-aminothiophene, the cightecen controls considered in this research and the respective ligands
complexed together with each enzyme used (inhibitor, -186.2840 keal-mol™). Regarding protease,
as shown in Figure 4, compounds ALX08 and ALX06 showed better ligand-receplor interaction
results than all controls studied, [ollowed by compounds ALX02, ALX04, ALX12, ALX13. These
compounds showed better results with the C12, C13, C14, C15, C16, and C17 controls (-86.9380,
-76.8993, -96.7212, -98.3940, -62.5355 and -74.7124 kcal-mol*, respectively) that are not protease-
specific inhibitors, i.e., none of the 2-aminothiophenics studied in this research showed better results
in molecular docking against the protease enzyme.

For integrase (Figure 3), the controls C02, CO3, CO35 and CO7 showed better values than the
protein complexed ligand itself (-77.6691, -102.2670, -87.8983, and -77.4944 kcal-mol™', respectively).

Figure 4. Rank between 2-aminothiophenics, the ligand complexed with the chesen protein and the controls against HIV-1 protease

PROTEASE- PDB ID: 6DIF

0.0000
-20.0000
-40.0000

O

-60.0000
-80.0000
-100.0000
-120.0000
-140.0000
-160.0000 SR ET
-180.0000 w%éauu
200.0000 588

Figure 5. Rank between 2-amincthiophenics, the ligand complexed with the chosen protein and the controls against HIV-1 integrase
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Compound ALX13 had a better total ligand-receptor interaction energy result than the commercial
specific inhibitor and control C15 (Dolutegravir, -39.2802 kcal.mol-1); however, C05 (Rallcgravir),
another integrase inhibitor considered in this research, presented the second best encrgy result against
the integrase used (PDB ID 1QS4), just after the C03 control (Atazanavir) which is a protease inhibitor.

The reverse transcriptase dosc ol the eighteen controls had better results in molecular docking,
including on the ligand complexed with the chosen enzyme PDB ID 3LP0 (-112.1650 kcal-mol™),
According to Figure 6, compound ALX08 showed better ligand-receptor interaction energy than
controls CO9 (Etravirin, -97,6803 kcal-mol™) and C13 (Zidovudine, -84.3775 kcal.mol- 1); compounds
ALX04, ALX06, ALX07, ALX10, ALX11 and ALX13 also showed beiter results than AZT in
molecular docking with the PDB 1D 3LP0 enzyme.

We examine the interactions between the amino acid residues of each protein with the best
Tour poses of the ligand-protein complexes. The amino acid residues and interactions ol some
molecular docking poses are shown in Table 9. The proteasc inhibitor presented two hydrogen bond
Lype interactions with the Arg25 and Ile50 residues; the latler can also be found in the control C04
(Saquinavir, commercial prolease inhibitor), also as hydrogen bond, and as a steric interaction in the
ALX10 compound.

For integrase, the CO5 control (Raltegravir, commercial integrase inhibitor) showed lower energy
and hydrogen bond type interactions with Asnl55, Asp64, Gln148 and Aspl 16 residues, where Asnl55
can also undergoes hydrogen bonding with the complex inhibitor. Together with the protein (which
had the second lowest energy for this enzyme), residues Thr66, Lys156 and Lys159 are present as
steric interaction in all poses selected for this protein.

For reverse transcriptase, the control C18 (Efavirenz, commercial reverse transeriptase inhibitor)
showed hydrogen bond type interactions with residues Tyr181, Tyr318, His235 and Pro236, where
Tyr181 residue also has sleric interactions in all poses. Pro236 and His235 residues showed sleric
interactions in pose ALXO08. The interactions described in Table 9 are shown graphically for all four
poses selected for each of the three proteins in Figure 7.

In order (o finalize the virtual screening proposed in this research, the possible hepatic
metabolites for the compound doses analyzed were predicted. In addition, the cytotoxicity
risks (mutagenicity, carcinogenicity, toxic effect on the reproductive system and tissue

Figure 6. Ranking between the 2-aminothiophenics, the ligand complexed with the chosen protein and the controls against HIV-1
reverse transcriptase
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Table 9. Interaction type and amino acids residues in molecular docking study

Protein Pose Energy Residues of aminoacid
[kcal.mol-1]
Interaction type Resid!
6DIF  Inhibitor -186.28 H-Bond Arg25 and Ile50
. o o Steric . Arg8 and 2(Val82)
H-Bond 1le50
6DIF  CO4  -l4478 —gorc T (11e30), Gly27, Tie84 and 3(Pro81)
H-Bond . Asp25
6DIF ALX13 -101.75 Steric Gly4s
H-Bond None
6DIF  ALXI0 -96.70 Steric 1le50
H-Bond Asnl55, Asp64, GIn148 and Aspl 16
N Steric 4(Leu63), Aspll6, 2(Thrll5), 2(Lysl59),
1054 €05 87.89 2(Thr66), Lys156, 3(Asp64), 2(Asnl55),
2(1le152) and 3(Glul52)
ibi H-Bond 2(Thr66), Asnl55, Lysl56andLyslS9
1084 Inhibitor 7060 g 57 2(Glu152) and Lys159
_H-Bond Glul52
1QS84 ALX13 -62.77 Steric Asnl55, Lysl56, Lys159, Thr66, Asp64 and
e L e
H-Bond ~ None o ) )
1084 ALX12 -57.00 Steric Thré66, Lys159, Lys156, Asp64 and GIn148
H-Bond Tyr181, Tyr318, His235 and Pro236
Steric 5(Tyrl81), Pro95, 3(Trp229), Leu234,
3Lpo - cis o -12353 His235, Pro236, Glyl90, 4(Vall74), Ile100
and Lys101
o H-Bond None
3LPO  Inhibitor  -112.16 Steric Tyr188 and Lys101
H-Bond None )
3LPO  ALX08 -100.14  Steric 2(Leu234), Pro236, His235, Vall06, Tyr235,
H-Bond None
3LPO  ALX02 -84.13 Steric 3(Tyrl8l)

irritability) were estimated as detailed in the methodology. Compound ALXO! showed no
cytotoxicity risks in any of the four parameters for the ten metabolites generated. Similarly,
we find no cytotoxicity risk for the metabolites of ALX02-ALX04 and ALX10. Low and
high cytotoxicity risks were found for the remaining compounds with some of the studied
toxicological parameters; however, none of the 2-aminothiophenic compounds approved in
the prediction model of biclogical activity presented cytotoxic risks for the highest scoring
metabolites (above 60%). Thus, none of the compounds were excluded from this last step of
the proposed virtual screening. Liver metabolite analysis data can be found in the spreadsheet
available online at https://doi.org/10.6084/m9.figshare.9794288.

The higher-scoring metabolites did not present cytotoxicity (shown graphically in Table 10).
The plots in Table 10 correspond to each sample analyzed by METASITE. According to these
graphs, the compound ALXO01 presented four metabolites with a score of 100%, where the abscissa
axes correspond to the predicted metabolite codes. Thus, in the spreadsheet provided, it is possible
the smiles of each metabolite for each 2-aminothiophene derivative are shown, in addition to the
cytotoxicity risks. As the following figure already shows which metabolites have the highest scores
(in red), and the objective of this analysis is to verify the cytotoxicity risks of the highest scoring
metabolites, no further discussion of the graphs is necessary.

Some properties must be defined to finalize the hybrid virtual screening proposed in this research.
For this, a CPCA analysis was performed for the approved molecular screening dose molecules,
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Figure 7. Interactions between poses and their studied proteins: (a) protease inhibitor; (b) C04 protease control; (c) ALX13 with
protease; (d) ALX10 with protease; (e) C05 control with integrase; (f) Integrase inhibitor; (g) ALX13 with integrase; (h) ALX12
with integrase; (i) C18 control with RT; (j) RT inhibitor; (k) ALX08 with RT; and I) ALX02 with RT. Blue dotted lines correspond to
hydrogen bonds, and red dotted lines to steric interactions.

so it was expected to verify the possibility of amphiphilicity through the descriptor blocks. From
these 2-aminothiophenic derivatives the molecules were imported into Volsurf +, and the molecular
descriptor blocks that best explain the biological activity were determined, as shown in the descriptor
blocks that explained the variability of the data in 95.28% STRUCT, MISC, LOGD, TOPP, FLU,
DRY, MODEL and LOGS (Figure 8).

From the loading graph generated after performing the Volsurf+ CPCA analysis, there are 8
descriptors that are worth highlighting. These descriptors are shown in Table 11: four of the descriptors
correspond to hydrophobic regions of the molecule and the remaining four correspond to hydrophilic
regions, leading to the assumption of an amphiphilic character of the molecule.

However, the Volsurf+ software calculates an amphiphilic moment descriptor (A) for this, which
is not among the descriptors used for the CPCA model. The descriptor corresponds to the vector
from the hydrophobic center to the hydrophilic center, and its length corresponds to the amphiphilic
capacity of compounds needed to permeate a membrane. An average of the estimated for the moment
of amphiphilicity of the compounds was 4.6017. The thiophene derivatives, ALX02, ALX04, ALX05,
ALXO08, ALX08 and ALX10, presented above average values of A, while the compounds ALX01,
ALX03, ALX11 and ALX12 showed an A value greater than or equal to 4.3024. From the data
presented in Table 12, eleven of the analyzed compounds have amphiphilic character, while ALX13
does not, with A = 1.6312.

4. CONCLUSION

Based on the data presented by the virtual screening and CPCA, the tested compounds showed
promising anti-HIV character, and should be tested biologically to validate the in silico results.
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Table 10. Plots of hepatic metabolite ranking for 2-aminothiophenic derived doses
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Table 11. Descriptors generated from CPCA

Descriptors Description Regions
D1 .
D6 Hydrophobic Volumes
Hydrophobic
cD3 Canncits Fac yeep
apacity Factors
CD4 pacity
W04
H-donor volumes
WO5 .
Hydrophilic

HL1 Hydrophilic-lipophilic balance

HL2

Table 12. Amphiphilic moment descriptor for the 2-aminothiophenes studied

ID A
ALXO01 4.3396
ALX02 4.6126
ALX03 4.4654
ALX04 4.6349
ALX05 5.2862
ALXO06 4.3024
ALX07 5.0413
ALX08 4.6159
ALX10 7.5628
ALXI1 4.3210
ALX12 4.4077
ALXI13 1.6312

In addition, cytotoxicity tests are necessary to confirm that these compounds can be used new

retroviral drugs.

The results presented in this research are encouraging, as it indicates 13 possible candidates for
new retroviral drugs, with the possibility of reduced toxic effects when compared to many commercial
drugs according to the results of this study. Research such as this is expected to direct studies of new

bioactive drugs against HIV, reducing the toxic effects of AIDS therapy.

Based on these analyses, the compounds presented interactions with the three chosen targets
against HIV-1: protease, integrase and reverse transcriptase. Complementing this conclusion with
the cytotoxicity risk data of the metabolite analogues, a therapeutic response can be expected from

the lowest to the highest concentrations.

116



International Joumnal of Quantitative Structure-Property Relationships
Volume 5 « Issue 2 « April-June 2020

REFERENCES

Acevedo, C. H., Scotti, L., & Scotti, M. T. (2018). In Silico Studies Designed to Select Sesquiterpene Lactones
with Potential Antichagasic Activity from an In-House Asteraceae Database. ChemMedChem, 13(6), 634-645.
doi:10.1002/cmde.201700743 PMID:29323468

Alves, V. de M. (2014). Desenvolvimento de modelos de QSAR e andlise quimioinformética da sensibilizagéo
e permeabilidade da pele.

Barros, R. P. C., da Cunha, E. V.L., Catdo, R. M. R., Scotti, L., Souza, M. S.R., Bras, A. A. Q., & Scotti, M. T.
(2018). Virtual screening of secondary metabolites of the genus Solanum with potential antimicrobial activity.
Revista Brasileira de Farmacognosia, 258(6), 686-691. doi:10.1016/.bjp.2018.08.003

Berto Pereira, G., Szware, B., Mondragao, M. A., Lima, P. A., & Pereira, F. (2018). A Ligand-Based Approach
to the Discovery of Lead-Like Po tassium Channel KV 1. 3 Inhibitors.

Cavalcanti, E. B. V. S. (2018). Estudos quimiotaxondmicos e triagem virtual de flavonoides isolados da familia
asteraceae com potencial atividade leishmanicida.

Cruz, 5. M. D. M. da. {2016). Desenvolvimento de uma abordagem computacional para a descoberta de
compostos-lideres para firmacos anticancerigenos.

Daggupati, T., Pamanji, R., & Yeguvapalli, 5. (2018). In silico screening and identification of potential GSK3p
inhibitors. Journal of Receptors and Signal Transduction, 38(4), 279-289. doi:10.1080/10799893.2018.1478
854 PMID:29947280

Ellena, J. A. (2017). Caracterizagio no estado sélido de farmacos anti-HIV: planejamento racional de novas
formas cristalinas.

Félix, M. B., de Souza, E. R., de Lima, M. D. C., Frade, D. K. G., Serafim, V. D. L., Rodrigues, K. A. D.F.,, & de
Aquino, T. M. etal. (2016). Antileishmanial activity of new thiophene—indole hybrids: Design, synthesis, biclogical
and cytotoxic evaluation, and chemometric studies. Bioosganic & Medicinal Chemistry, 24(18), 3972-3977.

Fereidoonnezhad, M., Mostoufi, A., Eskandari, M., Zali, S., & Aliyan, F. (2018). Multitarget Drug Design,
Molecular Docking and PLIF Studies of Novel Tacrine— Coumarin Hybrids for the Treatment of Alzheimer’s
Disease (Autumn 2018). Irarnian Journal of Pharmaceutical Research. PMID:30568682

Goldgur, Y., Craigie, R., Cohen, G. H., Fujiwara, T., Yoshinaga, T., Fujishita, T., & Davies, D. R. et al. (1999).
Structure of the HIV-1 integrase catalytic domain complexed with an inhibitor: A platform for antiviral drug
design. Proceedings of the National Academy of Sciences of the United States of America, 96(23), 13040-13043.
doi:10.1073/pnas.96.23.13040 PMID: 10557269

Goodkin, K., Miller, E. N., Cox, C., Reynolds, S., Becker, J. T., Martin, E., & Sacktor, N. C.etal. (2017). Effect
of ageing on neurocognitive function by stage of HIV infection: Evidence from the Multicenter AIDS Cohort
Study. The Lancer. HIV, 4(9), e41 1-e422. doi:10.1016/52352-3018(17)30098-X PMID:28716545

Goulart, A., da Silva, D. V., de Carvalho Carnevali, A., Reis, E. de F. P., Dias, R. A. P., & Carlos-Bender, 1.
(2018). O conhecimento de estudantes sobre o hiv/aids e a importincia de jogos e teatro na reconstrugéo de
conceitos relacionados ao tema. Ensino, Saude e Ambiente, 11(2).

Gultepe, Y., & Rashed, S. (2019). The Use of Data Mining Techniques in Heart Disease Prediction.

Hansmann, S., Miyaji, Y., & Dressman, J. (2018). An in silico approach to determine challenges in the
biocavailability of ciprofloxacin, a poorly soluble weak base with borderline solubility and permeability
characteristics. European Journal of Pharmaceutics and Biopharmaceutics, 122, 186-196. doi:10.1016/.
ejpb.2017.10.019 PMID:29111469

Hanwarinroj, C., Phusi, N., Batthong, S., Chayajarus, K., Ariyachaokun, K., Kamsri, P., ... Suttisintong, K.
(2019). Elucidating the binding interaction and binding free energy of DprE1 inhibitors via molecular docking
calculations and molecunlar dynamics simulations.

Huang, S., Zhang, D., Mei, H., Kevin, M., Qu, S., Pan, X., & Lu, L. (2018). SMD-based interaction-energy
fingerprints can predict accurately the dissociation rate constants of HIV-1 protease inhibitors. Journal of Chemical
Information and Modeling, 59(1), 159-169. doi:10.1021/acs.jcim.8b00567 PMID:30422654

17



International Jounal of Quantitative Structure-Property Relationships
Volume 5 ¢ Issue 2 « April-June 2020

Kansar, S., & Falcao, A. O. (2018). An antomated framework for QSAR model building. Journal of
Cheminformatics, 10(1), 1. doi:10.1186/513321-017-0256-5 PMID:29340790

Latacz, G., Lubelska, A., Jastrzebska-Wiesek, M., Partyka, A., Mar¢, M. A., Satata, G., & Kamiriska, K. et al.
(2019). The 1, 3, 5-Triazine Derivatives as Innovative Chemical Family of 5-HT6 Serotonin Receptor Agents
with Therapeutic Perspectives for Cognitive Impairment. International Journal of Molecular Sciences, 20(14),
3420. doi:10.3390/ijms2014 3420 PMID:31336820

Lopes, D. A., & Figueiredo, A. (2018). Fios que tecem a histéria: o cabelo crespo entre antigas e novas formas
de ativismo. Opard: Etnicidades, Movimentos Sociats e Educagdo, 6(8).

Moreira, R. F. (2014). Determinagfio do perfil farmacocinético de medicamentos contendo firmacos de agéio
central.

Munir, S., & Begum, M. (2019). Computational investigations of a novel photoactive material for potential
application in dye sensitized solar cells. Asian Journal of Green Chemistry, 3, 91-102. doi:10.22034/
ajgc.2018.136899.1077

Patel, S., Homaei, A., El-Seedi, H. R., & Akhtar, N. (2018). Cathepsins: Proteases that are vital for survival but
can also be fatal. Biomedicine and Pharmacotherapy, 105{April), 526-532. doi:10.1016/.biopha.2018.05.148
PMID:29885636

Paz, O. 8. (2017). Triagem in silico e avaliagfio in vitro de compostos antifalcizantes.

Pinheiro-de-Oliveira, T. F., Fonseca Jr, A. A., Camargos, M. F., Laguardia-Nascimento, M., de Oliveira, A.
M., Cottorello, A. C., ... Barbosa-Stancioli, E. F. (2018). Development of a droplet digital RT-PCR for the
quantification of foot-and-mouth virnus RNA. Journal of virological methods, 259, 129-134. doi:10.1016/.
jviromet.2018.06.015

Sakagami, H., Uesawa, Y., Masuda, Y., Tomomura, M., Yokose, S., Miyashiro, T., & Terakubo, S. et al. (2017).
Quantitative structure—cytotoxicity relationship of newly synthesized piperic acid esters. Anticancer Research,
37(11), 6161-6168. PMID:29061797

Santos, M. L. A. dos. (2017). Estudos quimicos-computacionais, farmacocinéticos e toxicoldgicos in silico de
derivados azaindéis do dcido hidroxamico, inibidores da enzima integrase do HIV-1.

Scotti, L., Tullius Scotti, M., Barros Silva, V., Regina Lima Santos, S., & Cavalcanti, C. H. (2014). Chemometric
studies on potential larvicidal compounds against Aedes aegypti. Medicinal Chemistry (Sharigah, United Arab
Emirates), 1((2), 201-210. doi:10.2174/15734064 113099990005 PMID:23676010

Scotti, L., Tullius Scotti, M., de Oliveira Lima, E., Sobral da Silva, M., do Carmo Alves de Lima, M., da Rocha
Pitta, 1., & Bezerra Mendonga, F. J. et al. (2012). Experimental methodclogies and evaluations of computer-
aided drug design methodologies applied to a series of 2-aminothiophene derivatives with antifungal activities.
Molecules (Basel, Switzerland), 17(3), 2298-2315. doi:10.3390/molecules] 7032298 PMID:22367025

Su, H. P, Yan, Y., Prasad, G. S., Smith, R. F.,, Daniels, C. L., Abeywickrema, P. D., & Munshi, S. et al. (2010).
Structural basis for the inhibition of RNase H activity of HIV-1 reverse transcriptase by RNase H active site-
directed inhibitors. Journal of Virology, 84(15), 7625-7633. doi:10.1128/JVI.00353-10 PMID:20484498

Trossini, G. H. G. (2008). Antichagdsicos potenciais: busca racional de compostos com agdo seletiva pela
cruzaina. <ALIGNMENT.qj></ALIGNMENT>10.11606/T.9.2008.tde-17102014-152528

Verissimo, G. C., Dutra, E. F. M., Dias, A. L. T., de Oliveira Fernandes, P., Kronenberger, T., Gomes, M. A.,
& Maltarollo, V. G. (2019). HQSAR and random forest-based QSAR models for anti-T. vaginalis activities
of nitroimidazoles derivatives. Journal of Molecular Graphics & Modelling, 90, 180-191. doi:10.1016/.
jmgm.2019.04.007 PMID:31100677

Wong-Sam, A., Wang, Y. F., Zhang, Y., Ghosh, A. K., Harrison, R. W., & Weber, I. T. (2018). Drug Resistance
Mutation L'76V Alters Nonpolar Interactions at the Flap-Core Interface of HIV-1 Protease. ACS Omega, 3(9),
12132-12140. doi:10.1021 /acsomega.8b01683 PMID:30288468

Zhao, Y. H., Abraham, M. H., Le, J., Hersey, A., Luscombe, C. N, Beck, G., & Cooper, L et al. (2002). Rate-
limited steps of human oral absorption and QSAR studies. Pharmaceutical Research, 19(10), 1446-1457.
doi:10.1023/A:102044433001 1 PMID:12425461

18






1136  Current Protein and Peptide Science, 2019, Vol. 20, No. 12

Currently, there has been a frequent use of molecular
docking in the planning and discovery of drug candidates by
their coupling in the protein targets, being able to predict the
orientation of the ligand when it is bound to a protein recep-
tor ot enzyme using shape, H-bond and electrostatic interac-
tions to quantify it [8]. In this type of orientation the binding
affinity between the two molecules can be observed by cal-
culating scoring functions [9, 10], which represents potenti-
ality of binding.

In the last decades, the number of docking tools and pro-
grams have been developed for academic and commercial,
like FlexX [11], GOLD [12], AutoDock [13, 14], DOCK,
Cdocker and LigandFit [15], Surflex [16], MCDock, FRED
[17], Glide [18], AutoDock Vina [19], MOE-Dock [20], Le-
Dock [21] Dock [22], among others. The strategies of posi-
tioning of the binder differ for each software used, varying
with the use of predictive algorithms such as genetic algo-
rithms (GOLD), systematic technique (Glide) and Monte
Carlo simulation (LigandFit).

In the study by Wang et af. (2016) [23] the accuracy of
the AutoDock Vina, GOLD and MOE-Dock programs wag
observed, possessing the abilities in producing the correct
binding mode of a ligand. However, interactions between
small molecules and receptors still depend on experimental
methods, since current anchoring methods do not simulate
solvent effects, entropic effects, and protonation stages of
residues in the active site. The accelerated rhythm of re-
search in thig field has been very usual in several fields of
research and can be approached more accurately in the near
future.

3. EBOLA VIRUS DISEASE

The agent that causes Ebola Virus Disease (EVD) is an
RNA virus belonging to the Filoviridae family and Ebo-
lavirus genus. There are currently about five different Ebo-
lavirus strains, the species Zaire ebolavirus (EBOV), Sudan
ebolavirus (SUDV), Tai Forest ebolavirus (TAFV), Bun-
dibugyo ebolavirus (BDBV) and Reston ebolavirus
(RESTV). EBOV occurs in a higher proportion [24] for be-
ing the most lethal of the five strains [25]; and RESTV is not
pathogenic for humans.

The World Health Organization (WHO) reported the in-
cidence of Ebola as epidemic and as a public health emer-
gency in 2014, registering a total of 6,553 new cases, with
3,083 deaths. These increasing levels have been aggravated
by economic, and sociocultural factors, as well as by delays
in identification of the disease, which involve lack of sup-
plies to control the infection, a shortage of healthcare profes-
sionals in the affected localities and the absence of epidemio-
logical surveillance to identify new cases [26].

In the Congo, Ebola birth rates have reached an incidence
of up to 90%. The incubation period ranges from 2 to 21
days, with symptoms ranging from fever, weakness, vomit-
ing, diarrhea, headache, and throat pain, to internal and ex-
ternal hemorrhages with multiple dysfunctions [27]. Infec-
tlong can oceur as caused by infected hosts, such as non-
human primates; by direct contact between humans through
body fluids or contaminated surfaces [28]; by manipulation
of the bodies of deceased [29] with high viral loads present-
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ing transmission through direct contact in cases of unsafe
burials; and among health workers who are not fully protect-
ed. A fourth point of transmission can occur through sexual
intercourse, skin-to-skin contact, and body secretions. Stud-
ies have reported the presence of the virus in vaginal, rectal,
and seminal fluids [30], and in some cases the presence of
the virus in semen samples has been reported after 157 days.

The persistence of EBOV, particulatly in the semen of
male survivors, raises the risks of sexual transmission [31].
Previously, EVD survivors had been advised to practice sex-
ual abstinence or to use a condom during sexual activity until
3 months after recovery. These recommendations were based
on EBOV detection results from semen samples obtained
from eight survivors of EVD and/or Marburg virus disease in
prior epidemics. The longest period that the infectious virus
was detected in the semen after the onset of symptoms was
82 days [32].

Subsequent investigations revealed EBOV RNA in a sur-
vivor's semen at 199 days after the onset of symptoms; the
genetic sequence coincided with the sample obtained from
the patient of the case [33]. Although no infectious virus has
been detected in such semen specimens; the possibility re-
mains that infections EBOV could persist in the semen of the
survivor for up to 6 months after the onset of symptoms.
This led the WHO and the Center for Disease Control (CDC)
to revise their guidelines as to the time that survivors should
practice safe sex through sexual abstinence or in particular,
with the use of condoms [28, 34].

Mate et al. (2015) [35] demonstrated sexual transmission
from a male EVD survivor to his partner after 179 days of
the disease. The assembled blood and semen genomes con-
firmed direct sexual transmission, and presented three substi-
tutions that were not present in other EVD sequences of
West Africa.

Despite occasional reports of Ebola virus RNA in pa-
tients without evidence of sexual transmission, the sugges-
tion that there are theoretical reasons to consider sexual
transmission of the contagion has maintained relevance. Be-
cause of the potential risk, EVD survivors need to abstain
from sex, or use condoms for up to 3 months after the dis-
ease’s onset [36]. There is also a need to provide guidance to
patients and health agents on the subject. Genomic surveil-
lance, as used to elucidate viral origin and transmission [37],
may well help to determine the relevance of sexual transmis-
sion and its role. All the while, no drugs or vaccines are yet
available to cure EBOV.

3.1. Targets

Genetic studies are being used to identify better measures
against the disease. The EBOV RNA genome encodes seven
polypeptides, including glycoprotein (GP), nucleoprotein
(NP), RNA-dependent RNA polymerase (L), and viral pro-
teins VP35, VP30, VP40 and VP24 [38, 39]. Study of these
targets serves to understand their functions and promotes the
development of potential drug inhibitors [40]. Studies that
address structure-based drug design include the 3D structure
of the proteins in docking studies with individual small mol-
ecules. Such studies calculate docking scores and binding
energies, and identify lead compounds which present the
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properties and appropriate profiles needed for clinical devel-
opment [41]. In this review, molecular docking studies in
EVD proteins to develop potential inhibitors for the disease
will be reported.

3.1.1. Glycoprotein

Infection with EBOV initiates through fusion between
the host cell membrane and the viral glycoprotein (GP)
membrane [42]. The GP is formed by a trimer of three disul-
fide-linked GP1-GP2 heterodimers which are produced dur-
ing virus assembly through proteolytic cleavage of the GPO
precursor polypeptide [43]. The process occurs via the GP1
subunit, which mediates adhesion to host cells, while the
GP2 subunit carries out membrane fusion [44]. Similar fu-
sion processes are observed in other viruses, such as the pro-
tein envelope (Env) of the human immunodeficiency virus
(HIV), and hemagglutinin (HA) of the influenza virus [45].

EBOV GP is a principal target for designing vaccines and
inhibitors [46]. The virus enters the cell through receptor-
mediated endocytosis through clathrin-coated pits and caveo-
lae, followed by actin and microtubule-dependent transport
to the endosome, where GP is further processed by endoso-
mal cathepsins [47].

In molecular docking studies developed by Ahmad et al.
(2017) [48] to simulate their constructed models; 5 strong
interactions between the glycoprotein and inhibitors derived
from dronedarone, amiodarone, and benzofurano were ob-
served. A good score and interaction affinity with residues
Argl64 and Alal09 were respectively observed in portions
of the arene-arene interaction with benzene ring, and with
the hydrogen atom of the hydroxyl group (Fig. 1a).

In studies of ADMET properties and molecular docking
with the Ebola virus glycoprotein another in silico study [49]
demonstrated potential antiviral drug activities for Fostem-
savir and 20 Vicriviroc analogues. The drug screen selected
molecules which presented considerable binding energies.
One of the analogues, ACILA8DY, formed bonds with the
target protein and interacted with the Thr217, Thr223,
Asn257, Thr216, Glu258, and Alal14 residues (Fig. 1b).
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Fig. (1). Compounds presenting activity against Ebola virus glyco-
protein a) Amiodarone; b) ACILASDY.

3.1.2. VP35

The Ebola VP35 protein has become a strong target can-
didate; it acts as a component of the viral RNA polymerase
complex. Its activity hinders host interferon (IFN) produc-
tion, and is vital to the virulence of the Ebola virus. Studies
have reported that dSRNA-binding when focused on Arg312
has a high conservation rate and can be considered as a cru-
cial factor for the virulence of EBOV [50]. Reynard and
coworkers (2011) [51] reported that disruption of the VP35
protein leads to reduced viral amplification and mortality
rates in rats, it is considered a target in the development of
drugs against the Ebola virus.
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Molecular docking studies for VP35 have been devel-
oped by several research groups. In studies carried out by
Ekins et al. (2014) [52] molecular docking studies were per-
formed using the inhibitors amodiaquine, chloroquine, clom-
iphene and toremifene. From the pharmacophoric character-
istics of compounds with VP35 structures, it was observed
that amodiaquine and chloroquine presented the best scores
for the protein, with residues Lys248, 11e295, and Gln244
being essential for the activity (Figs. 2a-b).

Glanzer (2016) [53] employed molecular docking with
the VP35 structure to enrich a population of compounds for
further in vitro testing to approximately 80,000 compounds.
Virtual screening triggered the selection of four compounds
with ICso of 20 pM, and one compound at 4 pM; demonstrat-
ing that Arg305 and Lys339 permit large degrees of free-
dom, Lys319 and Arg322 present lower degrees of freedom,
and Lys309 and Arg312 present bimodal activity. These
studies demonstrate the value of in silico docking when en-
riching compounds for in vitro testing (Fig. 2¢).

In another study, Ren and coworkers (2016) [54] collect-
ed 144 inhibitors of VP35 (EBV) containing the same core
scaffolds. Applying virtual screening methodologies and
employing docking studies to predict pharmacophore, and a
3D QSAR models triggered identification of seven potential
inhibitors with novel scaffolds identified as new VP35 inhib-
itors. Interactions with Gln241, Lys248, Ilel95, I1le303,
Pro304 and Phe328 were essential for the activity (Fig. 2d).

Sulaiman (2018) [55] virtually screened docking and
ADME predictions for almost 36 million compounds based
on the VP35 structure. In total, 5 compounds with high re-
ceptor affinities were selected, of which compound A ap-
peared to be a potential lead compound, with interactions
that include interaction with Ala221 and I1e295; alkyl inter-
actions with Lys248, Val245 and Pro 293; hydrogen bonding
with GIn241 and Gln244; cation interaction with Lys248;
interaction with Ile295; amide stacked interaction with
Cys247; and alkyl interactions with Pro304, which could
further directing study (Fig. 2e).
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Fig. (2). Compounds presenting activity against Ebola virus VP33
a) amodiaquine; b) Chloroquine; ¢) ZINC5328460; d) CPD5; and
e) compound A.
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3.1.3. VP30

VP30 also acts in the formation of viral mRNAs. Due to
its homo-oligomerization function, VP30 is a potential target
for antiviral treatment [56]. The protein is about 30 kD in
size and presents phospho-proteins that shield the RNA in
the presence of zine [57] and is associated with the viral
RNA synthesis machinery [58]. Studies have also implicated
VP30 in regulation of co-transcriptional editing of viral gly-
coprotein mRNAs, and in re-initiation of viral transcription
[59].

Raj et al. (2016) [40] carried out predictive ADME prop-
erty studies and molecular docking with four Ebola virus
proteins VP40, VP35, VP30 and VP4 using flavonoid de-
rivatives to identify potential lead compounds. The screening
used 4500 compounds. Gossypetin and Taxifolin presented
the best docking scores and binding energies for the four
study proteins; superior to the study’s control drug
(BCX4430) (Fig. 3a-b).

Shah and coworkers (2015) [60] evaluated 56 compounds
anchored to the VP40, VP35 and VP24 proteins. As a result,
they found that the compounds Deslanoside and Digoxin had
the best interaction energy values with Asnl30 (acting as a
common residue in all compounds). Residues that could be
considered essential for activity were Asnl130 and GIn329
for VP35, and Serl51, Argl54, SerlS5 and Lys39 for VP24
(Fig. 3¢-d).

Setlur and coworkers (2016) [61] screened 150 herbal
compounds to identify their potential activity in the VP24,
VP30, VP35 and VP40 proteins using computational AD-
MET property studies and molecular docking. Limonin, Sa-
marcandin and Gummosin derivatives demonstrated high
affinity with the VP24 and VP35 enzymes, curcumin pre-
sented strong inhibition for VP30 (Fig. 3e-g).

3.1.4. VP40

One of the most abundant proteins in the viral bilayer;
VP40 is responsible for structural integrity, is formed in the
plasma membrane, and requires lipid raft micro-domains
[62]. It performs important viral roles involving the viral
RNA and the host cell [63]. Its structure is based on the con-
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nection of N-terminal and C-terminal domaing by residues of
up to 200 amino acids. The C-terminal domain of VP40 acts
as a potential target drug because of its role in membrane
association [64]. The N-terminal domain is responsible for
oligomerization of the protein. The C-terminal domain com-
prises a proline rich region conserved in the VP40 EBOV
receptor and ranges from 205-219 amino acids.

Mirza et al. (2016) [65] performed virtual screening of
145,329 natural products, evaluating the pharmacokinetic
properties of predicted metabolic sites and molecular dock-
ing against the VP35 and VP40 proteins. For molecular
docking, the best virtual hits were selected; with Lys251
being a critical residue for VP35, and Thrl23, Phel25 and
Argl34 being critical for VP40 (Fig. 4a).

E1l-Din (2016) [66] performed molecular docking to the
VP40 protein using the Lamarckian Genetic Algorithm with
1800 molecules drawn from the PubChem database based on
the structure of pyrimidine-2,4-dione. In total, 7 molecules
presented promising results against EBOV, with interactions
present at Argl34 and Asnl36, and according to Lipinsk's
rules they were nontoxic (Fig. 4b).

Abazari (2015) [67] analyzed a library containing
120,000 molecules for ADME properties and simulated po-
tential activity against the EBOV VP40 protein. In this virtu-
al screening, 10 compounds were selected that presented the
best profiles, and which resulted in 4 chemicals that could
bind VP40 subunits in a manner which (by steric interfer-
ence) condenses and prevents protein matrix oligomeriza-
tion. They are being considered as structural hits for anti-
Ebola treatment (Fig. 4¢).

Karthick (2016) [68] performed virtual screening of the
PLANTS package, an algorithm designed to efficiently rank
potential candidates and find a lead compound (against the
VP40 protein) based on docking scores, Lipinski rules, and
molecular dynamics simulations. The study showed that
emodin-8-beta-D-glucoside from the Traditional Chinese
Medicine Database (TCMD) qualifies as a lead candidate
with critical interaction residues at Phel25 and Argl34, and
interactions as an inhibitor of amino acids vital to viral repli-
cation (Fig. 4d).

Fig. (3). Compounds presenting activity against Ebola virus VP30. a) Gossypentin; b) Taxifolin; ¢) Deslanoside; d) Digoxin; e) Limonin; f)

Samarcandin; g) Gummosin.
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Further studies, based on the construction of VP40 pro-
tein inhibitors and to find possible alignments between them
were carried out by Patel (2013) [69]. The construction of
these models and docking studies performed with 1500 drug
compounds from the COPICAT server led to the selection of
4 ligands with potential anti-Ebola activity (Fig. de).

Skarivachan (2016) [70] studied the therapeutic potential
of metabolites extracted from bacteria associated with the
marine sponge {Cliona sp.) and tested against the Ebola virus
VP40 target. In virro studies, computational virtual screen-
ing, and molecular docking were used. In this study, the nat-
ural products Gymnastatin, Sorbicillactone, Marizomib and
Daryamide were found through molecular docking to possess
high protein energy affinity, with strong hydrogen interac-
tions at the residues Leu32, Glyl126, Lys127, Alal28 and
Phel35, suggesting their potential as lead molecules for nov-
el drugs (Fig. 41).

Tamilvanan and Iopper (2013) [71] applied ITigh
Throughput Virtual Screening and molecular docking studies
to the Traditional Chinese Medicine and Asinex compound
databases to find inhibitors against VP40. The Thrl23,
Phel25, Argl34 residues were found to be essential for bind-
ing to the protein, 10 compounds were identified as potent
inhibitors of the VP40 matrix protein (Fig. 4g).

Fig. (4). Compounds presenting activity against Ebola virus VP40.
a)  2-Oxo-N-(2-{4-((2-oxo-2H-chromen-3-yl)carbonyl)-1-pipera-
zinyl} ethyl)-2H-chromene-3-carboxamide; b) Pubchem416724; ¢)
compound A; d) Emodin-8-f-Glucoside; e} compound 1 (Patel,
2013); 1) Sorbicillactone A; g) ASNG3576800.

3.1.5. VP24

The EBV VP24 structural protein has been shown to in-
hibit host interferon (IFN) signaling [72], and also influence
transcription and replication in a region of the EBOV ge-
nome [73]. The role of the VP24 protein is not yet fully un-
derstood; however, it is known to act as a structural protein
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and may play a role in the virion assembly process. The
VP24 protein is expressed in a set with nucleoprotein (NP),
and VP35 [74].

Tambunan (2016) [75] virtually screened 2,020 natural
Indonesian products from various sources and carried out
analyses of their molecular and pharmacological characteris-
tics, Molecular docking simulations were also performed.
Cycloartocarpine presented the best potential for anti-Ebola
activity (Fig. Sa).

Tambunan er al. in 2018, [76] through in silico experi-
ments also identified other VP24 protein inhibitors. In their
study, 242,520 compounds were submitted to virtual screen-
ing based on pharmacological properties and molecular
docking analysis. The compounds, L833, L217 and L595
presented the best results; and compound 1595 was consid-
ered the most promising lead candidate for inhibiting Ebola
virus VP24 (Fig. Sb).

Sharmila and coworkers (2016) [77] evaluated the activi-
ty of andrographclide using molecular docking against three
Ebola virus proteins: VP40, VP35, and VP24, The high af-
finity of the compound for the three proteins of the study,
hydrogen bends and hydrophebic interactions between the
compound and the active site of the receptor were found to
be responsible for mediating the biological activity (Fig. Se¢).

Sharma (2017) [78] using amino acid sequence homolo-
gy generated a VP24 protein model and then anchored struc-
tural derivatives of Oseltamivir, (which is the first-line drug
used to treat Ebola hemorrhagic fevers). From the study, 20
new compounds were found that presented good scores and
are potential VP40 inhibitors (Fig. 5d).

Fig. (5). Compounds presenting activity against Ebola virus VP24,
a) Cycloartocalpin; b) L395; €) Andrographolide; d) Oseltamivir.

3.1.6. Nucleoprotein

The RNA genome of the Ebola virus exists in its encap-
sulated form because micleoprotein (NP) forms a ribonucle-
oprotein (RNP) complex together with RdRp [79]. RNA
serves as a co-packaged {(and RNA-dependent) RNA paoly-
merase complex (RdRp) transcribing mRNA of the viral
genome. After the virus enters the host cell via glycopro-
teins, RNP is released from the virion. The function of the
nucleocapsid is to protect ssRNAs from degradation [80].

Baikerikar (2017) [81], in molecular docking studies
demonstrated the potential activity of curcumin derivatives
against the VP40, VP30, VP35, GP and NP proteins of Ebo-
la. The derivative bisdemethoxycurcumin presented excel-
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lent binding affinity; with interactions at residues Prol31,
Alal28 and Prol65 for VP40; Thr335, Val294 and Leu249
for VP35; Ala246 and Phel81 for VP30; Argl54, Leul58
for VP24; Leu593 and Trp597 for Glycoprotein (GP). If tak-
en ag a separated group; (VP35, GP, and VP30); tetrahydro-
curcumin presented better binding affinity than curcumin.
The molecular docking performed for nucleoprotein present-
ed interactions at residues Arg559, Leu561, Phe630, Ala562
and Leu558. Curcumin binds to NP at residues required for
the formation of nucleocapsid structures and replication of
the viral genome, thus interrupting its activity (Fig. 6).

Fig. (6). Curcumin compounds present activity against Ebola virus
nucleoprotein.

4. HERPES DISEASE

Herpes simplex virus (HSV), affecting the lives of human
hosts through cold sores and genital herpes takes two forms:
that of herpes simplex virus type 1 (HSV-1), and herpes sim-
plex virus type 2 (HSV-2) [82]. After entering latency, HSV
remaing present at nerve ganglia and may emerge later to
cause a recurrent and active infection. Herpes viruses are
divided into three groups: o herpes viruses which include
herpes simplex virus types 1 and 2 and varicella-zoster virus;
B herpes viruses which include cytomegalovirus and human
herpes viruses 6 and 7; and y herpes viruses which include
Epstein-Barr virus and human herpes virus 8 [83].

HSV-1 causes an oropharyngeal infection, and is trans-
mitted primarily by non-genital contact. HSV-2 is almost
exclusively sexually transmitted, causing genital herpes,
which can cause ulcerative and vesicular lesions in adults
[84]. Ulceration of the genital area may evolve into transmis-
sion of the human immunodeficiency virus (HIV) [85].

In the United States HSV-2 is one of the most common
sexually transmitted diseases. Many more cases are recorded
in Africa (31.5%), followed by the Americas (14.4%), and
these exists a high prevalence in women [86]. HSV-2 ig
transmitted via exposure to the surface of the genital mucosa,
leading to latency in the sacral ganglia. Several studies have
explored treatments during pharmacological interventions,
and vaccines have been developed for Herpes Simplex Virus
Type 2 [87].

In many cases HSV is asymptomatic. However, when
symptoms do occur, small genital or anal blisters are often
characterized, and may include ulcers at the site of infection
with fevers, body aches, and swollen lymph glands [85].
Even if the disease is not lethal, the resurgence of the disease
can dramatically affect one’s life. To treat HSV, several
studies have reported the use of synthetic analogues, such as
the nucleosides acyclovir, valacyclovir, famcyclovir and
penciclovir [88]. Upon activation by viral thymidine kinase
these drugs inhibit the activity of viral DNA polymerase
[89]. However, if treatment is delayed until late in the infec-
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tious process or until after reactivation of the disease, it hin-
ders the effectiveness of the treatment, making cases of viral
resistance increasingly reported in compromised individuals

[90].

Kolb et al. (2017) [91] performed sequential analyses and
phylogenetic comparison of 6 HSV-2 isolates, determining
the existence of genomic mosaicism and 4 polymorphisms,
as well as low inter-strain diversity for HSV-2. Thus, signifi-
cantly improved anti-HSV agents with broad therapeutic
efficacy are being targeted by those in the field of drug re-
search.

4.1. Targets

HSV codes seven proteins that act in the replication and
propagation of the virus [92], they include helicase activity,
binding proteins, heterodimeric DNA polymerase, single-
stranded (ss) DNA-binding protein, and heterotrimeric hel-
icase-primase. However, for the development of inhibitors,
few receptors present sufficient capacity as targets [93].

4.1.1. Herpes Simplex Virus Type II Protease

Herpes Simplex Virus Type Il Protease is a homodimeric
structure comprised of a seven-stranded P -barrel structure
with seven o-helices. The active site of the protease is in a
shallow groove along the P -barrel surface [94]. For serine
proteases, the catalytic mechanism involves a serine nucleic
attack on the carbonyl carbon of the scissile bond of the sub-
strate, resulting in an enzyme-serine acyl intermediate await-
ing further hydrolysis [95].

Searching the literature, only one article on molecular
docking as applied to HSV type II; Arunkumar and Rajarajan
(2018) [96] evaluated the efficacy of compounds obtained
through Punica granatum by means of in vitro and in silico
studies of ADMET properties and HSV-2 protein targets
with molecular docking. The compound punicalagin present-
ed moderate absorption, low permeability, and low blood
brain barrier penetration. For viral protease, punicalagin pre-
sented hydrogen bond interactions with amino acids Argl57,
Ser131, Ser129, and Thr132, at the active site of the prote-
ase.

4.1.2. Regulator Complex gH/gL

Among the accessory proteins that act as HSV machinery
glycoproteins gB, gD, gH and gL, mediate membrane fusion
events for entry and virus-induced cell fusion. Deletion of
any of these four glycoproteins results in mutant virions that
cannot penetrate host cells [97]. Normally, activated forms
of gD interact with gH/gL to carryout virus-cell or cell-cell
fusion. However, the details of this path still remain un-
known [98]. The gH/gL heterodimeric complex acts as a
fusion component of all herpes viruses, being considered a
target of HSV neutralizing antibodies. In HSV-2 the gH pro-
tein contains 3 domains: An N-terminal domain that binds
gL, a central helical domain and a C-terminal j -sandwich
domain; the second and third domains are conserved in EBV
and HSV [99].

In the same article by Arunkumar and Rajarajan (2018)
[96] molecular docking with the same set of molecules as
potential inhibitors of the gH/gL complex was performed.
For the gH/gL herpes virus regulator complex, they found
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that punicalagin presented amino acid interactions at
Arg527, Trp634, Tyrd86, Leud21 and Gly420. This study,
using in vifro and in silico studies revealed good binding
results for punicalagin, potential evidence to be used in the
development of anti-HSV-2 compounds (Fig. 7).

Fig. (7). The compound Punicalagin; presents activity against the
Herpes virus Protease and Regulator Complex gH/gL.

5. HUMAN IMMUNODEFICIENCY VIRUS - HIV

Acquired immunodeficiency syndrome (AIDS) is caused
by chronic HIV infection and is responsible for a gradual
decrease in defense cells of the infected organism. According
to WHO, 36.9 million people worldwide are living with
HIV; of which in 2017, 59% were receiving treatment.

According to UNAIDS/WHO estimates, in 2017 children
under the age of 15 living with HIV numbered 1.8 million,
with an estimated 180,000 new cases of children last year.
More than 51% of adult HIV cases occurred in women in
2017.

Currently the infection is treatable. With treatment, the
infected individual can have a higher quality of life and con-
trol over the disease. However, to reduce the risk of trans-
mission and to inhibit contagion, certain actions are essen-
tial; such as condom use, not sharing needles, prenatal care,
and others.

5.1 Targets

Current HIV treatment is viewed mainly as inhibition of
three important proteins; protease (PR), integrase (IN) and
reverse transcriptase (RT). Due to HIV mutations and re-
sistance, as well as to the cytotoxicity of the drugs used for
treatment, many research groups are actively working to
develop and test new anti-HIV bioactive molecules [100,
101].

5.1.1. Enzyme Protease

Protease (PR) is an enzyme responsible for cleavage of
peptide bonds between proteins, thus activating or deactivat-
ing enzymes. Viral proteins are encoded in peptide chains,
and are cleaved by proteases. When viral proteins take on an
active conformation they contribute to viral multiplication
and proliferation triggering the infectious process.

Using PDB ID 1HXB [102], the authors sought to predict
its molecular affinity with HIV protease type 1; the study’s
prediction model obtained 98% accuracy. HIV protease type
1 is responsible for the cleavage of certain polyproteins pre-
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sent in HIV, this forms mature proteins that will spread
throughout the infected organism and lead to the develop-
ment of the chronic AIDS infection. The protease has now
caught the attention of the world's researchers. The same
target was used by Mohammdi ef af. [103] who studied 9
tetrahydropyridine derivatives (obtained using diastereose-
lective synthesis) which presented promising values against
HIV-1 protease. The results as compared to the inhibitor
saquinavir were good; where hydrogen bonds in common
with the standard drug were perceived for all of the deriva-
tives at the active site of the protease, highlighting residues
such as Gly27, Ile50, Val82, Gly48, Asp25 and Asp29.

Tong ef al. [104]| analyzed the interactions, relational
structures, and biological activities of 34 urea cycle deriva-
tives using a similarity index, the target was PDB 1ATV.
Carboxylic grouping of the molecules interacting with the
Asp25 amino acid residue was found to contribute signifi-
cantly to biological activity, as well as the hydrogen bond
involved.

Zondagh ef al. [105] performed molecular dynamics
simulations with HIV-1 (South African wild - Subtype C)
targeting PDB 3U71 protease (chosen for close homology
with N37T), to study the dynamics (20ns) of 3 anti-HIV bio-
actives: lopinavir, atazanavir, and darunavir. It was found
that HIV mutation had reduced susceptibility to these drugs.
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Fig. (8). 2D Structure of Polygonumins A.

A natural product which presents a combination of four
phenylpropanoid esters and a unit of sucrose was extracted
from the Malaysian Medicinal Plant; Polygonum minus (Per-
sicaria minor)[106]. Polygonumins A (Fig. 8) exhibits anti-
proliferative activity against human leukemia, human breast
adenocarcinoma, and colorectal cancer. In addition, study
results presented anti-HIV activity; moderately inhibiting the
protease PDB 30XC target by 56%, with an interaction en-
ergy in the range of -10.5 to -11.3 kecal/mol. This is the first
bioactive from this plant to be considered as protease inhibi-
tor for HIV-1.
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Fig. (9. 2D Strueture  of  N-(Adamantan-1-v1)-1.2.3.4-
tetra-hydro-ise-quinoline-2-carbo-thio-amide.

Studies [107] show that N-(Adamantan-1-y1)-1,2,34-
tetrahydroisoquinoline-2-carbothioamide (Fig. 9) may pre-
sent inhibitory activity against HIV-1 protease. Molecular
docking using the PDB 1EBY protein revealed the best ener-
gy of the calculated poses as -8.1 kcal/mol with significant
interactions at amino acid residues Alal28, Arg8, val82,
Pro81, Glyl48, Glyl49 and llel47, and a hydrogen bond
with residue Gly12. Many studies have focused on the ada-
mantane aggregation at the pharmacophore group of protease
inhibitors for HIV-1. For this study, Ghosh e al. [108]
(whose research discusses molecular docking) evaluated the
interaction between a number of synthetic compounds using
the adamantanyl group with PDB 3JFP, SJFU and 5JG1 pro-
leins as targets.

5.1.2. Enzyme Integrase

Integrase (IN) is responsible for integrating the viral
DNA into the host cell DNA. This process represents an ir-
reversible step in the cycle of viral reproduction, and once
integrated, the infected cell continues expression of the viral
gene.

Debnath ez al. [109] studied the potential pharmacologi-
cal effect of N-hydroxy-substituted 2-arylacetamide bioac-
tives against the HIV-1 integrase protein. The study high-
lighted 6 compounds with in vitro inhibition of greater than
50%. Molecular docking performed with the PDB 1S4
protein, revealed important integrations for anti-HIV activi-
ty, and hydrophobic and hydrogen bonding interactions with
amino acid residues Asnl55, Lys156 and Lys159 were ob-
served. Other studies with the same protein can be found in
the literature. Vyas ef af. [110] studied a data set of 71 com-
pounds derived from azoindol-hydroxamic, and azaindol-N-
methylhydroxamic acids, together with N-
hydroxydihydronaphthyridines collected from the literature.
In the molecular docking results, the residues important for
pharmacological action were Lys156, Lys159 and Gln148.

Using virtual screening, Chander e af. [111] concluded
that seven compounds from a database of 200,000 melecules
present inhibitory activity for both integrase and reverse
transcriptase. For the molecular docking studies, the PDB
30YA IN protein was used. The drug raltegravir was used as
a control. Important interactions for activity with residues
Tyr212, Pro214, Pro211, Prol61, Alal88, Try535, Pro537,
Ala538, Lys540 were discovered. This same integrase pro-
tein was studied by Faridoon ef af. [112] with a series of 4-
arylimino-3-hydroxybutanoic acid derivatives (Fig. 10); five
of which presented HIV-1 inhibitory activity. The control
drugs used were tegravir, elvitegravir and dolutegravir and
interactions with important residues for activity at: Glu221,
Aspl28 and Aspl8S were detected.

Monteire et al,
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Fig. (10). 2D Structure of 4-arylimino-3-hydroxybutanoic acid.

Zhang et al. [113] studied integrase inhibitory activity in
a series of 3-hydroxypicolinamides (Fig. 11) with the PDB
3LPU protein, In this study, residues lle365, Leul02,
Alal28, Alal29, Trp132, Thr174, Met178, Asp36, His171,
Nle365 , GInl68, Lys173, Met178, Leul02, Alal28, Alal29,
Trpl31 and Trp132 presented significance for anti-HIV ac-
tivity. The same protein was also used in a study by Panwar
& Singh [114] where 3 compounds studied showed promis-
ing integrase inhibitory activity.

o] OH

Fig. (11). 2D Structure of 3-hydroxypicolinamide.

Natural products with anti-IIIV pharmacological action
are also reported in the literature, Srivastav & Tiwari [115]
studied 26 coumarin derivative dockings (Fig. 12) (using
raltegravir as the control) with the PDB 3NF7 protein. The
molecules were subjected to a QSAR regression model with
Q2 = 0.8307. The interactions at Argl99, Leul358, Metl54,
Lys188, Val150, Argl99, Lys186 and Alal96 were shown to
be important for activity. Ericksen e «l. [116] has even used
molecular docking with the PDB 3NTF7 protein in a Machine
Learning Consensus Scoring study to evaluate software per-
formance.

Fig. (12). 2D Structurc of coumarin derivatives.
5.1.3. Reverse Transcriptase

RT also known as RNA-dependent DNA polymerase
synthesizes viral DNA molecules from the viral RNA pre-
sent in the virus; genetic material that becomes available for
incorporation into host cells.

Jin er al. [117] swmdied a new series of biphenyl-
substituted diarylpyrimidines (Fig. 13a) against wild type
and mutant HIV reverse transcriptase, aiming to inhibit its
activity. Of twenty-two {22) ligand-receptor interactions
calculated through molecular docking with the PDB 2ZD1
protein, five presented high potency with ECsg, of less than 2
nM. Maruti & Dhawale [118] also performed a study with 24
derivative malonamide compounds (Fig. 13b) analyzing in
silico molecular docking of ligand-receplor interactions
against reverse transcriptase with the PDB 2ZD1 protein.
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The study revealed the contribution of interactions at amino
acid residues Asp64, Aspll6, Leul00, Tyrl8, Trp229,
Vall06, Vall79 and Phe227.

Fig. (13). 2D Structures of a) biphenyl-substituted diarylpyrim-
idines, and b) malonamide derivatives.

Liu et al. [119] analyzed the interactions of 52 diarylpy-
rimidine analogues (DAPYs) using molecular docking for
the PDB 3MEC protein; indicating a contribution of the phe-
nyl ring at the C4 position of the pyrimidine ring that pre-
sented better results than cycloalkanes. The authors pointed
out certain amino acid residues which are important for HIV-
1 reverse transcriptase inhibitory action: Lys 101, Tyr318,
Tyr232, Phe 227, Trp239, Trp229, Pro225, Pro226, Met230,
Tle94, and Vall89, Leul00, Lys103, Vall79, Gly190,
Leu234, His235, Tyr188, Tyr181, and Trp229. The same
protein is found in many chemoinformatic studies [120-122].

Samanta & Das [123] studied reverse transcriptase inhi-
bition in certain di-ether catechols, performing molecular
docking for the PDB: 4H4M, 4RW4, 4ARW6, 4RW7, 4RWE
and 4RW9 proteins in differing in silico modeling software
showing significant interactions with residues Lysl103,
Val106, Asnl03, Pro236, Vall79, Tyr181, Leul00, Leu234,
Pro95, Lys102, Tyr188 and Trp229. These PDB proteins are
found in other works [124]. including Monforte et al [125]
who  performed molecular docking of Nl-aryl-2-
arylthioacetamido-benzimidazole derivatives with the PDB
3DLG protein using the drugs nevirapine and efavirenz. Two
compounds with promising anti-HIV profiles were high-

lighted.

Cabrera et al. [126] developed a double inhibition study
with molecular modeling of 320 quinoline derivatives (Fig.
14} for reverse transcriptase and integrase using the PDB:
2BAN, 2B5J and 3L2U proteins. In conclusion, 4 structures
presented the possibility of having binary pharmacological
activities, with interactions similar to the drug elvitegravir
and important interactions with amino acid residues: Pro236
or Lys103.

AN
=

N

Fig. (14). 2D Structure of quinoline.

Tang ef al. [127] synthesized and modeled 2-
hydroxyisoquinoline-1,3-dione derivatives. Two of which
(Fig. 15) presented potent and selective inhibition of HIV-1
reverse transcriptase-associated RNase H in molecular dock-
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ing studies, with affinities for the Arg448, Lys63, Arg72,
GInl151, Asnl03, Tyr188, Tyrl81, and Trp229 residues in
PDB: 3LP1 and 1RTD proteins.

Fig. (15). 2D structures of the most potent and selective bioactives
against the PDB: 3LP1 and 1RTD proteins.

6. HEPATITIS C VIRUS

In Babylon, more than 2,500 years ago, reports of jaun-
dice (yellowing of the skin) have been found. Around 400
a.C the greek physician named Hipocrates characterized
jaundice as being an infectious disease whose origin was in
liver-related problems [128-131].

Bianch JB was the first to use the term "hepatitis”, pub-
lishing in 1725 with his work titled as Historia hepatica
without theoria el praxis omnius morborum hepatitis et bilis.
Hepatitis is an infectious disease caused by viruses, which
when reaching a chronic state causing cirrhosis, it is advisa-
ble to transplant the liver, when starting the treatment the
patient is advised not to ingest alcoholic beverages and not to
consume toxic foods to the liver [132-136].

The hepatitis virus attacks hepatocyte cells (which pro-
duce proteins) in the liver, once infected, the virus binds to
the hepatocytes {cells found in the liver) through the proteins
of its viral envelope crossing the cellular cytoplasm and los-
ing its capsid upon entering the nucleus, in which the poly-
merase present in the cellular medium biosynthesizes the
viral genetic material [137-140].

In 1970 Harvey J. Alter through an investigation realized
that most cases of hepatitis did not correspond to the types A
and B, but only in 2000 through the scientists Alter and
Houghton that gained the premo Lasker that the virus of
Hepatitis C happened to be known. According to the WHO,
an estimated 71 million people are infected with hepatitis C
worldwide, of which almost 400,000 die each vear. Treat-
ments with current medications can achieve 95% cure, yet
according to estimates about 30% of those infected develop
liver cirrhosis within 20 years after infection.

6.1. Targets
6.1.1. Inhibition of ns5b

NS3B is an RNA polymerase protein present in hepatitis
C virus, with which the virus can multiply itself by replicat-
ing its RNA, using viral RNA as a template during its repli-
cation. Inhibition can occur basically by three chemical
agents: nucleoside inhibitors, non-nucleoside allosteric in-
hibitors and pyrophosphate analogues. As drugs widely used
as inhibitors of BS5B we have sofosbuvir and ledipasvir
(Fig. 16).
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Fig. (16). 2D structures of NS5B inhibitory drugs. a) sofoshuvir
and b) ledipasvir.

Patel et al. [141] studied the inhibitory action of NS3B
by 67 benzoimidazole heterocyclic compounds through
QSAR 3D studies and molecular anchoring using PDB 1D
2DXS for action against Hepatitis C virus (HCV), as a con-
clusion compound 22 (Fig. 17) presented a better antiviral
profile in the fight against hepatitis. with pICs;, equal 10 2.10.
This same protein is present in some computational chemis-
try studies such as Vani et al. [142] using 65 compounds
selected through the ADMET properties of 89 compounds
selected from the platform online PubChem NCBI
(https://pubchem. ncbi.nlm.nih.gov), estes compostos foram
submetidos a docking molecular usando o soltware IGEM
dock (http:// gemdock. life.nctu.edu.tw/dock/igemdock.php)
presenting good anchorage results with the protein, of which
4 presented better results:  daidzin, ononin, colecoxib,
rofecoxib.

HH

FFig. (17). 2D structures of the compound with the best result in the
study of Patel et al. [141].

Other heterocyclic compounds can be readily found in
studies proposing candidates for anti-HCV drugs, for exam-
ple benzothiadiazine derivatives, which is a compound with
two rings containing two nitrogen atoms and one sulfur atom
(Fig. 18a). Wang et gl [143] developed mock-chemistry
studies using 3D QSAR, molccular docking and molecular
dynamics with 239 benzothiadiazinic compounds, in this
study molecular anchoring was performed using the PDB ID
3H98 protein using SYBYL 6.9 exhibiting important interac-
tions with amino acid residues Glud46, Gly449, Asn291 and
Asp318. Anithaa et of. [144] carried out a QSAR and molec-
ular docking study of 52 1,1-Dioxo-2H-benzothiadiazine

Monteiro et al

compounds acting against HCV, this study pointed out that
the increase of hydrogen donors and acceptors and hydro-
phobic groups in some regions of these benzothiadiazines
proved to be potentiators of antiviral activity.

Natural products are also studied for antiviral action
against hepatitis C. as an example it is possible to point out
the study of Liu er al. [145] which addresses the possibility
of using flavonoids in hepatitis treatment through a pharma-
cophoric research combined with molecular docking using
the PDB ID 1C2P protein and 39 flavonoids through GOLD
software of which 20 of these compounds showed EC 50 uM
results, two which have a natural occurrence: apigenin and
luteolin (Fig. 18b-c).

a2

Fig. (18). General structure of a) benzothiadiazine, b) apigenin and
¢) luteolin.

6.1.2. Inhihition of Other Targets

Protease is also a therapeutic target widely studied by re-
searchers seeking new drugs lor Hepalitis C, because it is a
peptide cleavage enzyme and plays a key role in cell life and
HCV proteases such as N$2, NS3, NS44, NS4B, NSSA and
NS5B [146-148].

Bailey er al. [149] developed a swudy with 27 2,4-
disubstituted thiazole substituted for evaluation, in this study
a molecular docking study was developed to understand the
interactions between amino acid residues that contribute sig-
nificantly to activily against Hepatitis C, thus, this study
concludes that the Asp81, His57 and Tyr56 residues are pre-
sent in the ligand-receptor interaction region. The biological
results through the IC 50 validated the in sifico results, ob-
taining as a result the possibility of using these triazoles as a
good therapeutic alternative in the fight against HCV, the
example of which is in compound 11 of that study that pre-
sented ICsy — 0.74nm (Fig. 19a).

Fig. (19). Structure 2> a) of the compound with the lowest inhibi-
tory concentration [149] and b (+)-usnic acid.
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Wei ef al. [150] studied the antiviral action of 8 com-
pounds present in the organic extract with ethyl acetate from
the plant Daphne papyracea, According to their study, these
compounds showed an inhibitory effect of NS3 / NS4A pro-
tease, among the results (+)-usnic acid (Fig. 19b) presented
better results. Plants, as well as their natural products, are
widely studied as a source of HCV bioactives, as in the in
silico Ashfaq et al. [151] which consists of the molecular
docking of phytochemical components of Azadirachta indica
leaves with the objective of identifying potential inhibitors of
hepatitis C NS83, in this study, the 3-Deacetyl-3-cinnamoyl-
azadirachtin compound presented a better antiviral profile
interacting with the residne GIn326.

A survey of Shaw et al. [152] consisted of the virtual
screening of 12 compounds available from ChemBridge
Corporation, KeyOrganics, Sigma Aldrich and MedChem
Express, which were subjected to molecular docking using
the PDB ID 2IIDO protein, in order to track new NS2 inhibi-
tors, as validation of the in silico method through in viire
test, as conclusion of this study it is shown that compound
160 (Fig. 20a) presented good results against the inhibitory
action of the NS3 protease, as well as its derivatives 160-1
(Fig. 20b) and 160-2 (Fig. 20¢).

> M

it

Fig. (20). 2D Structure of Shaw er al. [152]. a) compound 160, b)
compound 160-1 and ¢) compound 160-2.

The PDB ID 2HDO target was also used in other studies,
an example was the search for Lulu ef al [153] which con-
sisted in verifying by molecular docking the possibility of
inhibitory action of Hepatitis C NS2 using AutoDock4.2
proving the potential anti-hepatic action of naringenin and
quercetin,

In addition to the proteases, inhibition of protein targets
present in viral envelopes are also studied as possibilities in
the rational planning of new drugs in the fight against hepati-
tis C, some studies regard proteins El and E2 as promising
examples. Uddin ef al. [154] performed the molecular mod-
eling using benzoimidazole B with the objective of inhibit-
ing the E1 viral envelope protein, in this study included mo-
lecular docking between these compounds and the protein
PDB 1> IMBN, through the computational data obtained in
their research, the authors realized the possibility of using
this azolic as a bioactive against hepatitis C Another example
of a study involving envelope proteins is the Hung er ol
[155] in which the use of berberine as a molecule with anti-
HCV action, in its study the results of molecular docking
using 4UOI and 4MWF proteins were validated with the
tests in vitro.

CONCLUSION

This review addressed sexually transmitted diseases;
chronic infections that afflict people from all over the world
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regardless of sex, class, or financial means which are caused
by viruses and maintain certain protein targets. These diseas-
es constitute a public health concern, and new bioactives
have been emerging that may reduce cases of resistance and
avoid the cytotoxicity of existing drugs.

Computational chemistry, when included in pharmacen-
tical and medicinal chemistry provides a tool for rational
drug screening and planning. Molecular docking; the study
of ligand-receptor interactions contributed to all of the stud-
ies presented. The objective is to understand structural con-
tributions and interactions involved in inhibiting the activity
of target proteins which are necessary to serious pathologies

such as Ebola, IIIV and herpes.

In this study, our purpose was to inform as to the nature
and/or class of the compounds reviewed together with their
targets in in silico studies, so that new research may emerge
through appropriating this knowledge towards the develop-
ment of new drugs.
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widely reported in the literature, viral sexual dizeases have been increasing in a number of cases
globally. Thiz emphasizes the need for prevention and reatment. Among the methods widely used in
dmug planning are Computer- Aided Drug Design (CADD) studies and molecular docking which have
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three -dimensional structural characteristics of the compounds, This review will discuss molecular
docking sudies applied to vimal STDs, such a3 Ebola virus, Herpes virus and HIV, and revesl promis-
ing new drug candidates with high levek of specificity to their respective targets.
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1. INTRODUCTION

Sexually Transmitted Diseases (STDs) are syndromes
and infections caused by pathogens that have been acquired
or transmitted through sexual activity. STDs are part of the
global disease burden. STDs, as comnected to afflicted indi-
viduals genemlly present high emotional costs and social
stigma, as well as economic burdens on the affected mdivid-
uals and the healthcare system [1]. STDs affect men and
women of all backgrounds, imespective of their economic
status [2] They can be acquired and transmitted through
unsafie sexual practices and from various pathogens, includ-
ing hacteria, fungi, viruses and parasites,

WHO estimates that about 1 million sexvally tansmi ted
diseases (STDs) are acquired every day worldwide through
sexual contact alone, and involve more than 30 different
types of bacteria, viruses, and parasites; among these infec-
tions, we will highlight 3 incurable viral infections: herpes
gimplex virus (HSV or herpes), HIV, and Ebola virus (EVD)
[3].

Transmission of these diseases can be reduced through
prevention, as in comprehensive sexuality education and safe
sex/risk-reduction counseling [4]. Symptoms can generally
be reduced or modified through treatment. Yet though antivi-
rals can modulate the coune of the disease, they do not cure
definitively [3].

* Address comespandences i this author at the Health Scences Center, Fead-
eral University of Paraibs, Campas 1, 58051970, JoSo Pessoa.PB, Braxil;
Fax 55-§3-3291-1528; E-mail lucians, scotti @gmail com
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Many guidelines have been formulated to help fight
STDs, emphasizing treatment, prevention strategies, and
other recommendations. Such documents include the CDCs
Semally Transmitted Diseases Treatment Guidehnes, 2010
[5]. which is often applied in areas that treat patients at risk
for STDs.

The need for efforts to control, eliminate, and emdicate
STDs has increased in the recent years, both in more effi-
cient health systems and particularly in the design of more
potent drugs that attenuate or cure the disease, Often men-
tioned, molecular docking is a well-accepted tool in the field
of dug discovery and is based on the analysis of small mole-
cule-protein intemcbons, similar to drog-receptor models
found in medicinal chemistry [6].

This article provides an overview of sexually tansmitted
disenses, including the most common viral infections that
compmmise sexual health, and of molecular docking as ap-
phied to protein targets, through comparison of prototypes as
reported in the literature to their respective drog standards,

1. DOCKING APPROACHES

In the area of molecular modeling, docking fits as a
method of predicting the possible orientation of a molecule
relative to a second molecule, forming a stable complex [7].
Therefore, docking has been useful in predicting the mtensity
of the type of signal transduction produced by various bio-
logically relevant proteins.

2019 Bentham Science Publishers
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Currently, there has been a frequent use of molecular
docking in the planning and discovery of drug candidates by
their coupling in the protein targets, being able to predict the
orientation of the ligand when it is bound to a protein recep-
tor or enzyme using shape, H-bond and electrostatic interac-
tions to quantify it [8]. In this type of orientation the binding
affinity between the two molecules can be observed by cal-
culating scoring functions [9, 10], which represents potenti-
ality of binding.

In the last decades, the number of docking tools and pro-
grams have been developed for academic and commercial,
like FlexX [11], GOLD [12], AutoDock [13, 14], DOCK,
Cdocker and LigandFit [15], Surflex [16], MCDock, FRED
[17], Glide [18], AutoDock Vina [19], MOE-Dock [20], Le-
Dock [21] Dock [22], among others. The strategies of posi-
tioning of the binder differ for each software used, varying
with the use of predictive algorithms such as genetic algo-
rithms (GOLD), systematic technique (Glide) and Monte
Carlo simulation (LigandFit).

In the study by Wang er al. (2016) [23] the accuracy of
the AutoDock Vina, GOLD and MOE-Dock programs was
observed, possessing the abilities in producing the correct
binding mode of a ligand. However, interactions between
small molecules and receptors still depend on experimental
methods, since current anchoring methods do not simulate
solvent effects, entropic effects, and protonation stages of
residues in the active site. The accelerated rhythm of re-
search in this field has been very usual in several fields of
research and can be approached more accurately in the near
future.

3. EBOLA VIRUS DISEASE

The agent that causes Ebola Virus Disease (EVD) is an
RNA virus belonging to the Filoviridae family and Ebo-
lavirus genus. There are currently about five different Ebo-
lavirus strains, the species Zaire ebolavirus (EBOV), Sudan
ebolavirus (SUDV), Tai Forest ebolavirus (TAFV), Bun-
dibugyo ebolavirus (BDBV) and Reston ebolavirus
(RESTV). EBOV occurs in a higher proportion [24] for be-
ing the most lethal of the five strains [25]; and RESTV is not
pathogenic for humans.

The World Health Organization (WHO) reported the in-
cidence of Ebola as epidemic and as a public health emer-
gency in 2014, registering a total of 6,553 new cases, with
3,083 deaths. These increasing levels have been aggravated
by economic, and sociocultural factors, as well as by delays
in identification of the disease, which involve lack of sup-
plies to control the infection, a shortage of healthcare profes-
sionals in the affected localities and the absence of epidemio-
logical surveillance to identify new cases [26].

In the Congo, Ebola birth rates have reached an incidence
of up to 90%. The incubation period ranges from 2 to 21
days, with symptoms ranging from fever, weakness, vomit-
ing, diarrhea, headache, and throat pain, to internal and ex-
ternal hemorrhages with multiple dysfunctions [27]. Infec-
tions can occur as caused by infected hosts, such as non-
human primates; by direct contact between humans through
body fluids or contaminated surfaces [28]; by manipulation
of the bodies of deceased [29] with high viral loads present-
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ing transmission through direct contact in cases of unsafe
burials; and among health workers who are not fully protect-
ed. A fourth point of transmission can occur through sexual
intercourse, skin-to-skin contact, and body secretions. Stud-
ies have reported the presence of the virus in vaginal, rectal,
and seminal fluids [30], and in some cases the presence of
the virus in semen samples has been reported after 157 days.

The persistence of EBOV, particularly in the semen of
male survivors, raises the risks of sexual transmission [31].
Previously, EVD survivors had been advised to practice sex-
ual abstinence or to use a condom during sexual activity until
3 months after recovery. These recommendations were based
on EBOV detection results from semen samples obtained
from eight survivors of EVD and/or Marburg virus disease in
prior epidemics. The longest period that the infectious virus
was detected in the semen after the onset of symptoms was
82 days [32].

Subsequent investigations revealed EBOV RNA in a sur-
vivor's semen at 199 days after the onset of symptoms; the
genetic sequence coincided with the sample obtained from
the patient of the case [33]. Although no infectious virus has
been detected in such semen specimens; the possibility re-
mains that infectious EBOV could persist in the semen of the
survivor for up to 6 months after the onset of symptoms.
This led the WHO and the Center for Disease Control (CDC)
to revise their guidelines as to the time that survivors should
practice safe sex through sexual abstinence or in particular,
with the use of condoms [28, 34].

Mate et al. (2015) [35] demonstrated sexual transmission
from a male EVD survivor to his partner after 179 days of
the disease. The assembled blood and semen genomes con-
firmed direct sexual transmission, and presented three substi-
tutions that were not present in other EVD sequences of
West Africa.

Despite occasional reports of Ebola virus RNA in pa-
tients without evidence of sexual transmission, the sugges-
tion that there are theoretical reasons to consider sexual
transmission of the contagion has maintained relevance. Be-
cause of the potential risk, EVD survivors need to abstain
from sex, or use condoms for up to 3 months after the dis-
ease’s onset [36]. There is also a need to provide guidance to
patients and health agents on the subject. Genomic surveil-
lance, as used to elucidate viral origin and transmission [37],
may well help to determine the relevance of sexual transmis-
sion and its role. All the while, no drugs or vaccines are yet
available to cure EBOV.

3.1. Targets

Genetic studies are being used to identify better measures
against the disease. The EBOV RNA genome encodes seven
polypeptides, including glycoprotein (GP), nucleoprotein
(NP), RNA-dependent RNA polymerase (L), and viral pro-
teins VP35, VP30, VP40 and VP24 [38, 39]. Study of these
targets serves to understand their functions and promotes the
development of potential drug inhibitors [40]. Studies that
address structure-based drug design include the 3D structure
of the proteins in docking studies with individual small mol-
ecules. Such studies calculate docking scores and binding
energies, and identify lead compounds which present the
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properties and appropriate profiles needed for clinical devel-
opment [41]. In this review, molecular docking studies in
EVD proteins to develop potential inhibitors for the disease
will be reported.

3.1.1. Glycoprotein

Infection with EBOV initiates through fusion between
the host cell membrane and the viral glycoprotein (GP)
membrane [42]. The GP is formed by a trimer of three disul-
fide-linked GP1-GP2 heterodimers which are produced dur-
ing virus assembly through proteolytic cleavage of the GPO
precursor polypeptide [43]. The process occurs via the GP1
subunit, which mediates adhesion to host cells, while the
GP2 subunit carries out membrane fusion [44]. Similar fu-
sion processes are observed in other viruses, such as the pro-
tein envelope (Env) of the human immunodeficiency virus
(HIV), and hemagglutinin (HA) of the influenza virus [45].

EBOV GP is a principal target for designing vaccines and
inhibitors [46]. The virus enters the cell through receptor-
mediated endocytosis through clathrin-coated pits and caveo-
lae, followed by actin and microtubule-dependent transport
to the endosome, where GP is further processed by endoso-
mal cathepsins [47].

In molecular docking studies developed by Ahmad et al.
(2017) [48] to simulate their constructed models; 5 strong
interactions between the glycoprotein and inhibitors derived
from dronedarone, amiodarone, and benzofurano were ob-
served. A good score and interaction affinity with residues
Argl64 and Alal09 were respectively observed in portions
of the arene-arene interaction with benzene ring, and with
the hydrogen atom of the hydroxyl group (Fig. 1a).

In studies of ADMET properties and molecular docking
with the Ebola virus glycoprotein another in sifico study [49]
demonstrated potential antiviral drug activities for Fostem-
savir and 20 Vicriviroc analogues. The drug screen selected
molecules which presented considerable binding energies.
One of the analogues, AC1LA8DY, formed bonds with the
target protein and interacted with the Thr217, Thr223,
Asn257, Thr216, Glu258, and Alal14 residues (Fig. 1b).
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Fig. (1). Compounds presenting activity against Ebola virus glyco-
protein a) Amiodarone; b) ACILASDY.

3.1.2. VP35

The Ebola VP35 protein has become a strong target can-
didate; it acts as a component of the viral RNA polymerase
complex. Its activity hinders host interferon (IFN) produc-
tion, and is vital to the virulence of the Ebola virus. Studies
have reported that dsSRNA-binding when focused on Arg312
has a high conservation rate and can be considered as a cru-
cial factor for the virulence of EBOV [50]. Reynard and
coworkers (2011) [51] reported that disruption of the VP35
protein leads to reduced viral amplification and mortality
rates in rats, it is considered a target in the development of
drugs against the Ebola virus.
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Molecular docking studies for VP35 have been devel-
oped by several research groups. In studies carried out by
Ekins et al. (2014) [52] molecular docking studies were per-
formed using the inhibitors amodiaquine, chloroquine, clom-
iphene and toremifene. From the pharmacophoric character-
istics of compounds with VP35 structures, it was observed
that amodiaquine and chloroquine presented the best scores
for the protein, with residues Lys248, 11e295, and Gln244
being essential for the activity (Figs. 2a-b).

Glanzer (2016) [53] employed molecular docking with
the VP35 structure to enrich a population of compounds for
further in vitro testing to approximately 80,000 compounds.
Virtual screening triggered the selection of four compounds
with ICsg of 20 uM, and one compound at 4 uM; demonstrat-
ing that Arg305 and Lys339 permit large degrees of free-
dom, Lys319 and Arg322 present lower degrees of freedom,
and Lys309 and Arg312 present bimodal activity. These
studies demonstrate the value of in silico docking when en-
riching compounds for in vitro testing (Fig. 2¢).

In another study, Ren and coworkers (2016) [54] collect-
ed 144 inhibitors of VP35 (EBV) containing the same core
scaffolds. Applying virtual screening methodologies and
employing docking studies to predict pharmacophore, and a
3D QSAR models triggered identification of seven potential
inhibitors with novel scaffolds identified as new VP35 inhib-
itors. Interactions with GIn241, Lys248, Ilel195, Ile303,
Pro304 and Phe328 were essential for the activity (Fig. 2d).

Sulaiman (2018) [55] virtually screened docking and
ADME predictions for almost 36 million compounds based
on the VP35 structure. In total, 5 compounds with high re-
ceptor affinities were selected, of which compound A ap-
peared to be a potential lead compound, with interactions
that include interaction with Ala221 and 11e295; alkyl inter-
actions with Lys248, Val245 and Pro 293; hydrogen bonding
with GIn241 and GIn244; cation interaction with Lys248;
interaction with [le295; amide stacked interaction with
Cys247; and alkyl interactions with Pro304, which could
further directing study (Fig. 2e).

R S

Fig. (2). Compounds presenting activity against Ebola virus VP35
a) amodiaquine; b) Chloroquine; ¢) ZINC5328460; d) CPDS5; and
¢) compound A.
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3.1.3. VP30

VP30 also acts in the formation of viral mRNAs. Due to
its homo-oligomerization function, VP30 is a potential target
for antiviral treatment [56]. The protein is about 30 kD in
size and presents phospho-proteins that shield the RNA in
the presence of zinc [57] and is associated with the viral
RNA synthesis machinery [58]. Studies have also implicated
VP30 in regulation of co-transcriptional editing of viral gly-
coprotein mRNAs, and in re-initiation of viral transcription
[59].

Raj et al. (2016) [40] carried out predictive ADME prop-
erty studies and molecular docking with four Ebola virus
proteins VP40, VP35, VP30 and VP4 using flavonoid de-
rivatives to identify potential lead compounds. The screening
used 4500 compounds. Gossypetin and Taxifolin presented
the best docking scores and binding energies for the four
study proteins; superior to the study’s control drug
(BCX4430) (Fig. 3a-b).

Shah and coworkers (2015) [60] evaluated 56 compounds
anchored to the VP40, VP35 and VP24 proteins. As a result,
they found that the compounds Deslanoside and Digoxin had
the best interaction energy values with Asnl30 (acting as a
common residue in all compounds). Residues that could be
considered essential for activity were Asn130 and GIn329
for VP35, and Serl51, Argl54, Serl5S5 and Lys39 for VP24
(Fig. 3¢-d).

Setlur and coworkers (2016) [61] screened 150 herbal
compounds to identify their potential activity in the VP24,
VP30, VP35 and VP40 proteins using computational AD-
MET property studies and molecular docking. Limonin, Sa-
marcandin and Gummosin derivatives demonstrated high
affinity with the VP24 and VP35 enzymes, curcumin pre-
sented strong inhibition for VP30 (Fig. 3e-g).

3.1.4. VP40

One of the most abundant proteins in the viral bilayer;
VP40 is responsible for structural integrity, is formed in the
plasma membrane, and requires lipid raft micro-domains
[62]. It performs important viral roles involving the viral
RNA and the host cell [63]. Its structure is based on the con-
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nection of N-terminal and C-terminal domains by residues of
up to 200 amino acids. The C-terminal domain of VP40 acts
as a potential target drug because of its role in membrane
association [64]. The N-terminal domain is responsible for
oligomerization of the protein. The C-terminal domain com-
prises a proline rich region conserved in the VP40 EBOV
receptor and ranges from 205-219 amino acids.

Mirza et al. (2016) [65] performed virtual screening of
145,329 natural products, evaluating the pharmacokinetic
properties of predicted metabolic sites and molecular dock-
ing against the VP35 and VP40 proteins. For molecular
docking, the best virtual hits were selected; with Lys251
being a critical residue for VP35, and Thr123, Phel25 and
Arg134 being critical for VP40 (Fig. 4a).

El-Din (2016) [66] performed molecular docking to the
VP40 protein using the Lamarckian Genetic Algorithm with
1800 molecules drawn from the PubChem database based on
the structure of pyrimidine-2,4-dione. In total, 7 molecules
presented promising results against EBOV, with interactions
present at Argl34 and Asnl36, and according to Lipinsk's
rules they were nontoxic (Fig. 4b).

Abazari (2015) [67] analyzed a library containing
120,000 molecules for ADME properties and simulated po-
tential activity against the EBOV VP40 protein. In this virtu-
al screening, 10 compounds were selected that presented the
best profiles, and which resulted in 4 chemicals that could
bind VP40 subunits in a manner which (by steric interfer-
ence) condenses and prevents protein matrix oligomeriza-
tion. They are being considered as structural hits for anti-
Ebola treatment (Fig. 4¢).

Karthick (2016) [68] performed virtual screening of the
PLANTS package, an algorithm designed to efficiently rank
potential candidates and find a lead compound (against the
VP40 protein) based on docking scores, Lipinski rules, and
molecular dynamics simulations. The study showed that
emodin-8-beta-D-glucoside from the Traditional Chinese
Medicine Database (TCMD) qualifies as a lead candidate
with critical interaction residues at Phel25 and Argl34, and
interactions as an inhibitor of amino acids vital to viral repli-
cation (Fig. 4d).
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Fig. (3). Compounds presenting activity against Ebola virus VP30. a) Gossypentin; b) Taxifolin; ¢) Deslanoside; d) Digoxin; e) Limonin; f)

Samarcandin; g) Gummosin.
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Further studies, based on the construction of VP40 pro-
tein inhibitors and to find possible alignments between them
were carried out by Patel (2013) [69]. The construction of
these models and docking studies performed with 1500 drug
compounds from the COPICAT server led to the selection of
4 ligands with potential anti-Ebola activity (Fig. 4e).

Skarivachan (2016) [70] studied the therapeutic potential
of metabolites extracted from bacteria associated with the
marine sponge (Cliona sp.) and tested against the Ebola virus
VP40 target. In virro studies, computational virtual screen-
ing, and molecular docking were used. In this study, the nat-
ural products Gymnastatin, Sorbicillactone, Marizomib and
Daryamide were found through molecular docking to possess
high protein energy affinity, with strong hydrogen interac-
tions at the residues Leu32, Gly126, Lys127, Alal28 and
Phel35, suggesting their potential as lead molecules for nov-
el drugs (Fig. 4f).

Tamilvanan and Hopper (2013) [71] applied High
Throughput Virtual Screening and molecular docking studies
to the Traditional Chinese Medicine and Asinex compound
databases to find inhibitors against VP40. The Thr123,
Phel2S, Arg134 residues were found to be essential for bind-
ing to the protein, 10 compounds were identified as potent
inhibitors of the VP40 matrix protein (Fig. 4g).

OYYY

Fig. (4). Compounds presenting activity against Ebola virus VP40.
a)  2-Oxo0-N-(2-{4-((2-oxo0-2H-chromen-3-yl)carbonyl)-1-pipera-
zinyl} ethyl)-2H-chromene-3-carboxamide; b) Pubchem416724; c)
compound A; d) Emodin-8-B-Glucoside; e) compound 1 (Patel,
2013); f) Sorbicillactone A; g} ASN03576800.

3.1.5. VP24

The EBV VP24 structural protein has been shown to in-
hibit host interferon (IFN) signaling [72], and also influence
transcription and replication in a region of the EBOV ge-
nome [73]. The role of the VP24 protein is not yet fully un-
derstood; however, it is known to act as a structural protein
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and may play a role in the virion assembly process. The
VP24 protein is expressed in a set with nucleoprotein (NP),
and VP35 [74].

Tambunan (2016) [75] virtually screened 2,020 natural
Indonesian products from various sources and carried out
analyses of their molecular and pharmacological characteris-
tics, Molecular docking simulations were also performed.
Cycloartocarpine presented the best potential for anti-Ebola
activity (Fig. Sa).

Tambunan ez al. in 2018, [76] through in silico experi-
ments also identified other VP24 protein inhibitors. In their
study, 242,520 compounds were submitted to virtual screen-
ing based on pharmacological properties and molecular
docking analysis. The compounds, L833, 1.217 and L595
presented the best results: and compound L595 was consid-
ered the most promising lead candidate for inhibiting Ebola
virus VP24 (Fig. 5b).

Sharmila and coworkers (2016) [77] evaluated the activi-
ty of andrographolide using molecular docking against three
Ebola virus proteins: VP40, VP35, and VP24. The high af-
finity of the compound for the three proteins of the study,
hydrogen bonds and hydrophobic interactions between the
compound and the active site of the receptor were found to
be responsible for mediating the biological activity (Fig. Sc).

Sharma (2017) [78] using amino acid sequence homolo-
gy generated a VP24 protein model and then anchored struc-
tural derivatives of Oseltamivir, (which is the first-line drug
used to treat Ebola hemorrhagic fevers). From the study, 20
new compounds were found that presented good scores and
are potential VP40 inhibitors (Fig. 5d).

Cy
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Fig. (5). Compounds presenting activity against Ebola virus VP24.
a) Cycloartocalpin; b) L595; ¢) Andrographolide; d) Oseltamivir.
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3.1.6. Nucleoprotein

The RNA genome of the Ebola virus exists in its encap-
sulated form because nucleoprotein (NP) forms a ribonucle-
oprotein (RNP) complex together with RdRp [79]. RNA
serves as a co-packaged (and RNA-dependent) RNA poly-
merase complex (RdRp) transcribing mRNA of the viral
genome. After the virus enters the host cell via glycopro-
teins, RNP is released from the virion. The function of the
nucleocapsid is to protect ssRNAs from degradation [80].

Baikerikar (2017) [81], in molecular docking studies
demonstrated the potential activity of curcumin derivatives

against the VP40, VP30, VP35, GP and NP proteins of Ebo-
la. The derivative bisdemethoxycurcumin presented excel-
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lent binding affinity; with interactions at residues Prol31,
Alal28 and Prol65 for VP40; Thr335, Val294 and Leu249
for VP35; Ala246 and Phel81 for VP30; Argl54, Leuls8
for VP24; Leu593 and Trp597 for Glycoprotein (GP). If tak-
en as a separated group; (VP35, GP, and VP30); tetrahydro-
curcumin presented better binding affinity than curcumin.
The molecular docking performed for nucleoprotein present-
ed interactions at residues Arg559, Leu561, Phe630, Ala562
and Leu558. Curcumin binds to NP at residues required for
the formation of nucleocapsid structures and replication of
the viral genome, thus interrupting its activity (Fig. 6).

Fig. (6). Curcumin compounds present activity against Ebola virus
nucleoprotein.

4. HERPES DISEASE

Herpes simplex virus (HSV), affecting the lives of human
hosts through cold sores and genital herpes takes two forms:
that of herpes simplex virus type 1 (HSV-1), and herpes sim-
plex virus type 2 (HSV-2) [82]. After entering latency, HSV
remains present at nerve ganglia and may emerge later to
cause a recurrent and active infection. Herpes viruses are
divided into three groups: e herpes viruses which include
herpes simplex virus types 1 and 2 and varicella-zoster virus;
B herpes viruses which include cytomegalovirus and human
herpes viruses 6 and 7; and y herpes viruses which include
Epstein-Barr virus and human herpes virus 8 [83].

HSV-1 causes an oropharyngeal infection, and is trans-
mitted primarily by non-genital contact. HSV-2 is almost
exclusively sexually transmitted, causing genital herpes,
which can cause ulcerative and vesicular lesions in adults
[84]. Ulceration of the genital area may evolve into transmis-
sion of the human immunodeficiency virus (HIV) [85].

In the United States HSV-2 is one of the most common
sexually transmitted diseases. Many more cases are recorded
in Africa (31.5%), followed by the Americas (14.4%), and
these exists a high prevalence in women [86]. HSV-2 is
transmitted via exposure to the surface of the genital mucosa,
leading to latency in the sacral ganglia. Several studies have
explored treatments during pharmacological interventions,
and vaccines have been developed for Herpes Simplex Virus
Type 2 [87].

In many cases HSV is asymptomatic. However, when
symptoms do occur, small genital or anal blisters are often
characterized, and may include ulcers at the site of infection
with fevers, body aches, and swollen lymph glands [85].
Even if the disease is not lethal, the resurgence of the disease
can dramatically affect one’s life. To treat HSV, several
studies have reported the use of synthetic analogues, such as
the nucleosides acyclovir, valacyclovir, famcyclovir and
penciclovir [88]. Upon activation by viral thymidine kinase
these drugs inhibit the activity of viral DNA polymerase
[89]. However, if treatment is delayed until late in the infec-
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tious process or until after reactivation of the disease, it hin-
ders the effectiveness of the treatment, making cases of viral
resistance increasingly reported in compromised individuals
[90].

Kolb et al. (2017) [91] performed sequential analyses and
phylogenetic comparison of 6 HSV-2 isolates, determining
the existence of genomic mosaicism and 4 polymorphisms,
as well as low inter-strain diversity for HSV-2. Thus, signifi-
cantly improved anti-HSV agents with broad therapeutic
efficacy are being targeted by those in the field of drug re-
search.

4.1. Targets

HSV codes seven proteins that act in the replication and
propagation of the virus [92], they include helicase activity,
binding proteins, heterodimeric DNA polymerase, single-
stranded (ss) DNA-binding protein, and heterotrimeric hel-
icase-primase. However, for the development of inhibitors,
few receptors present sufficient capacity as targets [93].

4.1.1. Herpes Simplex Virus Type II Protease

Herpes Simplex Virus Type II Protease is a homodimeric
structure comprised of a seven-stranded f -barrel structure
with seven a-helices. The active site of the protease is in a
shallow groove along the f-barrel surface [94]. For serine
proteases, the catalytic mechanism involves a serine nucleic
attack on the carbonyl carbon of the scissile bond of the sub-
strate, resulting in an enzyme-serine acyl intermediate await-
ing further hydrolysis [95].

Searching the literature, only one article on molecular
docking as applied to HSV type II; Arunkumar and Rajarajan
(2018) [96] evaluated the efficacy of compounds obtained
through Punica granatum by means of in vitro and in silico
studies of ADMET properties and HSV-2 protein targets
with molecular docking. The compound punicalagin present-
ed moderate absorption, low permeability, and low blood
brain barrier penetration. For viral protease, punicalagin pre-
sented hydrogen bond interactions with amino acids Argl57,
Serl31, Ser129, and Thr132, at the active site of the prote-
ase.

4.1.2. Regulator Complex gH/gL

Among the accessory proteins that act as HSV machinery
glycoproteins gB, gD, gH and gL, mediate membrane fusion
events for entry and virus-induced cell fusion. Deletion of
any of these four glycoproteins results in mutant virions that
cannot penetrate host cells [97]. Normally, activated forms
of gD interact with gH/gL to carryout virus-cell or cell-cell
fusion. However, the details of this path still remain un-
known [98]. The gH/gL heterodimeric complex acts as a
fusion component of all herpes viruses, being considered a
target of HSV neutralizing antibodies. In HSV-2 the gH pro-
tein contains 3 domains: An N-terminal domain that binds
gL, a central helical domain and a C-terminal p -sandwich
domain; the second and third domains are conserved in EBV
and HSV [99].

In the same article by Arunkumar and Rajarajan (2018)
[96] molecular docking with the same set of molecules as
potential inhibitors of the gH/gL complex was performed.
For the gH/gL herpes virus regulator complex, they found
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that punicalagin presented amino acid interactions at
Arg527, Trp634, Tyrd86, Leud21 and Gly420. This study,
using in vitro and in silico studies revealed good binding
results for punicalagin, potential evidence to be used in the
development of anti-HSV-2 compounds (Fig. 7).

Fig. (7). The comy d Punicalagin; | activity against the
Herpes virus Protease and Regulator Complex gH/gL.

5. HUMAN IMMUNODEFICIENCY VIRUS - HIV

Acquired immunodeficiency syndrome (AIDS) is caused
by chronic HIV infection and is responsible for a gradual
decrease in defense cells of the infected organism. According
to WHO, 36.9 million people worldwide are living with
HIV; of which in 2017, 59% were receiving treatment.

According to UNAIDS/WHO estimates, in 2017 children
under the age of 15 living with HIV numbered 1.8 million,
with an estimated 180,000 new cases of children last year.
More than 51% of adult HIV cases occurred in women in
2017.

Currently the infection is treatable. With treatment, the
infected individual can have a higher quality of life and con-
trol over the disease. However, to reduce the risk of trans-
mission and to inhibit contagion, certain actions are essen-
tial; such as condom use, not sharing needles, prenatal care,
and others.

5.1 Targets

Current HIV treatment is viewed mainly as inhibition of
three important proteins; protease (PR), integrase (IN) and
reverse transcriptase (RT). Due to HIV mutations and re-
sistance, as well as to the cytotoxicity of the drugs used for
treatment, many research groups are actively working to
develop and test new anti-HIV bioactive molecules [100,
101].

5.1.1. Enzyme Protease

Protease (PR) is an enzyme responsible for cleavage of
peptide bonds between proteins, thus activating or deactivat-
ing enzymes. Viral proteins are encoded in peptide chains,
and are cleaved by proteases. When viral proteins take on an
active conformation they contribute to viral multiplication
and proliferation triggering the infectious process.

Using PDB ID 1HXB [102], the authors sought to predict
its molecular affinity with HIV protease type 1; the study’s
prediction model obtained 98% accuracy. HIV protease type
1 is responsible for the cleavage of certain polyproteins pre-
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sent in HIV, this forms mature proteins that will spread
throughout the infected organism and lead to the develop-
ment of the chronic AIDS infection. The protease has now
caught the attention of the world's researchers. The same
target was used by Mohammdi ez al. [103] who studied 9
tetrahydropyridine derivatives (obtained using diastereose-
lective synthesis) which presented promising values against
HIV-1 protease. The results as compared to the inhibitor
saquinavir were good; where hydrogen bonds in common
with the standard drug were perceived for all of the deriva-
tives at the active site of the protease, highlighting residues
such as Gly27, Ile50, Val82, Gly48, Asp25 and Asp29.

Tong et al. [104] analyzed the interactions, relational
structures, and biological activities of 34 urea cycle deriva-
tives using a similarity index, the target was PDB 1AJV.
Carboxylic grouping of the molecules interacting with the
Asp25 amino acid residue was found to contribute signifi-
cantly to biological activity, as well as the hydrogen bond
involved.

Zondagh et al. [105] performed molecular dynamics
simulations with HIV-1 (South African wild - Subtype C)
targeting PDB 3U71 protease (chosen for close homology
with N37T), to study the dynamics (20ns) of 3 anti-HIV bio-
actives: lopinavir, atazanavir, and darunavir. It was found
that HIV mutation had reduced susceptibility to these drugs.
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Fig. (8). 2D Structure of Polygonumins A.

A natural product which presents a combination of four
phenylpropanoid esters and a unit of sucrose was extracted
from the Malaysian Medicinal Plant; Polygonum minus (Per-
sicaria minor)[106]. Polygonumins A (Fig. 8) exhibits anti-
proliferative activity against human leukemia, human breast
adenocarcinoma, and colorectal cancer. In addition, study
results presented anti-HIV activity; moderately inhibiting the
protease PDB 30XC target by 56%, with an interaction en-
ergy in the range of -10.5 to -11.3 kcal/mol. This is the first
bioactive from this plant to be considered as protease inhibi-
tor for HIV-1.
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A

Fig. (9. 2D Structurc of N-(Adamantan-1-y1)-1.2.3.4-
tetra-hydro-iso-quinoline-2-carbo-thio-amide.

Studies [107] show that N-(Adamantan-l-yl)-1,2,3.4-
tetrahydroisoquinoline-2-carbothioamide (Fig. 9) may pre-
sent inhibitory activity against HIV-1 protease. Molecular
docking using the PDB 1EBY protein revealed the best ener-
gy of the calculated poses as -8.1 kcal/mol with significant
interactions at amino acid residues Alal28, Arg8, Val82,
Pro81, Glyl48, Glyl49 and llel47, and a hydrogen bond
with residue Glyl2. Many studies have focused on the ada-
mantane aggregation at the pharmacophore group of protease
inhibitors for HIV-1. For this study, Ghosh er al. [108]
(whose research discusses molecular docking) evaluated the
interaction between a number of synthetic compounds using
the adamantanyl group with PDB 5JFP, 5JFU and 5JG1 pro-
teins as targets.

5.1.2. Enzyme Integrase

Integrase (IN) is responsible for integrating the viral
DNA into the host cell DNA. This process represents an ir-
reversible step in the cycle of viral reproduction, and once
integrated, the infected cell continues expression of the viral
gene.

Debnath e al. [109] studied the potential pharmacologi-
cal effect of N-hydroxy-substituted 2-arylacetamide bioac-
tives against the HIV-1 integrase protein. The study high-
lighted 6 compounds with in vitro inhibition of greater than
50%. Molecular docking performed with the PDB 1QS4
protein, revealed important integrations for anti-HIV activi-
ty, and hydrophobic and hydrogen bonding interactions with
amino acid residues Asnl155, Lys156 and Lys159 were ob-
served. Other studies with the same protein can be found in
the literature. Vyas ef af. [110] studied a data set of 71 com-
pounds derived from azoindol-hydroxamic, and azaindol-N-
methylhydroxamic acids, together with N-
hydroxydihydronaphthyridines collected from the literature.
In the molecular docking results, the residues important for
pharmacological action were Lys156, Lys159 and GIn148.

Using virtual screening, Chander es al. [111] concluded
that seven compounds from a database of 200,000 molecules
present inhibitory activity for both integrase and reverse
transcriptase. For the molecular docking studies, the PDB
30YA IN protein was used. The drug raltegravir was used as
a control. lmportant interactions for activity with residues
Tyr212, Pro214, Pro211, Prol61, Alal&8, Try535, Pro537,
Ala538, Lys540 were discovered. This same integrase pro-
tein was studied by Faridoon ef af. [112] with a series of 4-
arylimino-3-hydroxybutanoic acid derivatives (Fig. 10); five
of which presented HIV-1 inhibitory activity. The control
drugs used were tegravir, elvitegravir and dolutegravir and
interactions with important residues for activity at: Glu221,
Aspl128 and Aspl8S were detected.
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Fig. (10). 2D Structure of 4-arylimino-3-hydroxybutanoic acid.

Zhang et al. [113] studied integrase inhibitory activity in
a series of 3-hydroxypicolinamides (Fig. 11) with the PDB
3LPU protein. In this study, residues Ile365, Leul02,
Alal28, Alal29, Trp132, Thr174, Met178, Asp36, His171,
1le365 , GIn168, Lys173, Met178, Leul02, Alal28, Alal29,
Trp131 and Trp132 presented significance for anti-HIV ac-
tivity. The same protein was also used in a study by Panwar
& Singh [114] where 3 compounds studied showed promis-
ing integrase inhibitory activity.

[0} OH

Fig. (11). 2D Structure of 3-hydroxypicolinamide.

Natural products with anti-IIIV pharmacological action
are also reported in the literature, Srivastav & Tiwari [115]
studied 26 coumarin derivative dockings (Fig. 12) (using
raltegravir as the control) with the PDB 3NF7 protein. The
molecules were subjected to a QSAR regression model with
Q2 = 0.8307. The interactions at Argl99, Leul58, Metl54,
Lys188, Val150, Argl199, Lys186 and Alal96 were shown to
be important for activity. Ericksen ez «/. [116] has even used
molecular docking with the PDB 3NF7 protein in a Machine
Learning Consensus Scoring study to evaluate software per-
formance.

Fig. (12). 2D Structurc of coumarin derivatives.
5.1.3. Reverse Transcriptase

RT also known as RNA-dependent DNA polymerase
synthesizes viral DNA molecules from the viral RNA pre-
sent in the virus; genetic material that becomes available for
incorporation into host cells.

Jin et al |117] studied a new series of biphenyl-
substituted diarylpyrimidines (Fig. 13a) against wild type
and mutant HIV reverse transcriptase, aiming to inhibit its
activity. Of twenty-two (22) ligand-receptor interactions
calculated through molecular docking with the PDB 2ZD1
protein, five presented high potency with ECsg, of less than 2
nM. Maruti & Dhawale [118] also performed a study with 24
derivative malonamide compounds (Fig. 13b) analyzing in
silico molecular docking of ligand-receptor interactions
against reverse transcriptase with the PDB 2ZDI1 protein.
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The study revealed the contribution of interactions at amino
acid residues Asp64, Aspll6, Leul00, Tyrl8, Trp229,
Vall06, Val179 and Phe227.

mﬁg X

Fig. (13). 2D Structures of a) biphenyl-substituted diarylpyrim-
idines, and b) malonamide derivatives.

Liu et al. [119] analyzed the interactions of 52 diarylpy-
rimidine analogues (DAPYs) using molecular docking for
the PDB 3MEC protein; indicating a contribution of the phe-
nyl ring at the C4 position of the pyrimidine ring that pre-
sented better results than cycloalkanes. The authors pointed
out certain amino acid residues which are important for HIV-
1 reverse transcriptase inhibitory action: Lys 101, Tyr318,
Tyr232, Phe 227, Trp239, Trp229, Pro225, Pro226, Met230,
Ile94, and Vall89, Leul00, Lys103, Vall79, Gly190,
Leu234, His235, Tyrl188, Tyrl81, and Trp229. The same
protein is found in many chemoinformatic studies [120-122].

Samanta & Das [123] studied reverse transcriptase inhi-
bition in certain di-ether catechols, performing molecular
docking for the PDB: 4H4M, 4RW4, 4RW6, 4RW7, 4RW8
and 4RW9 proteins in differing in silico modeling software
showing significant interactions with residues Lys103,
Vall06, Asn103, Pro236, Val179, Tyr181, Leul00, Leu234,
Pro95, Lys102, Tyr188 and Trp229. These PDB proteins are
found in other works [124], including Monforte e al [125]
who  performed molecular docking of Nl-aryl-2-
arylthioacetamido-benzimidazole derivatives with the PDB
3DLG protein using the drugs nevirapine and efavirenz. Two
compounds with promising anti-HIV profiles were high-
lighted.

Cabrera et al. [126] developed a double inhibition study
with molecular modeling of 320 quinoline derivatives (Fig.
14) for reverse transcriptase and integrase using the PDB:
2BAN, 2B5J and 3L2U proteins. In conclusion, 4 structures
presented the possibility of having binary pharmacological
activities, with interactions similar to the drug elvitegravir
and important interactions with amino acid residues: Pro236
or Lys103.
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Fig. (14). 2D Structure of quinoline.

Tang et al. [127] synthesized and modeled 2-
hydroxyisoquinoline-1,3-dione derivatives. Two of which
(Fig. 15) presented potent and selective inhibition of HIV-1
reverse transcriptase-associated RNase H in molecular dock-
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ing studies, with affinities for the Arg448, Lys63, Arg72,
GInl51, Asnl03, Tyr188, Tyrl81, and Trp229 residues in
PDB: 3LP1 and 1RTD proteins.

Fig. (15). 2D structures of the most potent and selective bioactives
against the PDB: 3LP1 and 1RTD proteins.

6. HEPATITIS C VIRUS

In Babylon, more than 2,500 years ago, reports of jaun-
dice (yellowing of the skin) have been found. Around 400
a.C the greek physician named Hipocrates characterized
jaundice as being an infectious disease whose origin was in
liver-related problems [128-131].

Bianch JB was the first to use the term "hepatitis”, pub-
lishing in 1725 with his work titled as Historia hepatica
without theoria et praxis omnius morborum hepatitis et bilis.
Hepatitis is an infectious disease caused by viruses, which
when reaching a chronic state causing cirrhosis, it is advisa-
ble to transplant the liver, when starting the treatment the
patient is advised not to ingest alcoholic beverages and not to
consume toxic foods to the liver [132-136].

The hepatitis virus attacks hepatocyte cells (which pro-
duce proteins) in the liver, once infected, the virus binds to
the hepatocytes (cells found in the liver) through the proteins
of its viral envelope crossing the cellular cytoplasm and los-
ing its capsid upon entering the nucleus, in which the poly-
merase present in the cellular medium biosynthesizes the
viral genetic material [137-140].

In 1970 Harvey J. Alter through an investigation realized
that most cases of hepatitis did not correspond to the types A
and B, but only in 2000 through the scientists Alter and
Houghton that gained the premo Lasker that the virus of
Hepatitis C happened to be known. According to the WHO,
an estimated 71 million people are infected with hepatitis C
worldwide, of which almost 400,000 die each year. Treat-
ments with current medications can achieve 95% cure, yet
according to estimates about 30% of those infected develop
liver cirrhosis within 20 years after infection.

6.1. Targets
6.1.1. Inhibition of ns5b

NS3B is an RNA polymerase protein present in hepatitis
C virus, with which the virus can multiply itself by replicat-
ing its RNA, using viral RNA as a template during its repli-
cation. Inhibition can occur basically by three chemical
agents: nucleoside inhibitors, non-nucleoside allosteric in-
hibitors and pyrophosphate analogues. As drugs widely used
as inhibitors of BS5B we have sofosbuvir and ledipasvir
(Fig. 16).
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Fig. (16). 2D structures of NS5B inhibitory drugs. a) sofosbuvir
and b) ledipasvir.

Patel et al. [141] studied the inhibitory action of NS5B
by 67 benzoimidazole heterocyclic compounds through
QSAR 3D studies and molecular anchoring using PDB 1D
2DXS for action against Hepatitis C virus (HCV), as a con-
clusion compound 22 (Fig. 17) presented a better antiviral
profile in the fight against hepatitis, with pICs, equal to 2.10.
This same protein is present in some computational chemis-
try studies such as Vani er al. [142] using 65 compounds
selected through the ADMET properties of 89 compounds
selected from the platform online PubChem NCBI
(https://pubchem. ncbi.nlm.nih.gov), estes compostos foram
submetidos a docking molecular usando o software iGEM
dock (http:// gemdock.life.nctu.edu.tw/dock/igemdock.php)
presenting good anchorage results with the protein, of which
4 presented better results: daidzin, ononin, colecoxib,
rofecoxib.

FFig. (17). 2D structures of the compound with the best result in the
study of Patel e al. [141].

Other heterocyclic compounds can be readily found in
studies proposing candidates for anti-HCV drugs, for exam-
ple benzothiadiazine derivatives, which is a compound with
two rings containing two nitrogen atoms and one sulfur atom
(Fig. 18a). Wang et al [143] developed mock-chemistry
studies using 3D QSAR, molccular docking and molecular
dynamics with 239 benzothiadiazinic compounds, in this
study molecular anchoring was performed using the PDB ID
3H98 protein using SYBYL 6.9 exhibiting important interac-
tions with amino acid residues Glu446, Gly449, Asn291 and
Asp318. Anithaa et al. [144] carried out a QSAR and molec-
ular docking study ol 52 1.1-Dioxo-2H-benzothiadiazine
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compounds acting against HCV, this study pointed out that
the increase of hydrogen donors and acceptors and hydro-
phobic groups in some regions of these benzothiadiazines
proved to be potentiators of antiviral activity.

Natural products are also studied for antiviral action
against hepatitis C, as an example it is possible to point out
the study of Liu ef al. [145] which addresses the possibility
of using flavonoids in hepatitis treatment through a pharma-
cophoric research combined with molecular docking using
the PDB ID 1C2P protein and 39 flavonoids through GOLD
software of which 20 of these compounds showed EC 50 uM
results, two which have a natural occurrence: apigenin and
luteolin (Fig. 18b-¢).

Fig. (18). General structure of a) benzothiadiazine, b) apigenin and
¢) luteolin.

6.1.2. Inhibition of Other Targets

Protease is also a therapeutic target widely studied by re-
searchers secking new drugs for Hepalitis C, because it is a
peptide cleavage enzyme and plays a key role in cell life and
HCV proteases such as NS2, NS3, NS4A, NS4B, NS5A and
NS5B [146-148].

Bailey et af. [149] developed a study with 27 2,4-
disubstituted thiazole substituted for evaluation, in this study
a molecular docking study was developed to understand the
interactions between amino acid residues that contribute sig-
nificantly to activity against Hepatitis C, thus, this study
concludes that the Asp81, His57 and Tyr56 residues are pre-
sent in the ligand-receptor interaction region. The biological
results through the IC 50 validated the in sifico results, ob-
taining as a result the possibility of using these triazoles as a
good therapeutic alternative in the fight against HCV. the
example of which is in compound 11 of that study that pre-
sented ICso = 0.74nm (Fig. 19a).
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Fig. (19). Structure 2D a) of the compound with the lowest inhibi-
tory concentration [149] and b) (+)-usnic acid.
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Wei et al. [150] studied the antiviral action of 8 com-
pounds present in the organic extract with ethyl acetate from
the plant Daphne papyracea, According to their study, these
compounds showed an inhibitory effect of NS3 / NS4A pro-
tease, among the results (+)-usnic acid (Fig. 19b) presented
better results. Plants, as well as their natural products, are
widely studied as a source of HCV bioactives, as in the in
silico Ashfaq et al. [151] which consists of the molecular
docking of phytochemical components of Azadirachta indica
leaves with the objective of identifying potential inhibitors of
hepatitis C NS3, in this study, the 3-Deacetyl-3-cinnamoyl-
azadirachtin compound presented a better antiviral profile
interacting with the residue Gln526.

A survey of Shaw er al. [152] consisted of the virtual
screening of 12 compounds available from ChemBridge
Corporation, KeyOrganics, Sigma Aldrich and MedChem
Express, which were subjected to molecular docking using
the PDB ID 2HDO protein, in order to track new NS2 inhibi-
tors, as validation of the in silico method through In vitro
test, as conclusion of this study it is shown that compound
160 (Fig. 20a) presented good results against the inhibitory
action of the NS3 protease, as well as its derivatives 160-1
(Fig. 20b) and 160-2 (Fig. 20c).
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Fig. (20). 2D Structure of Shaw et al. [152]. a) compound 160, b)
¢S d 160-1 and ¢) c« 4 160-2.

P

The PDB ID 2HDO target was also used in other studies,
an example was the search for Lulu e a/. [153] which con-
sisted in verifying by molecular docking the possibility of
inhibitory action of Hepatitis C NS2 using AutoDock4.2
proving the potential anti-hepatic action of naringenin and
quercetin.

P

In addition to the proteases, inhibition of protein targets
present in viral envelopes are also studied as possibilities in
the rational planning of new drugs in the fight against hepati-
tis C, some studies regard proteins E1 and E2 as promising
examples. Uddin et al. [154] performed the molecular mod-
eling using benzoimidazole BS with the objective of inhibit-
ing the El viral envelope protein, in this study included mo-
lecular docking between these compounds and the protein
PDB ID IMBN, through the computational data obtained in
their research, the authors realized the possibility of using
this azolic as a bioactive against hepatitis C Another example
of a study involving envelope proteins is the Hung er al.
[155] in which the use of berberine as a molecule with anti-
HCYV action, in its study the results of molecular docking
using 4UOI and 4MWF proteins were validated with the
tests in vitro.

CONCLUSION

This review addressed sexually transmitted diseases;
chronic infections that afflict people from all over the world
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regardless of sex, class, or financial means which are caused
by viruses and maintain certain protein targets. These diseas-
es constitute a public health concern, and new bioactives
have been emerging that may reduce cases of resistance and
avoid the cytotoxicity of existing drugs.

Computational chemistry, when included in pharmaceu-
tical and medicinal chemistry provides a tool for rational
drug screening and planning. Molecular docking; the study
of ligand-receptor interactions contributed to all of the stud-
ies presented. The objective is to understand structural con-
tributions and interactions involved in inhibiting the activity
of target proteins which are necessary to serious pathologies
such as Ebola, HIV and herpes.

In this study, our purpose was to inform as to the nature
and/or class of the compounds reviewed together with their
targets in in silico studies, so that new research may emerge
through appropriating this knowledge towards the develop-
ment of new drugs.
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